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♦  PREFACE

GALAPAGOS—that’s where Darwin learned about the origin of species. Where 
do you go to learn about the origin of Orthopaedics? Here. Read about the 

survival of the fittest, good and bad mutations, and even a few big bangs. This book 
had its origin thirty years ago w hen I was a Registrar to Lipmann Kessel. He ran a 
Fellowship course and enlivened it with historical questions: such as “Who was 
Colies?” or “What did Trendelenburg really describe?” Curiosity drove me to dig out 
the original information. I wrote The Anthology o f  Orthopaedics, a collection of 
classic papers and short biographies. For many years nothing seemed to change and 
there was no point in updating it. Since then, fringe subjects have become main
stream and a lot of the orthopaedic canon has become archaic. The focus of history 
has changed. Hence a new book.

The interest of history is not just who  and when. History is human behavior 
in action—it tells us about ourselves. We all find ourselves in situations today that 
seem new and w ithout precedent: for example, day surgery and outcome studies. 
Yet these two ideas were vigorously debated at the beginning of the century, but 
neither caught on. The leader of outcome studies lost his job because his colleagues 
didn’t want their failures revealed. How are we going to deal with this possibility to
day?

History is the evidence for evidence-based behavior.
Past experience often goes unknown, unstudied, ignored, or discarded as the 

reminiscences of the elderly, who cannot keep up with new wonders, but the 
stories of the past have parallels in the present and the future.

History gives us the opportunity to see the natural evolution of disease. Today, 
we are treating disease early and have lost the day-to-day familiarity with its un
treated course that physicians formerly required. Are we treating paper tigers? 
History shows us the reality of untreated club feet and osteomyelitis.

When a condition has a favorable outcome without treatment, we see that all 
kinds of prescriptions are credited with cure. Examples are acute back pain and flat 
feet in children. Once a non-evidence-based prescription has been taught to a 
generation of doctors, it is almost impossible to eradicate.

The transformation of orthopaedics to its current form has been achieved by 
prevention more than by treatment. We are no longer a specialty based on TB/ 
osteomyelitis/polio/rickets. This is a pointer to the continuing importance of preven
tion in the future for trauma, arthritis, and genetic problems. There is room for 
research on the pathology of prevention as well as the pathology of disease and 
trauma—why does prevention go wrong? Prevention of polio is giving shots, but 
prevention of trauma is more complicated. It means changing attitudes to risk 
taking and lifestyle changes.

Preventive orthopaedics is better than reactive orthopaedics!
Prevention is wholesale and treatment is retail!
Many m ajor advances that have shaped orthopaedics w ere made by 

nonorthopaedists—for example, X-rays, sterile surgery, antibiotics, and biomaterials. 
We have to be ready to research in fields far from what seems relevant to patients. 
These advances have produced paradigm shifts; nothing is the same after them. 
They completely change the way we see the world. Paradigm shifts are more and 
more common, making it difficult to keep up. Examples are CT and MRI. Paradigm 
shifts produced by orthopaedic surgeons include arthroscopy and joint replacement.

Necessity is sometimes the mother of invention. For example, the modern
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v iii Preface

treatment of wounds began when Pare ran out of boiling oil 400 years ago. History 
provides all kinds of clues to creative strategies in your thinking.

Many advances are produced outside the university setting. The arrival of 
science, of questioning, of research funding, and of academic organizations trans
formed orthopaedics, yet many advances have been produced without grants by 
doctors in practice, working outside universities—like John Charnley. The produc
tive time a university position is supposed to provide may be used by committees 
on downsizing.

Nontechnical advances have been as important as technical advances. History 
taking, physical examination, classification of disease, registries, organizations, and 
outcome studies have evolved over centuries. There is a lot of room for making 
advances through nontechnical work.

Many advances were initiated by people who are not credited with them. If 
you read enough old journals you will always find someone who invented or 
described it first. The moral is that writing is not enough. You have to run a coast- 
to-coast promotion.

There is a time w hen progress can be made and a time w hen it cannot. For 
example, the chemical dysplasias of bone took great leaps forward when chemical 
analysis of tissues started but then came to a standstill until the search for the gene 
and bone marrow transplantation. These are the waves of discovery.

We have something to offer that is not provided by our medical colleagues/ 
rivals. The first orthopaedists took deformed patients from the bracemakers, infec
tions from the general surgeons, and fractures from bone setters. Today our case 
mix is different, but we have to be empire builders rather than empire losers.

One famous patient can do a lot for a disease. Roosevelt prom oted the March 
of Dimes for polio. Terry Fox started the Marathon of Hope for cancer—he started 
unknown and his campaign made him famous. Perhaps we should be encouraging 
our patients to start campaigns.

History turns up a lot of eccentric, persistent, nonconformist characters. This 
may be a quality to foster rather than squelch. Today it is said that research requires 
team work, but somewhere there has to be someone who does not listen to 
conventional wisdom.

Orthopaedic history may change the way you think and it goes some way to 
explaining the present.

Orthopaedics is a large part of the history of medicine because musculoskeletal 
disease is so prevalent in the population.

As you read about some of the human misery of the past, you may think, “If I 
had been there I could have made such a difference. I wish I could step back in 
time with the tools of today.” You can. See living history—visit the Third World 
with your doctor’s bag.

Good Reading!

M e r c e r  R a n g



♦  ACKNOWLEDGMENTS

With grateful thanks to my teachers and colleagues in London, Jamaica, and 
Toronto who have been so full of ideas and support over the years: Lipmann Kessel, 
John Golding, Robert Salter, John Hall, Donald Gibson, Walter Bobechko, Norris 
Carroll, Robert Gillespie, Colin Moseley, Ivan Krajbich, Deborah Stanitski, Peter 
Armstrong, John Wedge, Douglas Hedden, William Cole, James Wright, Benjamin 
Alman, Andrew Howard. And to Mihran Tachdjian, Eugene Bleck, Dennis Wenger, 
Edward Blair, Gordon Hunter, Lew Reines, and a generation of Residents and Fel
lows.



♦  CONTENTS

1 Chapter 1 Introduction

3 3 P a i * t  O n e  —  O i * t K o p a c c | i c s

35 Chapter 2 Adult Hip
65 Chapter 3 Child’s Hip
93 Chapter 4 The Foot

115 Chapter 5 Hand and Forearm
143 Chapter 6 Deformity o f the Spine
173 Chapter 7 Spinal Pain
195 Chapter 8 Cervical Spine and Whiplash
203 Chapter 9 Infection
221 Chapter 10 Neuromuscular Disease
241 Chapter 11 Arthritis
261 Chapter 12 Tumors
277 Chapter 13 General Bone Diseases
293 Chapter 14 Amputations and Prostheses
307 Chapter 15 Orthopaedic Treatment

3 4 5 P a t * t  T w o — T K c  S t o i * y  o f  P m c t u » 4c s

347 Chapter 16 Injury

373 Chapter 17 Lower Limb Fractures
395 Chapter 18 Upper Limb Fractures
411 Chapter 19 Spine Fractures and Traumatic Paraplegia
423 Chapter 20 Fracture Treatment

4 7 3 P o » * t  T K » * c e  —  T K c  S t o t * y  o f  S p o » * t s

^ U e d i c i r i c

475 Chapter 21 Sports and Medicine
487 Chapter 22 Knee
511 Chapter 23 The Shoulder

5 ^ 9 P o e t  T o m * — " F i n a l e

521 Chapter 24 Hospitals and the Organization o f Care
537 Chapter 25 Conclusions
543 Chapter 26 References

573 Credits

579 Index



♦ C h a p t e r  O n e

cT wti*od notion

Go into Orthopaedics? “Don’t. You will be wasting your surgical 
talent. Flat feet, crooked backs, and a few cases of joint tuberculosis.” 
Advice given in 1910.

More orthopaedic surgeons are alive today than in all recorded 
history. More papers and books are published in a single day 

than were produced during the thousand-year-long Dark Ages. More 
operations are done in a day now than were done in these thou
sand years.

Infection killed children, war maimed the young men, and 
arthritis made previous generations miserable during their last 20 
years of life—but not today. Now, every citizen can be treated—not 
just the rich and important.

There is more and more effective treatment. These are wonder
ful times. Never has there been progress at such a rate. There is an 
orthopaedic culture that separates us from other specialties. We 
encompass screening newborn hips, going to the games of our 
team, the excitement of all-night trauma surgery, and the leisurely 
pace of rehabilitation.

How has this come about? Will it continue? What are our 
roots? Where did we come from?

History tells us why the specialty of orthopaedics exists and 
how knowledge about bones and joints was w on—sometimes by 
great leaps forward, but mostly at glacial speed. It explains the

An 18th century cartoon of the doctor as a man of books, as a man of science, and 
as a surgeon festooned w ith instruments.

1



2 Chapter 1 ♦ Introduction

Galen, Avicenna, Hippocrates. You 
could say these three m en w rote ev
erything that a doctor needed to 
know for more than a thousand 
years. Or that the unquestioning re
spect shown by their readers held 
back progress for a thousand years.

i-GALEN VS T AVICENA t LTOCRXlESl

^GALENVS
D E  O S S I B V S .  

Ferdinando Balamio 
Siculo interprete.

T *  R I J I I  I ,

Ex officina Chnftiani Wechdi, 
fub (euro BaGlienfi. 

M .D .X  x x v .

Galen’s title page.

development of ideas and technology. It explains why orthopae
dics, which was founded on rickets and tuberculosis, had a predi
lection for immobilization and alignment. Only now, with joint 
replacement, do we take movement seriously.

Orthopaedics is a success story.

But there is a dark side to history too.
Progress was stagnant for a thousand years during the Dark 

Ages because doctors looked backward at historical precedents. 
Faced with a problem, they said, “What did Galen write?” Now, we 
know they should have been looking forward and using experi
ments to seek new information. They could have been using out
come studies and clinical trials to guide their practice. There is 
nothing high tech about this. Instead, “Galen worship” prevailed. 
Things only looked up when we stopped reading dead languages 
and started to look at dead bodies.

"We have not taken the quickest and most direct route to our present 
position. One o f the main values of a historical story is that one sees 
how the growth of knowledge is hampered by prejudice and the failure 
to recognize one’s own ignorance, as well as the misuse of words and 
the mixing up of facts and theories. Having seen that, one resolves to do 
better in the future.” Macfarlane.

■History o f  OHHopaedics

History Is Not Just Dates

The purpose of history is not to provide a lot of useless facts 
to be remembered—a game of Trivial Pursuit. History can easily 
become an addiction to “quaintness.” It is fun to hold a famous
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surgeon’s notebook in an old library and see the brown ink and 
the italic writing done with a quill pen. Pictures of comical splints 
and old operating scenes bring a chuckle. New technology likes to 
gloat over old ways. Then, when we see that these pioneers 
got something right, we say “Wow! Fancy them knowing that so 
long ago.”

We have some pretty strange ancestors who did some strange 
things in the past. But in the future, after the scalpel is abandoned 
for something better, we too will be seen as quaint and slightly 
stupid.

Handwritten Letter in the Royal College of 
Surgeons Library

Correspondence to Sir Astley Cooper:
“Sir, I  have been informed you are in the habit o f purchasing 

bodies and allowing the person a sum weekly, knowing a poor 
woman that is desirous o f doing so I  have taken the liberty of 
calling to know the truth. I  remain your humble servant."

Cooper answered:
“The truth is that you deserve to be hanged for such an 

unfeeling offer. AC”

History Tells Us About Our Rich Heritage
Orthopaedics did not start with AO and hip replacements. We 

started about 250 years ago in name. But we really only got going 
at the turn of the century when surgery became safe and X-rays 
made diagnosis possible. At this time there were very few full-time 
orthopaedic surgeons; most work on the musculoskeletal system 
was done by general surgeons. These early part-time orthopaedists 
were a keen bunch and had amassed about 15,000 papers by 1905, 
when the first index of the orthopaedic literature was published. 
By 1935 there were about 84,000 articles. Now there must be 
several thousand more each year.

If you think you have invented something new, there is more 
than a slight chance it has been tried before.

History Tells Us About Opportunities 
Missed

If a simple idea like the randomized control trial had been 
part of Hippocrates’ thinking, I believe progress would have been 
much faster. He could have done it. He did not need unavailable 
technology—like electricity—to put medicine on the right track. 
But why d idn’t he? Could it be that he had no effective 
treatment—so that the results for controls would have been no 
different from those for the treated group?

Another surprise is that physical examination took a back seat 
to considerations of the weather in making a diagnosis. When 
people believed that disease was due to sin or an excess of black 
bile, examination was irrelevant.

♦ Albert Hoffa (1859-1908)

Born in South Africa, the son of a 
Germ an p h ys ic ian , he started a 
c lin ic in Wurzburg and became Pro
fessor in Berlin. He is known for 
his writings, Hoffa's disease, and an 
early bibliography of 1905.



4 Chapter 1 ♦ Introduction

Medical treatm ent was quickly trapped  by prevailing 
ideas—particularly medieval morality. The view was that good in
tentions are enough. For example, the good intention of bloodlet
ting was to remove bad humors. This practice lasted 2000 years. 
The best of intentions killed George Washington because he was 
bled by his doctors.

The idea that the end justifies the means was religious heresy, 
yet this notion is the basis of outcome studies today. Does the 
treatment work? Only a good outcome justifies a method of treat
ment.

We tend to think that orthopaedics took a long time to get 
started because we had to wait for magnetic resonance imaging 
and computed tomography scans and arthroscopes and hip replace
ments. But progress was slow because of shoddy thinking. Diagno
sis was often uncertain. Imagine a time w hen the cause of pain in 
the hip could not be sorted out, w hen the doctor had no idea 
w hether a patient’s pain arose from the spine, from infection, from 
osteoarthritis, or from a metastasis. For centuries hip disease meant 
only one thing—tuberculosis of the hip joint. How could progress 
be made? How could any conclusions be reached about the efficacy 
of treatment?

The flowery language of case reports, lack of precision, and 
inclusion of gossipy details used in 18th century descriptions of 
disease make it difficult for me to read them and make a diagnosis 
today given a knowledge of bacteria, pathology, and differential 
diagnosis. But these poor, ignorant 18th century doctors knew only 
about white swelling (TB), and pus, and they thought they knew 
about gout, scurvy, and rickets—and that was about it. They stood 
no chance of diagnosing a torn meniscus or osteoarthritis because 
they had never heard of either.

Even w hen a patient came in w ith complaints about a torn 
meniscus—as they must have—our forebears did not recognize it 
as something different. Perhaps this is because the patients were 
poor historians. We have all had the experience of trying to take a 
history from an unsophisticated patient—they don’t know when it 
started, they don’t know where it hurts, and cannot give much 
information at all. “It just isn’t right, Doc.” Is this what our forebears 
had to live with? At least we know what questions to ask to draw 
out these patients: Does your knee lock? Did you twist it? And we 
know a few physical signs. But our forebears asked only whether 
anyone had cast a spell on them or whether they had forgotten 
their devotions.

Reading ancient Asian and Oriental descriptions reveals the 
same problem —inclusion of extraneous information and lack of 
relevant information. Diagnosis was different then, and so there is 
little here from those sources.

Looking at Orthopaedic History

History is a bowl of spaghetti, with all the strands being all 
tangled together. Writing about history is like lifting up one strand
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and trying to find the end without having it break. Just as pasta 
aficionados go for the sauce, so readers of history want a few 
juicy bits.

We can focus on the people. There are stories of unusual 
people and wonderful people who would make role models. Many 
innovators succeed because they persist and persist and disregard 
the conventional image of a doctor.

We can try to make sense of the past—like Karl Marx. He 
went further than anyone else in looking at historical events as 
illustrating laws of human behavior. Like Karl Marx, we can make 
generalizations based on orthopaedic history, such as “War has led 
to many of the innovations in trauma care” and “Back ache was 
ignored until Pott’s disease was controlled,” and so on.

We can trace the strands of discovery from past to present. 
For example, surgical sterile technique starts with Pasteur and 
Lister and goes on to steam sterilization, gloves, masks and gowns, 
and then to Charnley’s operating room greenhouse* and gamma 
sterilization.

We can try to find parallels in the past to events occuring 
today. The monks of the 12th century had a monopoly on medi
cine, just as some governments have today. The monks had to give 
it up because it was too expensive and because they became so 
busy with private practice that they neglected their religious duties. 
This is the stuff of old m en’s reminiscences.

We can try to provide a schoolboy history, obsessed with dates 
and names. There are lots of facts arranged as timelines. Some 
expect a history book to answer arguments posed over a drink. 
This is why the Guinness Book o f  Records was written. Who was 
first to describe an operation? A disease? Was neurofibromatosis 
first described in 1882 by von Recklinghausen—after whom  it is 
often known—or by R. W. Smith in 1849? Or was it someone else? 
Early descriptions are often vague and poorly organized. There is 
much irrelevant information but little about systematic examina
tion. The first doctor is usually forgotten, with good reason.

We can try to name the eras of the past just as the layers of 
the earth’s rock are given names. Some people see history as 
layered and give each layer a name, such as the Renaissance, the 
Age of Enlightenment, and the Dark Ages. Orthopaedics can be 
divided into different ages, such as the Age of Nonoperative Ortho
paedics, the Age of Implants, and Molecular Orthopaedics.

History is a great field for speculation and the writing of 
fiction. Why did Fleming take so long to follow up on his observa
tion that bacteria were inhibited around the growth of penicillin? 
What if Hippocrates had taken a bit more interest in drugs and 
discovered anesthesia?

If you look at portraits of our eminent forebears, you may 
think that the greatest innovation was the marketing of the safety 
razor in 1903. Facial hair was the rule until then.

*A glass enclosure inside an operating room used to lessen the chance of infec
tion.
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History Is Natural History

Why do you wash out an open fracture? To prevent gas gan
grene and tetanus. Have you ever seen these conditions? Probably 
not. You really have to take it on faith that the w ashout is 
necessary—the only evidence is history, working in the Third 
World, or malpractice by a colleague.

History Is the Story of Stupid Mistakes

For centuries it was thought that air was the cause of inflam
mation after operation and not dirt, so it was a long time before 
cleanliness became a part of practice. Suppuration was thought to 
be beneficial, and so applications that would guarantee infection 
were favored over those that did not. Wounds were burned and 
tissue was killed to make a culture medium.

Bleeding was the treatment for shock and many life-threatening 
conditions—conditions now treated with transfusion.

History Is the Story of Creativity

Why think? Why not try the experiment? John Hunter

Why are we not more creative? It is easy to regard Charnley 
or Lister or Fleming as a genius as if that explained everything—but 
why doesn’t everyone come up with a good idea? Why did it take 
so long?

I think the reason is that we are sheep much of the time. No 
one wants to be first. We all attend seminars so that we fill our 
heads with the ideas of other people and leave no space for 
uncertainty and admissions of ignorance—the springboard of inno
vation.

Many creative people reject conventional answers and may 
spend their lives on the edge of being fired because they are not 
team players. History explodes the idea that progress is neat and 
orderly—eccentrics and antiauthoritarians have made the changes. 
Perhaps this is changing as massive projects such as the human 
genome become more important than the work of small labora
tories.

Many inventions that have changed the face of orthopaedics 
are not due to the work of orthopaedists—Pasteur, Fleming, Salk, 
and Roentgen were not orthopaedists. So much of what passes for 
research by orthopaedic surgeons today is no more than auditing 
results and making modifications. The chance of a new concept 
being uncovered by an orthopaedist is less than the chance of an 
outsider doing it. We should always be looking at other fields to 
see whether there is anything that we could incorporate into our 
practice. The best chance of making a big contribution comes from 
looking at any field—so long as it is not orthopaedics!

History shows us why we should be creative and independent 
w hen we are young. Most original work is done by people under 
the age of 30 years.
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Many Breakthroughs Result from Using New Tools, such 
as MRI, arthroscopy, and chemotherapy. A researcher is more likely 
to make an advance from playing with a new tool than from 
looking m ore deeply at som ething we have been doing for 
years—for example, reviewing the results of an operation.

Many new  ideas have taken long to be accepted. They are 
often laughed at. We must be tolerant. We must not be the last to 
accept new ideas nor try to stamp them out.

The road of an innovator is not easy. If you, the reader, hope 
to be an innovator, this book will prepare you for the problems 
you must face. Innovators are tenacious; they are strong advocates 
for their ideas; they are not content to commit an idea to paper 
and then sit back. If they do, the idea will die.

Are Wrong Ideas a Bigger Block to Progress Than Igno
rance? There are plenty of examples of principles promoted by 
vocal authorities that time has proved wrong. One can cite the 
policy that acute nerve injuries should never be sutured primarily, 
that joint injuries should be immobilized, and that blood letting 
was good for many severe problems. Ignorance is more easily dealt 
with than a strongly held erroneous belief.

The Work of an Orthopaedist Has Changed and Will 
Continue to Change. The diseases that dominated orthopaedics 
in the past are not the problems we see today. Yesterday’s orthopae
dist knew about rickets, chronic osteomyelitis, tuberculosis, polio, 
and malunited fractures. Today’s orthopaedist knows about osteoar
thritis, back ache, and knee injuries. Natural history is a thing of 
the past.

When orthopaedics was starting around 1850, the life expec
tancy for a blue collar worker was 23 years (hardly long enough to 
be affected by the diseases that fill our time today).

The repertoire of treatment has changed as much as the reper
toire of disease.

As diseases that we treat change, so we develop new concepts 
that we use in everyday speech, which carry a wealth of meaning 
to us. Stem loosening, creeping substitution, iatrogenic disease— 
each of these ideas had to make a start and then be updated as we 
learned more about each. Some concepts, such as range of move
ment, muscle strength, reflexes, ligamentous instability, were not 
there from the beginning, and early accounts of disease suffer from 
lack of these basics. It is as if they had lousy residents then. The 
sense of time, in the days before watches and calendars, is vague. 
However, even today in the Third World, many people don’t know 
their age because birthdays are not celebrated.

Just to list all that we take for granted would be a big task. The 
longer this history book becomes, the more incomplete it seems.

What Was O rthopaedics Like in Victorian 
London?

In 1855, Edward Lonsdale reported on the diagnosis of 3000 
patients that he and Dr. Adams treated during 3 years at the Royal 
Orthopaedic Hospital in London.



Bowlegs and knockknees 1663 (dietary rickets was common) 
Clubfeet 495
Deformities of the spine 465 
Contraction of joints, etc 243 
Paralysis 45
Fractures, dislocations, and diseased joints 65 
Congenital malformations 24

What Was American O rthopaedics Like 100 
Years Ago?

The major interest of orthopaedics at the turn of the 20th 
century can be gauged from the papers presented during the first 
10 years of the American Orthopaedic Association—40% were on 
tuberculosis, 15% on clubfeet, and another 15% on developmental 
dysplasia of the hip, rickets, and polio combined.

Knight’s book Orthopaedia was one of the first published in 
the United States in 1884. The chapter titles are interesting. He 
includes hernia, procidentia, varicose veins, and ectopia of the 
bladder. The musculoskeletal topics are clubfoot, scoliosis, polio, 
tuberculosis, and rickets. There is nothing about back ache, osteo
arthritis, or the knee. There is nothing about operating!

Lovett and Bradford’s textbook, published in 1915, has 406 
pages: 113 are on tuberculosis, 34 on polio, 24 on rickets. Only 
two pages each are devoted to meniscal tears, back pain, osteoar- 
thritic hip, and osteoarthritic knee, and there is one page on 
tum ors—such are the changes in practice.

What Is Third World O rthopaedics Like Now?
I collected some figures in a poor part of Africa recently. I was 

looking after about 100 beds because there were big delays in 
treatment and inpatient care was cheap. The inpatients were not 
impatient. Most were there with injuries—mostly from the road, 
but some were due to war and animal bites. Osteomyelitis, tubercu
losis, and joint infections arrived late and stayed long. If you want 
to see history today go to the Third World.

This is very different from First World orthopaedics—joint 
replacement, polytrauma, fractures in elderly people, and arthro
scopic surgery—conditions hardly considered part of orthopaedics 
in the past.

When Did Orthopaedics Really Begin?

You need the word before you can think the thought. George 
Orwell in New Speak

Was it in 1741, when the first book with the word “Orthopae
dia” was published?

Orthopaedics was little more than a word invented by an 
83-year-old grumpy Parisian pediatrican, Nicholas Andry (Nicolas 
Andre). Orthopaedia was the title of a self-help book written for

8 Chapter 1 ♦ Introduction



ORTHOP/EDIA:
Or, The A R T  of 

CORRECTING and PREVENTING

D E F O R M I T I E S

C H I L D R E N  :
By fuch M e a n s  as may eafily be p u t in  

pra&ice by P a r e n t s  themfelves, and  
all fuch as are em ployed in E ducating  
C h i l d  r e n .

T o  which is added,

A D E F E N C E  of the O r t h o -  
pje  0 1  A )  b y  way of S u p p l e m e n t ,  

by the Author.

Tranflated from

The French of M. A N D R T t 
P rofe ffo r o f  M e d ic in e  in  th e  R o y a l  C o l 

l e g e ,  a n d  S en io r D e a n  o f  d ie  F a c u lty  o f  
P h y s i c  k  a t  P a r is .

IUuftrated w ith C U  T  S.

V O L .  II.

LONDON:
Printed for A. M i l l a r , a t Buchanan's Head, oppo- 

fite to Catharine-Jlreet, in the Strand.

M.DCC.XLIII.

Orthopaedia title page.
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O R T H O P v E D I A .

The P R E F A C E

A S it is n o t  w ith in  th e  reach o f  every  
R ead er to  underftand  th e  T i t le  o f  O r-  
thopadia ,  whicJi is affixed to  th is H ook, 
I  lhall begin  w ith  explaining i t ; afte r 

•which I  fhall give an  A ccoun t o f  th e  Book itfelt.
A s  t o  th e  T i t le ,  I  have form ed i t  o f  tw o 

G re e k  W o rd s , v iz .  ’O^do'f, w h ich  fignifies 
ftre igh t, free from  D efo rm ity , and  .. .
i W w ,  a C hild . O u t  o f  thefe ,. .1  , T i . . o f the'title o f
tw o  W o rd s 1 hav e  com p o u n d ed  Orthopadia. 
th a t  o f  Orthopadia , to  exprefs in 
o n e  T e r m  th e  D efign I p ropofe, w h ich  is to  
tea ch  th e  d ifferen t M eth o d s o f  p reventing  and 
corredfing th e  D efo rm itie s  o f  C h ild ren . T h e  
Expreffiou feemcd to  m e  th e  m o re  allow able, 
th a t th e  tw o  celebrated A u th o rs  above c ite d t 

have m ade ufe o f  T e rm s  o f  th e  fame K ind  ; th e  
firft in  giving th e  T i t le  o f  Padolrophia to  a 
T rc a tifc  upon th e  M anner o f  fuckling Infants ; 
and  th e  fecond tha t o f  C allipadia, to  a P oem  
u pon  the M eth o d  o f  getting beautiful C hildren : 
bo th  w hich  Titles are likewifc taken  from  th e  
C heek  ; th e  firft from  n a i f  an In fan t, and  Tfo!p>i 
N e u rifh m en t ; and th e  fccond from  KaAo'f 
beautifu l, and n*«Jiov a C hild .

Orthopaedia preface.

parents. Today every bookstore has a self-help section, and at the 
end of the 18th century they would have had medical books. Self- 
help was popular because doctors were costly and had little effec
tive treatment, transportation was rudimentary, and communica
tion was difficult—there were no Yellow Pages. Doctors were 
university-trained internists; they were few and too expensive for 
ordinary folks. They did no surgery. They moved into the home for 
the duration of an illness and then moved to the next patient’s 
home. Herbalists or apothecaries knew a little medicine and sold 
drugs. A surgeon who had apprenticed with a master surgeon 
would treat wounds and infections. A bonesetter looked after frac
tures. A bracemaker took care of deformities. A lot of medical care 
was provided by wise women without any training, because they 
were near at hand and cheap.

Was it in 1780, w hen  the first o rthopaedic hospital was 
founded? Was it at the beginning of the 19th century, w hen intellec
tual curiosity was expanding horizons or was it at the end of the 
century w hen anesthesia, asepsis, and X-rays made it possible to 
change the subject from orthopaedics to orthopaedic surgery?

Was it at the beginning of the 19th century, w hen we began 
the correction of soft tissue deformities by tenotomy and splinting 
and exercises? Or was it at the end of the last century, w hen we 
began the correction of bony deformities by osteotomy? Or was it 
because outbreaks of cholera and other infectious diseases stopped 
being the main preoccupation of doctors and patients?

Or was it joint replacement in the middle of the 20th century 
that defines us?
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♦  Robert Chessher

Where Was the First Orthopaedic Hospital?

There is no easy answer, and I am expecting lots of readers to 
write in with suggestions.

Was it an inpatient scoliosis institute in Holland in the 1660s, 
run by the Schott brothers?

Was it the Royal Mineral Water Hospital at Bath, founded in 
1740, which treated arthritis?

Was it an institute opened by Jean-Andre Venel in 1780 in his 
home in Orbe, Switzerland? (He used splints and braces for clubfeet 
and scoliosis. Soon after he died the institution closed).

In the United Kingdom there is a shadowy Robert Chessher 
who ran a hospital at Hinckley, in the Midlands, for similar prob
lems from 1778. This died with Dr. Chessher.

Was it the Royal Sea Bathing Hospital at Margate, England, 
founded in 1791 and still in operation? This was a publicly funded 
hospital dedicated to the healing qualities of sea bathing for many 
diseases. Gradually the focus came to be bone and joint tubercu
losis.

On the continent of Europe, orthopaedics meant correcting 
deformities by nonoperative means, and many institutes rose to the 
challenge. They were separate from the general hospitals where 
fracture repair, treatment of osteomyelitis, and amputation surgery 
were carried out.

Many orthopaedic institutes began in the 1820s, with a few 
before this.

At Morley, Meuse, France, Franqois Humbert founded an Etablis- 
sement Orthopedique in 1817, mostly for spinal deformity.

Jacques-Mathieu Delpech started a hospital in Montpellier in 
1825. The surgical treatment of deformity was ushered in when he 
did a tenotomy of the tendo Achillis in 1816. His peers thought 
badly of the plan and persuaded him to give it up.

Guerin’s Hospital outside Paris in 1837.
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Guillaume Jalade-Lafond founded an Institute at Chaillot, out
side Paris, in 1823.

Charles-Gabriel Pravaz started an Institute outside Paris at Passy 
in 1826, and Jules Guerin took it over.

Johann Georg Heine started an Orthopaedic Institute in Wurtz- 
burg, Germany, in 1816. Jacob Heine started the Orthopaedic 
Institute in Cannstatt, near Stuttgart, in 1829. In Hanover, Germany, 
Stromeyer opened an Orthopaedic Institute in 1829 and did a 
tenotomy in 1831.

In Italy, Bartolommeo Borella founded an Institute at San Do
nato in 1823.

William Little, born w ith a clubfoot in Britain, w ent to Ger
many to be treated by Stromeyer by tenotomy. He w ent on to 
found an Orthopaedic Hospital in London in 1837. Stromeyer had 
another student, Detmold, who emigrated to the States and began 
orthopaedics in New York City in 1837.

John Ball Brown started an orthopedique infirmary in Boston 
in 1838.

John Rhea Barton worked at the Pennsylvania Hospital, Phila
delphia, w hen he did the first osteotomies in 1826.

What Is the Family Tree of an 
Orthopaedic Surgeon?

Before there were orthopaedists, musculoskeletal disease was 
looked after by several groups:

• Bracemakers took care of deformities.
• General surgeons drained pus, treated open wounds, and 

did amputations. They were said by Thomas Fuller to need 
“an Eagle’s eye, a Lady’s hand, and a Lion’s heart.”

• Bonesetters treated fractures. Robert Turner took a book 
started by a friar in 1539 and published The Compleat Bone- 
Setter in 1654.

♦  Johann

♦ Robert Turner

Where Did Orthopaedics Start?

Orthopaedics started in many countries. In Egypt there were 
papyri about fractures 5000 years ago. In India, it started with 
Susruta in 800 bc , who was a sort of Indian Hippocrates. In Greece 
there was the original Hippocrates who wrote much about frac
tures, tuberculosis, and deformities. He broke away from attributing 
disease to the gods. He pointed out that there were diseases with 
specific characteristics and names—others had thought that there 
were no patterns.

The Chinese were held back by Confucius, who held that the 
body was sacred and should not be mutilated. This sabotaged a 
scientific approach, and their early books are hard to understand. 
However, Hua t ’o, a surgeon in 190 a d , was worshipped as a god! 
He emphasized the value of exercise and movement. The Imperial 
medical college in 1076 published a book on fractures.

Susruta’s forceps. Heron and lion for
ceps: 800 BC.
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Title page of book, by Bauer and 
Barthelmess, 1854.

In Japan, the Chi so ki book on wounds and fractures was 
produced in 834 a d . More recently, in 1808, the Seikotzu han book 
on manipulation of fractures and dislocations was published.

During the Dark Ages in Europe, knowledge was kept alive in 
the Arab world. Avicenna (980-1036) wrote a Canon o f  Surgery 
in Bokhara, and Albucasis in Cordova wrote that “Surgical opera
tions are of two kinds: those that benefit the patient and those 
that kill him.” Also in Cordova, the great Jewish physician Moses 
Maimonides wrote his aphorisms in 1497.

In Europe in the 18th and 19th centuries, the spirit of the 
Industrial Revolution fired an explosion of medical progress. People 
realized that discovery and the application of science to technology 
were the pathway to continuing progress. Just arguing about what 
Hippocrates really meant was not going to produce results. This 
was a revolution of thought.

In the United States in the 19th century, orthopaedics was 
established w hen it was still fighting for recognition in Europe.

Though orthopaedics started in many places with different 
ideas, today the world is a village and ideas flash round.

False Trails and Timing o f  D iscoveries
Positive and negative events have shaped orthopaed ics— 

pushing it forward or holding it back. The discovery of anesthesia, 
sterilization, X-rays, antibiotics, stainless steel, and polio vaccine 
are the biggest positive events. But the many wrong ideas could be 
argued to have had as big an effect as positive influences. They 
held orthopaedics back as much as the others had pushed it 
forward. Examples are deliberately infecting wounds, neglecting 
anatomy, believing long-dead authorities over verifiable fact, and all 
kinds of useless operations—sacroiliac fusion for back ache, bleed
ing for shock, colectomy for arthritis. Outcome studies and random
ized trials should guard us from these in the future. Elsewhere the 
question has been asked: Why did these simple low-tech checks 
take so long to be applied?

The R ise o f  the Specialties
Surgery has always been separate from medicine—surgery was 

regarded as a gross occupation, not much different from butchery, 
whereas medicine was a clean profession, resembling law. About 
the beginning of the 20th century, both medicine and surgery 
began to fragment into specialties. Why? Because, for the first time, 
treatment began to produce a better outcome than natural history 
alone. Honed skills, an organization, specialist journals, and a li
brary began to pay off. Specialists were no longer regarded as failed 
generalists. Doctors accepted that they couldn’t manage everything 
and began to refer patients to specialists.

Then, as treatment became more and more effective and mass 
transportation allowed patients to travel to the best doctor instead 
of just the closest doctor, specialists became the rule rather than 
the exception. Fragmentation increased with the growth of technol
ogy, which is unfriendly to the casual user.

The idea of being an orthopaedic surgeon did not attract 
followers quickly—at first there were no more than a handful of
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people who could say that they earned a living doing orthopaedics 
full-time. Orthopaedics did not become an operative specialty until 
after the advent of the Three Amigos: anesthesia in 1846, asepsis 
in 1867, and X-rays in 1895. Before the Three Amigos, everything 
that was not fatal was treated nonoperatively.

By the beginning of the 20th century, a lot had been learned 
about locomotor diseases.

Gradually the organization to care for these conditions came 
together, but on a small scale. Then the First World War turned the 
world upside down. Out of the war came many people trained in 
trauma and with organizational skills. Suddenly it was realized that 
orthopaedics was not just about crippled children but about real 
men and women as well. A critical mass of orthopaedists was 
achieved.

O rthopaedics Nearly D idn’t M ake It as a 
Specialty

We had a battle to separate from general surgeons. In the 
United States there was more freedom and less tradition and ortho
paedics took off early. In Britain, there was more difficulty. General 
surgeons were opposed to fragmentation. The British Orthopaedic 
Society was founded and started a journal. It floundered—most 
surgeons said they d id n ’t know  w hat orthopaedic m eant and 
those who did believed it had the German meaning of nonoperative 
treatm ent. D ifferent w ords w ere tried o u t—such as orthom or- 
phy—but they worked no better. The journal was failing until it 
changed its name from Journal o f  Orthopaedic Surgery to Journal 
o f  Bone a nd  Jo in t Surgery—a permanent testimony to the impor
tance of plain words.

Today we have community orthopaedists, and in the big city 
there are subspecialists in sports medicine, spine, hand, pediatrics, 
joint replacement, and so on.

After 2000 years of being a part of general surgery, the general 
orthopaedist has had a life of only 50 years before disappearing 
into subspecialties.

The Growth o f  Knowledge
Injury and disease were first looked on as the result of divine 

punishment or an evil spell—this led to prayer and magic and 
incantation. There was no need to understand anatomy and pathol
ogy. In poor countries this is still the case—think of Voodoo 
in Haiti.

Hippocrates took the first step away from magic/religious 
tradition by objective descriptions of disorders and their outcome. 
Galen pushed knowledge forward by dissecting animals but gave 
up before discovering the circulation of the blood. Today’s surgeons 
find it hard to imagine that this piece of information took so long 
to be discovered. Galen and Hippocrates might as well have written 
the Bible because their views w ere unquestioned for 1500 
years—the Dark Ages. This was a time when people believed what 
they were told over what they saw for themselves.

The written word was respected over personal experience. 
Today a paper contains a brief review of the literature and a lot of

______ Z3Z 1.________z.*.

Andry’s Tree—the symbol of ortho
paedics. He was trying to keep the 
legs o f rick e ty  ch ild ren  stra ight, 
hence the analogy to a young tree. 
Now that our m otto is “Movement is 
life,” w e need a better symbol.
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new experimental data. But during the Dark Ages, a paper had an 
exhaustive review of the literature and no new data.

Why were ideas static?
Poverty. The world was poor due to strife—much like parts 

of Africa today. No one expects scientific breakthroughs from 
Rwanda.

New Ideas Seen as Heresy. The Church and priests con
trolled the information highway and regarded any new idea as 
heresy after Constantine made Christianity the official religion of 
the Roman Empire in 313- The early Church came close to being 
broken by factions; they clung to old authoritarian ideas and dis
couraged experiments. Priests had a monopoly on medicine and 
saw human dissection as desecrating the body. They were con
cerned with the health of the soul and viewed the body as packag
ing. Medicine did not have the same prestigious position as it does 
today. Lack of knowledge made medicine too ineffective to be 
useful. Uselessness discouraged interest.

The experimental approach was discouraged. Knowledge was 
based on revealed information and resulted in faith. It was not to 
be questioned. Only in Victorian times did Galton test the value of 
religious prayer using the experimental method. He pointed out 
that in Britain the National Anthem was frequently played, which 
includes the words “God Save the King/Queen.” Large numbers of 
people sing this. As a result, far more people are praying for the 
longevity of the King/Queen than for the average person. Galton 
found that royalty does n o t live longer than the average 
person—indeed a little shorter because of assassinations. He argued 
that prayer did not pass the test of science.

The grip of the Church on medicine softened in the 12th and 
13th centuries when it was found that the financial drain was too 
great and that the staff were neglecting their religious duties in the 
pursuit of private practice. This is a state of affairs not without 
parallel today. Lay doctors filled the gap. All kinds of Hospital 
Societies sprang up.

With the Renaissance, the artists wanted to be able to paint 
more realistic saints. Artists started dissecting criminals to know 
what made the skin bulge and crease. They were not concerned 
with the theory of the four humors; they drew what they saw. 
Within a few years, anatomic knowledge went from a little to a 
lot—with Vesalius’ Atlas of 663 pages in 1543. The paintings that 
fill the Louvre were the reason for anatomic studies!

Knowledge So Small That It Was Not Useful. A basic 
infrastructure of knowledge is needed before the scientific ap
proach provides useful technology. For example, it has been known 
for centuries that hip fractures often fail to unite. But nothing could 
be done to improve outcome until aseptic surgery, anesthesia, X- 
rays, and implants were developed.

Then there was a lot of wrong information that was counter
productive.

The real advances came from the invention of new tools— 
the m icroscope, arthroscope, gait analysis, and MRI—because 
they provide so much information that knowledge can progress 
fast.



Chapter 1 ♦ Introduction 15

Stages of Knowledge. A feature of orthopaedics in the past 
century has been the rise and fall of many orthopaedic diseases, 
for example tuberculosis, polio, rickets. It is instructive to look at 
the evolution of ideas for a disease.

First someone provides an early clinical description, so flawed 
that the disease in question is confused with other diseases. Interest 
is created. All kinds of ineffectual treatment are proposed and 
argument starts. Little progress is made until an advance in another 
field sheds light—argument lessens. Perhaps special facilities are 
built, such as the tuberculosis sanataria. The disease becomes 
treatable. Then methods of prevention become known and the 
disease fades in im portance—special facilities become redundant.

We are now treating diseases that have not gone through this 
evolutionary process, for example scoliosis, clubfeet, and osteoar- 
thritic hip. We do not understand why they happen. We accept 
that they cannot be prevented or restored to normal, but we can 
treat them empirically. We hope that they will disappear the way 
of the others.

Surgeons knew only a few physical signs in the past to make 
a diagnosis. There were no investigations. Now we know about 
2000 signs. These have been overtaken in the 20th century by 
investigations, which are used to make or confirm just about every 
diagnosis. Often the diagnosis is the product of the test, such as 
dark disc disease seen on MRI.

It is only in the modern era that doctors can do more good 
than harm. The turning point varies with each disease. For open 
fractures it was Lister in the 1860s. For carpal tunnel it was in the 
1950s. For malignant tumors it was the late 1970s.

We have reached the end of an orthopedic adolescence—we 
are no longer the poorly paid, little skilled, low status straighteners 
of crippled children. Now we are members of the techno-industrial 
complex. Hurrah! Enjoy it before the Health Maintenance Organiza
tions and oversupply spoil everything.

The Scientization of Orthopaedics

There is the perception that the olden day doctors looking 
after orthopaedic problems just did what the ancients told them. 
They had neither the means nor the desire to change. Today we 
disbelieve anything told us by a person aged more than 50 years 
or written more than 5 years ago. New ideas are the key to 
promotion—not parroting old ones.

Until the 1850’s, healing was held in low esteem. The movers 
and shakers went into cathedral building and engineering, or explo
ration, or the Army, where great advances and conquests could 
be made.

What has changed? Science works. We are organized along 
scientific lines.

We have research groups. We value objective over subjective 
data. We believe what we see over what we read.

We look forward for information and not backward. We spend 
no time trying to interpret some observation in terms of what
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Stages of an operation in 1559- (A) 
Checking the instruments. (B) Pray 
with the patient. (C) Tie the patient 
down. From a book by Caspar Sto- 
mayr. Lake Leman.

Galen or Charnley or anyone else would say. Confronted by a 
problem, we consult Medlines, and if this does not have the answer 
we may do some research ourselves. We do not try to find a hidden 
meaning in Galen’s works.

We question rather than accept—Journal clubs look beyond 
the summary to see whether the data support the conclusion.

We try to see things in mathematical, biomechanical, or bio
logic terms.

Information is used for a hypothesis that can be tested and 
put to use. For example, with the hypothesis that chemotherapy 
prevents most metastases from osteosarcoma, a research question 
was this: Does limb-sparing surgery give as good a survival rate as 
amputation? Each new piece of information is the stepping stone 
to another.

The scientization of orthopaedics begins with the discoveries 
of anesthesia, asepsis, and X-rays and continues with molecular 
orthopaedics.

The TK»*ce yVmigos
Only after anesthesia, aseptic surgery, and X-rays were discov

ered did we make much progress. Prior to these discoveries, re
markable doctors had done remarkable things, but the patient in 
the street did not have much chance of diagnosis and successful 
treatment.

The Invention of Anesthesia
An editorial in the Lancet (1836) was written before anesthesia 

was invented:

Fear During Operations
“Unsteadiness in a patient, during an operation, is one of the many 

trying things which disturb the tranquility of a surgeon in extensive 
practice. In an operation vast responsibility rests on the composure of 
the sufferer. Much also depends on the steadiness, and mild, though 
confident manner, in which the surgeon himself sets about his painful 
duty, inspiring his victim with reliance on a certainty o f relief at the 
expense of a temporary amount of suffering."

The novelist Fanny Burney had a mastectomy in 1810 and 
wrote a chilling account of her experience.

None of us would have been surgeons 150 years ago. It was 
too unpleasant—operations were like torture. Operating rooms

A B C
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October 17, 1846. This is the second operation done with ether anesthesia at 
Massachusetts General Hospital. The photographer was too upset to record the first 
operation. Drs Morton, Warren, and Bigelow were present.

were invented because patients in one bed could not stand the 
horror of an operation going on in the next bed.

Hypnotism was tried.
Attempts at narcosis using drugs and alcohol are of great antiquity 

but were of little use until street drugs were brought into the hospital.
Joseph Priestley lived next to a brewery in England and be

came interested in smells and gases. Self-taught, he discovered 
nitrous oxide in 1772 and oxygen in 1774. His political views led 
to his house being vandalized in 1791, and he left for Pennsylvania. 
He suggested that oxygen would help people with breathing prob
lems. While testing this, a young chemist, Humphry Davy, discov
ered the high from breathing nitrous oxide. Soon there were laugh
ing gas orgies. In Georgia a general practitioner, Dr. Crawford Long, 
was asked in 1841-1842 for nitrous oxide for a party. All he had 
was ether. Some of the party revelers injured themselves without 
feeling pain. One of them, who had moles on his neck, returned 
and asked Dr. Long to remove them while he was breathing ether. 
Dr. Long did this on March 30, 1842 but did not publicize it.

In Boston, two dentists, Horace Wells and William T. G. Mor
ton, were visiting a fair in Hartford where a showman put on a 
display of laughing gas in December 1844. Horace had a painful 
tooth so he bought some of the gas and had his tooth pulled 
painlessly—“A new era of tooth pulling,” he said. They tried a 
demonstration at Massachusetts General Hospital, but it failed. 
Wells committed suicide three years later.

Morton experimented with ether and put on a demonstration 
at Massachusetts General Hospital on October 16, 1846; a neck 
tumor was removed—a triumph. “Gentlemen, this is no humbug,” 
said the patient. The dark side of Morton appeared—he didn’t tell 
anyone what he had used and wanted to patent it. However, the 
secret was discovered and Morton died in poverty in 1868. Anesthe
sia spread to Europe on the first boat. Liston used it first at 
University College Hospital, London, and said, “Gentlemen, this 
Yankee dodge beats mesmerism hollow.”

A miserable time followed the invention of anesthesia. Anes
thesia stimulated the volume of surgery and the invention of opera
tions, but operations became infected and there were many deaths 
because the idea of sterility was still years away.

TIMELINE
1853 Hollow needle. Alexander Wood, Scotland 
1853 Hypodermic syringe. Charles-Gabriel Pravaz, early French or

thopedic surgeon 
1871 Gas cylinders. Johnstone brothers, USA 
1874 Intravenous anesthesia: Pirre Ore
1878 Endotracheal anesthesia. Macewen, an early Scottish general/ 

orthopedic surgeon 
1904 Procaine. Alfred Einhorn, Germany 
1909 Intravenous block. August Bier, Germany

♦ Henry Jacob Bigelow, 1818- 
1890.

He was the son of a Harvard profes
sor and qualified  there . Affected 
w ith  lung d isease , he trave led to 
Cuba and Europe to recuperate. He 
visited all the leaders of orthopae
dics and at age 27 years wrote about 
what he had learned in a manual of 
orthopaedic surgery— In What Cases 
and to What Extent Is the Division 
of Muscles, Tendons, or Other Parts 
Proper for the Relief of Deformity or 
Lameness? This won a prize in 1844 
and was one of the first American 
w orks on orthopaedics. He heard 
about TG  Morton pulling teeth un
der ether and persuaded him to 
com e to M assachusetts G enera l 
Hospital to demonstrate while the 
chief, Dr JC Warren, operated on 
Oct 16, 1846. His paper about this 
operation w as pub lished  (Boston 
Med Surg J 1846, 35, 309, 379).

He described the importance of 
a Y-shaped ligament in the front of 
the hip in a 1869 book on hip dislo
cation and was rewarded by having 
his name attached to it.

Ether equipm ent in 1847.
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AN ESSAY 

C H L O R U R E T S

OXIDE OF SODIUM AND OF LIME
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CIII.OHURET OF OXIDE OF SODIUM

MORE ESPECIALLY

AS A REMEDY OF CONSIDERABLE EFFICACY,

HOSPITAL GANGRENE; PHAGEDENIC, SYPHILITIC. 

AND ILL  CONDITIONED ULCERS;

MORTIFICATION;

AND VARIOUS OTHER DISEASES.

DEDICATED BY PERMISSION TO

THE RIGHT HONOURABLE ROBERT PEEL.

B Y  T H O M A S  A L C O C K ,

LONDON:
PU BLISH E D  BY BURGESS A N D  H IL L , 

55, Great Windmill Street, Haymarket,
Ami SoW by nil oilier Bookiellcrj.

1827.

C hlorurets: This was an  1827 a t
tem pt to rid hospitals of infection.

♦ Joseph Lister

The Control of Infection

“The man laid on the operating table in one of our surgical hospi
tals, is exposed to more chances of death than the English soldier on the 
field of Waterloo (1815).’’—Comment on operating 150 years ago.

Wound infection
Three errors made any kind of operation a death trap.

1. Pus is good. Perhaps this idea came from the observation 
that draining pus is better than undrained pus. But it led to 
all kinds of things, which promoted the formation of pus, 
being applied to wounds. Dung brought in organisms and 
boiling oil cooked the tissues to be feasted on by bacteria.

2. Air carries in contagion. The miasma theory. This was 
correct in the sense that bacteria are in the air, but they 
are present in much larger numbers on unwashed hands 
and instruments. This led to subcutaneous tenotomy, an 
operation that didn’t let the air in—the operation which 
was the jumping-off point for orthopaedics.

3. Spontaneous generation of contagion. Prevention was 
not possible. This idea meant that there was no separation 
of septic cases and no attempt to clean equipment used on 
one patient after another.

There had been attempts to prevent infection before Lister. 
Wards were sprinkled with bleach to destroy “miasmata.”

Lister in Glasgow was trying to find an answer to infection. A 
chemistry professor told him to read a paper by Pasteur that was 
several years old; Pasteur had found that microorganisms made 
grapes ferment, and Lister saw a similarity between putrefaction of 
grapes, food, and flesh. Lister and his wife converted their kitchen 
into a small laboratory and tested carbolic acid, which was used to 
stop sewage from smelling. He tried it on wounds and published a 
paper in 1867 describing success in 9 of 11 patients.

ON THE ANTISEPTIC PRINCIPLE IN THE 
PRACTICE OF SURGERY

JOSEPH LISTER, FRS, 1867

“I  arrived a t the conclusion tha t the essential cause o f  suppu
ration in w ounds is decomposition I t  has been shown by the
researches o f  Pasteur tha t the septic property o f  the atmosphere 
depended on m inute organisms suspended in i t . . .  It occurred to 
m e tha t decomposition in the injured p a rt m ight be avoided . . .  
by applying som e material capable o f  destroying the life o f  the 
floa ting  particles.

The m aterial which I  have employed is carbolic or phenic
acid.

The first class o f  cases to which I  applied it was that o f  
com pound fractures.. . .  Limbs which would otherwise unhesitat
ingly be condem ned to am puta tion  m ay be retained w ith confi
dence o f  the best results.
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Lister’s Spray in action. His students said at the beginning of an operation, “Now 
let us spray.” This looks very different from an operation scene today.

I  am  prepared to go so fa r  as to say that a solution o f  
carbolic acid in tw enty parts o f  water, m ay be relied on fo r  
destroying any septic germs tha t m ay fa ll upon a w ound  during  
the performance o f  an operation.

Previous to its introduction, the two large wards in which 
m ost o f  m y cases o f  accident a nd  o f  operation are treated were 
am ongst the unhealthiest in the whole surgical division o f  the 
Glasgow Royal Infirmary. I  have fe lt  ashamed, when recording 
the results o f  m y practice, to allude to hospital gangrene or 
pyaemia. Whenever all, or nearly all, the beds contained cases 
with open sores, these grievous complications were pretty sure to 
show themselves: so tha t I  cam e to welcome simple fractures, 
though in themselves o f  little interest either fo r  m yself or the 
students, because their presence dim inished the proportion o f  
open sores am ong the patients. B u t since the antiseptic treatm ent 
has been brought into fu l l  operation, a nd  w ounds a n d  abscesses 
no longer poison the atmosphere with p u tr id  exhalations, my  
wards . . .  have completely changed their character; so tha t during  
the last nine m onths no t a single instance o f  pyaem ia, hospital 
gangrene, or erysipelas has occurred in them.’’

Lister traveled  w idely, describ in g  an tisep tic  surgery, an d  p ro 
gressive su rgeons s ta rted  spraying carbo lic  acid. It w as a sim ple 
system , n eed in g  no  e lab o ra te  eq u ip m en t. H ow ever, it d id n ’t ca tch  
o n  universally. S tatisticians have said th a t th is is b ecau se  h e  used  
h isto rical con tro ls, an d  Lister h im self said th a t 75 p a tien ts  w as n o t 
en o u g h  to  draw  a statistical conclusion . H ow ever, if h e  had  k n o w n  
ab o u t th e  ch i squared  test, h e  w o u ld  have k n o w n  th a t a d ifference
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between 43% mortality in the untreated group and 15% in the 
treated group was highly significant, and his paper might have 
carried more weight. Many surgeons angrily opposed Lister’s ideas. 
For twenty years battles prevented patients benefiting—until the 
emphasis changed to aseptic surgery with the invention of boilers 
by Neuber in Kiel in 1885 and steam sterilizers by Bergmann and 
Schimmelbusch later.

♦ Ignaz Semmelweis

TIMELINE OF SAFE SURGERY
1775 Claude Pouteau in Lyon emphasized handwashing to 

prevent the spread of infection. In 1744 he had pricked 
his finger, and quickly his finger began to resemble the 
wounds he continued to dress in the hospital.

1795 Epidemic of puerperal fever in Aberdeen reported by 
Alexander Gordon.

1843 A paper by Oliver Wendell Holmes of Harvard describes 
how he stopped an epidemic of puerperal fever in 1835 
by washing his hands between cases. He provoked 
more opposition than agreement.

1836-1837 Theodor Schwann (1810-1882, Berlin, Liege, Louvain) 
beat Pasteur to the theory of infection and its control. 
He showed that putrefaction was due to living cells that 
could be killed by heat. Fermentation due to yeasts 
could be prevented by heat. But for some reason his 
vision was dwarfed by Pasteur later.

1848 Ignaze Semmelweis introduces handwashing to a deliv
ery ward in Vienna, reducing maternal mortality after 
childbirth from 18.3% to 1.3%. His idea was the result of 
doing many autopsies on dead mothers. His pathology 
teacher died after sustaining a laceration in the autopsy 
room, which showed the same changes as those of the 
mothers. Semmelweis concluded that small particles on 
the hands caused these deaths.

His ideas were not accepted; he became psychotic 
and died (possibly of a head injury) in an asylum in 
1865.

1857-1859 Pasteur publishes the result of ferm entation experi
ments: wine spoiled by particles that are destroyed by 
heat.

“In the field of observation, chance favours the pre
pared mind.”

1864 T. Spencer Wells: Some causes of excessive mortality 
after surgical operations.

A mortality in the Paris Hospitals from 1836 to 
1841 of 39%, including amputations of the fingers 
and toes (thigh, 62; leg, 55; arm, 45; forearm, 28) 
was, when announced by M. Malgaigne, regarded as 
a startling revelation.

He then referred to the work of Pasteur and germs 
in the air, Davaine’s work on “bacteria” in the blood, 
and Polli’s observation in Milan that sulfuric acid had an
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“antiseptic” action. He tried using various sulfites by 
mouth in cases of septicemia but never had the insight 
of Lister to sterilize the surgical field.
Glasgow’s Professor of Chemistry reads Pasteur’s paper 
and talks to Lister about it. Lister repeats the experi
ments, aided by his wife in their home laboratory. He 
decides to use carbolic acid (which is used to prevent 
sewage from smelling) on an open fracture of the tibia 
on an 11 year old boy, James Greenlees. The leg healed. 
He met w ith success in other open fractures. He started 
to use handwashing and carbolic dressing and sprays 
for amputation, and published his results in Lancet, 
January 8, 1870. Before antisepsis—16 deaths in 35 
cases; after asepsis—6 deaths in 40 cases.
Volkmann becomes a convert to asepsis, and the idea 
catches on quicker in Germany than in Britain.
Robert Koch identifies a specific bacterium as the cause 
of a specific disease.
Koch: Investigations show that wound infection is pro
duced by bacteria.
Chamberland built an autoclave for Pasteur’s laboratory, 
and in 1886 Redard in Paris introduced it to the op
erating room.
Lister’s ideas begin to catch on—after more than 10 
years of controversy.
Gustav Neuber of Kiel: Gown and cap, dust-free ventila
tion.
M acewen, in Glasgow, had been a medical student 
w hen Lister was doing his experiments and became an 
enthusiast for asepsis. It was the time w hen industrial 
smoke made rickets endemic. In this year he reported 
1800 osteotomies w ithout major sepsis.
Ernst von Bergmann of Berlin introduced steam steriliza
tion.
lis ter stops using the spray.
W. S. Halsted introduces rubber gloves in Baltimore. He 
invented these for his fiancee in the operating room 
whose hands were being ruined by carbolic acid.
Until the invention of anesthesia and asepsis, surgeons 
spent only a few minutes a year actually operating. 
They took on only cases facing death. Operations lasted 
only a minute or tw o—the length of time a person 
could be held down. Only the simplest kind of opera
tion could be done. The average number of operations 
done in a year at the Massachusetts General Hospital 
before ether anesthesia was 38. Shortly after ether was 
invented the number was 190; before Lister, 770; and 
shortly after Lister, 1012. In the 1890s, it was 2500. 
Neuber builds a closed operating room. Until this time 
operating theaters were literally theaters, w ith up to 
400 students gathered in tiers around the operating 
table, coughing and and shaking their street clothes. 
John Charnley develops the greenhouse operating room 
enclosure, exhaust system, impermeable gown fronts 
and double gloving and reduces infection.

♦ Louis Pasteur, 1822-1895

He was born in Dole, France, and 
graduated in chemistry. Research on 
crystals in Paris led to sugar crystals 
and research on ferm entation. He 
found that microorganisms in the air 
were responsible for fermentation 
and that they cou ld  be k illed  by 
heat. Still there were believers in the 
spontaneous generation of organ
isms, so Pasteur organized a shoot 
out experiment in 1864. The vinegar 
makers of Dijon and later the wine 
makers were having problems that 
Pasteur solved by pasteurization. He 
wrote studies on wine, beer, and dis
eases of silkworms before inventing 
vaccines for cholera, anthrax and ra
bies. He had a left-sided stroke at 
age 46 but continued to be as pro
ductive as ever until his death at the 
age of 73.
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♦ Alexander Fleming

With these two tools—aseptic surgery and anesthesia—the 
number of conditions amenable to operation increased enormously. 
Patients began to see surgery as an option compatible with survival. 
The complexity of operations increased. Surgeons at the end of the 
19th century were like little boys given a new toy.

Antibiotics and Immunization
Preventing operative infection made surgery safe, but if infec

tion occurred there was no way to treat it. Penicillin is a mold and 
various moldy dressings were found to be effective for infected 
wounds in early times. But the systemic administration of antigerm 
substance began w ith quinine for malaria, and then there was 
salvarsan—the magic bullet— for syphilis in 1907, synthesized by 
Paul Ehrlich. Gerhard Domagk began with the dye industry, which 
produced a huge number of organic compounds. He tested many 
substances for activity against bacteria and came up in 1932 with 
Prontosil Red, which killed streptococci in mice. This was a sulfon
amide first synthesized in 1907. This shows that the things we seek 
are always around us but only need to be seen in a different light. 
His daughter, Hildegarde, developed an infection in 1935 and was 
dying when, as a last-ditch measure, he gave her Prontosil and she 
came through. He was awarded the Nobel Prize, but Hitler pre
vented him from accepting it.

In 1938, a British drug company was testing related com
pounds and found that sulfadiazine had antibacterial properties, 
and this came to be widely used. It saved Winston Churchill’s life 
when he had pneumonia during World War II.

Alexander Fleming had w orked on wounds during World 
War I and then worked as a bacteriologist at St. Mary’s Hospital in 
London. Returning from a holiday in August 1928, he found that a 
contaminant on a Petri dish had killed a culture of staphylococci. 
This turned out to be penicillin. He published this result but did 
not pursue it.

At Oxford, Harold Florey, a pathologist, and Ernst Chain, a 
refugee biochemist from the Nazis, came across Fleming’s report 
as they searched for antibacterial substances and found in 1940 
that this penicillin worked against streptococci in mice. Drug com
panies in the United States and later in Britain mass-produced it, 
and by 1945 they all shared a Nobel Prize.

With the advent of antibiotics, the risks of surgery, an open 
wound, an open fracture, tuberculosis, and osteomyelitis began to 
disappear.

Although immunization had begun before penicillin was dis
covered, it was not until more than ten years later that polio was 
conquered.

The Invention of X-rays

Everyone knows that Konrad Roentgen discovered X-rays in 
1895. What is little known is the reason why they were not found 
a year or two earlier.

William Crookes used the same rays and found that a piece of
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film left nearby was fogged. He sent the film back to the manufac
turers as defective.

Another researcher, Goodspeed in Philadelphia, had the same 
experience but thought no more about it. The lesson to be learned 
is that observing something unusual is not the key to success. The 
key is to interpret it and find a use for it.

Roentgen had been experimenting with these rays but had to 
give up research because he was appointed Rector in 1894. Only 
when this administrative job came to an end could he get back to 
research—we can only be glad this was not a permanent appoint
ment.

Roentgen was a man who only just made it. When he was 3 
years old, his family left Prussia for Holland as political refugees. 
Expelled from high school because he wouldn’t tell who had drawn 
a caricature of the teacher on a blackboard, he studied at home but 
failed the University entrance examination. After going to technical 
school in Zurich, he tried to become a teacher but was turned 
down. His fortunes improved, and he eventually became Professor 
of Physics at Wurzburg in 1888. In 1895 he had his laboratory in 
total darkness to see w hether a cardboard box was lightproof. He 
sent a high-tension current through a vacuum tube in the box and 
noticed that some nearby chemicals glowed. He knew this was 
something unusual and moved a campbed into the laboratory so 
that he could work uninterrupted.

Putting his hand between the chemical screen and the tube, 
he could see the bones of his hand. He substituted a photographic 
plate for the screen. These were the master strokes that took his 
discovery from a piece of research that would have been ignored 
in a journal to something of instant utility. He dashed off a paper 
to the local scientific community on December 28, 1895. At a 
dinner with friends a week later, one of his fellow guests was 
the son of a new spaper editor. The next day the story was in 
Die Presse.

Soon after, he wrote to his friends, “On the firs t o f  January I  
sent o ff  the photographs I  had  taken w ith X-rays a nd  then all 
hell broke loose. First it was the Vienna newspapers, a n d  then  
the rest follow ed suit. A fter a fe w  days I  was sick o f  the whole 
affair: I  could no longer recognize m y work fro m  references in 
the paper"

His wife wrote, “When Willi told m e in Novem ber tha t his 
work was going well, we had no idea o f  the consequences it 
would bring. B u t scarcely had  he published the results o f  his 
research than our peace o f  m in d  was a t an  end. . . .  I t is no small 
m atter to become a great man.”

Roentgen won the Nobel Prize in 1901 and then turned down 
honors and titles and returned to teaching and research.

X-rays took off fast. Big hospitals obtained a machine within 
months. Fairgrounds had them. Cartoonists had a field day. Only 
later were the dangers of radiation appreciated.

Surgical Use o f  X-rays, March 1896
“The employment of the Roentgen radiations in surgery continues 

to meet with many applications, but it will be well if  surgeons at once

♦ Konrad Roentgen

The X-ray departm ent at The Hospi
tal for Sick Children, Toronto, in the 
1920s. The equipment was simple.
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appreciate the fact that their new ally may possibly become a tacit 
witness against them. An instance of such an unfortunate contretemps 
lately came under our notice.

A gentleman had the misfortune, when a youth, to break his fore
arm, and break it badly too. The limb was duly set; the arm never 
regained its normal strength, and exhibited a deformed appearence. He 
had an X-ray done by a friend and the malunion was clear.

“It ’s a good thing for him,” said the victim, “ that the surgeon who 
set my arm is dead, otherwise I  would certainly take action against 
him.” Let surgeons be careful in recommending to their patients the use 
o f a Crookes tube, in case the revelations it affords should recoil upon 
their own heads.”

This quote from the British Journal o f  Photography appeared 
within three months of the invention of X-rays. In the same journal 
is an account of X-rays being produced in court to obtain compen
sation for a foot injury.

Unlike the practice of internal medicine, orthopaedics is so 
very dependent on the Three Amigos. One would have thought 
that internal medicine would have been much farther ahead of 
surgery in the 19th century because it lacked the brake that surgery 
suffered until anesthesia and asepsis were discovered. Not so. 
Pathology, history taking, physical examination, preventive medi
cine, and real drugs were just as far behind and just as essential. 
People died of cholera because the mode of spread was unknown 
and because rehydration had not been invented.

The brakes to progress in surgery are just more obvious than 
the brakes in medicine. In the 19th century there was a speed 
of progress on all fronts that had never been seen before. The 
development of pathology suddenly increased the menu of diseases 
from which the clinician could choose. Diseases became parti
tioned off from one another—a swollen knee that discharged tuber
culous pus was recognized as different from a swollen knee due to 
a torn meniscus. At first diseases could be distinguished only by 
fairly gross physical signs. Now with our sophisticated systems 
disease can be recognized and distinguished earlier and earlier. 

Other imaging technology is of recent origin:

Computed Tomography
The struggle to create three-dimensional images began with 

stereoscopic pictures and blurring tomography in the 1920s. Many 
manufacturers produced machines. However, CT originated from 
people who had nothing to do with any of this.

In 1967, Dr. Godfrey Hounsfield, an engineer, was working in 
the research laboratories of the EMI Company in Middlesex, Eng
land. The company had a great deal of money for research because 
they recorded the musical group The Beatles.

Godfrey Hounsfield was interested in pattern recognition and 
had just finished working on face and fingerprint recognition; 
unfortunately, the police were not interested and the project was 
a commercial failure. He moved on to consider how  to recognize 
the size, shape, and position of objects in a closed box; he decided 

♦  Godfrey Hounsfield to use X-rays aimed from many different directions.
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One of his great breakthroughs in thinking was to stay away 
from photographic film for recording. Photographic film had always 
been so much a part of radiology, but the scale between black and 
white on film covers only a small range. By using a crystal to record 
he could extend the scale 100 times. He used a com puter to print 
out the measurements.

His first image took 9 hours to complete, and later he cut it 
down to minutes. He wondered whether this could be applied to 
human radiology and was told that only the human brain stayed 
still for long enough to image at this rate. So a machine was built 
and used in a neurosurgical hospital in Wimbledon. The first article 
about it was published in 1973. In 1979, he and Allan M. Cormack 
shared the Nobel Prize.

Alan Cormack was Lecturer in Physics in Cape Town, South 
Africa, in 1956 and became interested in radiotherapy planning. 
This led to working out the mathematics that underlie CT. He 
published the work in 1963, but the only interest was expressed 
by the Swiss Avalanche Research Center as a method of measuring 
the depth of snow. His interest waned until other developments 
got him going again in the early 1970s.

Magnetic Resonance Imaging
In 1952, Felix Bloch of Stanford and Edward Purcell of Harvard 

received the Nobel Prize in Physics for their discovery of nuclear 
magnetic resonance, which was applied to analytic spectroscopy. 
It became useful for the chemical analysis of biologic tissues. In 
1971, Raymond Damadian found he could distinguish a test tube 
of tumor tissue from a test tube of normal tissue, and with great 
foresight he filed a patent in 1972 for the medical application of 
this concept. The first image, of two tubes of water, was produced 
by P. C. Lauterbur in 1973- An image of a dead mouse was produced 
the next year. Several centers worked on the idea. In July 1977, 
Raymond Damadian produced the first primitive live human image 
of himself in Brooklyn, New York. The word “nuclear” has been 
dropped from the name because no radiation is involved and the 
word needlessly scared the public.

Bone Scans
Today everyone has a digital watch with back lighting. But in 

days gone by, telling the time at night using a watch with hands 
was impossible. Then luminous paint was invented. It was radioac
tive. The dial painters used to point their brushes with their 
tongue, thereby shortening their lives because the minute amounts 
of paint they swallowed w ent to the bones and caused radiation 
cancer.

Autoradiography was done on their bones in 1924, and the 
bone itself was found to be radioactive. These were the first 
scans. In 1961, Fleming introduced strontium-85 to localize areas 
of osteoblastic activity. But the isotope had a high radiation dose, 
and its use was largely restricted to patients with malignant disease. 
Other substances were tried but were difficult to obtain. Attention

♦  Raymond Damadian



26 Chapter 1 ♦ Introduction

turned to the polyphosphates, which were known to bind to 
hydroxyapatite crystals; these were labeled with phosphorus-32, 
but again, the problem of high radiation dosage came up. Then in 
1971 Subramanian and McAfee solved this by using technetium- 
99m-labeled diphosphonates—a nearly ideal labeling compound. 
Only then did it become possible to use scanning to study benign 
bone pathology safely. Since then, bone scanning has taken off.

There are many investigative methods that have not stood the 
test of time: dunking witches, feeling the pulse, and The Oracle 
Bones of Shang popular in 1200-1050 b c . This was an ancient 
Chinese method of deciding on an action. The leaders wrote on 
bones such words as ATTACK, or DON’T ATTACK and then put the 
bones in the fire. They looked to see where the bone cracked—if it 
was through ATTACK they knew what to do. Many of these bones 
have been preserved.

What Happened to the Patient with—

A Closed Colles’ Fracture

Until 150 years ago, distal radial fractures were thought to be 
a wrist dislocation, and a bonesetter would try to snap it back 
without an anesthetic. Doctors before this time were more like 
internists of today and considered fractures beneath them. Probably 
most patients went untreated. With anesthesia and X-rays came 
closed reduction.

An Open Tibial Fracture

Most came to amputation without anesthesia. The chance of 
death from infection was high, particularly under military condi
tions.

When amputation was done in hospitals with more than 330 
beds, the death rate was 41%. In country hospitals, the rate was 
11%. In Paris, it was 60%; Zurich, 46%; and Massachusetts General 
Hospital, Boston, 26% (James Simpson, 1867).

Lister showed that spraying antiseptic everywhere dramatically 
reduced infection, but it was some time before he was believed.

A Closed Tibial Fracture

This was treated by lying down in bed on a splint until the 
fracture united. About 1900 came the realization that an ambulant 
cast was possible. And only in 1950 did a weight-bearing cast come 
into fashion.

After anesthesia came along, there was no rush to operate 
so there was no sudden increase in mortality from infection—as 
happened in osteotomies for deformity. Operative treatment did 
not begin until after the invention of X-rays and was safe (from the 
point of view of infection) though the implanted metals used were 
not very good.
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A Closed Ankle Fracture

Before X-rays, the ankle was patted back into shape and the 
patient was not able to walk again because of malunion. X-rays 
displayed the injury, and open reduction soon became popular.

Carpal Tunnel Syndrome
This waited until 1944 to be recognized and operated so that 

the discoveries of the Three Amigos made no difference.

P rolapsed  Disc

Nontuberculous back ache and sciatica were hardly worthy of 
consideration until the 1930s, when the disc was discovered.

Joint Replacement
The first joints to be replaced in the 1880s were damaged by 

tuberculosis, and infection caused failure. X-rays enabled later doc
tors to select joints that were free of infection. Success depended 
more on materials and design than on the Amigos. Painful arthritis 
of the hip was treated with canes, tablets, and spas. Patients 
became crippled. They were homebound. In the 1930s, intertro
chanteric osteotomies were used to correct deformities and were 
found by chance to relieve some of the pain. Unilateral arthritis was 
treated by fusion. Bilateral arthritis was treated by joint excision.

Joint replacement did not become widely available until the 
1970s and 1980s.

The £i*as of DptKopaedics

1. The Era of Nonoperative Orthopaedics. This lasted 
2000 years and came to an end with the introduction of 
anesthesia in 1846.

2. The Era of High-Risk Operative Orthopaedics. Anesthe
sia made elective surgery possible, but the risk of dying 
from infection was great. This stage lasted about 40 years 
and should have come to an end with the first paper on 
aseptic surgery in 1867.

3. The Era of Operative Orthopaedics. Sterility took nearly 
20 years to be accepted. This era has lasted about 110 
years and we are still there. It can be broken up into stages: 
Stage o f  Uncertain Diagnosis: This ended when X-rays 
were discovered in 1893, but the films were not very good 
for at least 10 years.
Stage o f  Deformity Correction: About half the early elective 
operations were done for rachitic deformity. When Vitamin 
D was discovered in 1922, rickets was eradicated.
Stage o f  Implantless Surgery: Implants were not widely 
used until stainless steel, invented in the 1920s, made them 
safe.
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Stage W ithout Antibiotics an d  Vaccines: Infection was a 
huge problem —staphylococci, tuberculosis, polio—until 
the 1950s.

Stage o f  M inim ally Invasive Endoscopic Orthopaedics and  
Jo in t Replacements: Started in the mid-1960s.

The S u ccess  of 
OptKopacd i cs

There are few cripples on the streets outside the Third World. 
There are no long-stay orthopaedic hospitals.
Orthopaedics has coped with the aging population better than 

other specialties.
There are more orthopaedists alive now than there have been 

in the whole of history.

EARLY BOOKS ON ORTHOPAEDICS
300 b c  Hippocrates on Fractures

1601 Geronimo Mercuriale: De artis Gymnastica. First book on 
sports medicine. There are extracts in Clinical Orthopae
dics, 1985, Volume 198, 21.

1705 Jean-Louis Petit: The Art o f Curing Diseases o f Bone. Paris

“In general I  will write a book that will be useful 
both fo r surgeons and patients. The surgeons will find 
sure methods to win the confidence of those beginning 
treatment and patients will find the evidence to distin
guish between a methodical surgeon who knows the cause 
of the disease he is treating from quacks who are all 
pretence and bluster, pretending that a bruise or twist is 
a dislocation and then causing grief with unnecessary 
traction, making the pain worse than before they had put 
their hand to it.”

1742 Nicholas Andry’s book was w ritten for parents and not 
for doctors.

1810 Johann Christian Gottfried Jorg, a German obstetrician, 
wrote the first orthopaedic text in 1810: On the Distortions 
of the Human Body and a Rational and Certain Method 
of Curing the Same.

1828 Delpech: L’Orthomorphie
1844 One of the first American books was A Manual of Orthope

dic Surgery, by Henry J. Bigelow. It was a dissertation that 
won the Boylston Prize for 1844 on the following question: 
In w hat cases and to what extent is the division of muscles, 
tendons, or other parts proper for the relief of deformity or 
lameness?

1844 Many short tracts w ere w ritten by Guerin, Pravaz, St. Hilaire, 
and Anthony White about this time, and since then the 
exuberance of orthopaedists has made them leaders in the 
author stakes.

♦ Johann Christian Gottfried Jorg
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The American Pioneers

Orthopaedics began in Philadelphia, in New York, and in 
Boston, where the Medical Schools were founded in 1765, 1767, 
and 1783, respectively.

In Philadelphia, Dr. Philip Syng Physick was the leader and 
had studied with John Hunter. An inventive surgeon followed him, 
John Rhea Barton, 1794-1871, of whom more later.

In contrast, New York was soon taken over by an anti
surgeon—James Knight. The early emphasis was on nonoperative 
or minimally invasive surgery because the specialty was established 
before aseptic surgery was accepted. To elect surgery was to tempt 
death. Failures of interpersonal relations were common but did not 
stop New York from becoming the starting place of a national 
organization, the American Orthopaedic Association, in 1887.

In New York were to be found:
Valentine Mott (1785-1865). He studied with Astley Cooper 

in London and returned a bold surgeon. His health failed and he 
spent 10 years recuperating in Europe. While there he visited 
Guerin in Paris and saw his tenotomy practice. He returned to set 
up an institute on the same lines but was crushed by collegial 
opposition.

Murray Carnochan (1817-1887), author of an early mono
graph on congenital dislocation of the hip.

Gurdon Buck (1807-1877) of femoral traction fame.
James Knight (1810-1887). He started the first orthopaedic 

hospital in his own hom e—calling it the Hospital for the Ruptured 
and Crippled. He banned operating, banned plaster, and provided 
trusses for the ruptured and braces for the crippled. When he died 
the staff breathed a sigh of relief, for they could now operate, and 
they later renamed the place The Hospital for Special Surgery. 
Knight is turning over in his grave. Knight’s book, Orthopaedia, is 
an interesting read.

William Ludwig Detmold (1808-1894). He was raised in 
Germany and studied with Stromeyer in Hanover before emigrating 
to New York in 1837 as an orthopaedic surgeon. He did many 
tenotomies and opened the first children’s clinic in New York. He 
became surgeon to the Union Army, and at Bull Run battlefield he 
did 75 amputations in a morning. Detmold invented a combined 
knife and fork to assist amputees.

Louis Bauer (1814-1898). Another Stromeyer trainee, he left 
Germany as a political refugee, came to New York where he wrote 
an early textbook and founded institutions, before moving on to 
St. Louis as a medico-political refugee.

Henry Gassett Davis (1806-1896). He worked in Massachu
setts and in New York. He used traction for fractures and deformi
ties. He developed an elastic scoliosis brace. Buck improved on his 
traction for fractures. He drained and used an irrigation system for 
septic arthritis, writing a paper on 59 years’ experience with the 
method. He wrote a book in 1867 on “Conservative surgery as 
exhibited in remedying mechanical causes that operate injuriously 
both in health and disease.” A giant, but low key.

♦  James Knight

♦ William Ludwig Detmold
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♦ Henry Gasset Davis

♦  Buckminster Brown

In Boston:
John Ball Brown (1784-1892). He was the son of a Massa

chusetts physician, became a surgeon at Massachusetts General 
Hospital, and restricted practice to orthopaedics at the age of 54. 
He founded the Orthopedique Infirmary in 1838, which became 
the Boston Orthopaedic Institution. He was an early tenotomist for 
scoliosis, torticollis, and limb deformities and wrote:

“Having lost my eldest son by inflammation of the great spinal 
cord, and having my second son confined to his bed by lateral curvature 
of the spine, my attention has been forcibly drawn to the study and 
treatment of spinal diseases generally and to the correction of other 
deformities of the human body.” Boston Med Surg J  1838, 18, 139.

His son, Buckminster Brown (1819-1891), had Pott’s disease 
and was bedfast for 8 years. He joined his father in orthopaedic 
practice after studying in Europe with Guerin, Bouvier, Little, and 
Stromeyer in 1845-1846. He was the first purely orthopaedic sur
geon in the United States. He wrote a textbook and is regarded as 
the father of children’s orthopaedics in the United States.

Early Hospitals

These names show how we have struggled for the right iden
tity:

The General Institution for the Relief of Persons with Bodily 
Deformities. Birmingham England, 1817.

The Hospital for the Cure of Deformities of the Human Frame, 
Boston. This was the successor to the Orthopedique Infirmary 
founded in 1838.

House of the Good Samaritan. Boston, 1861.
The New York Surgeon’s Bandage Institute, 1830s.
The Hospital for the Ruptured and Crippled. New York City,

Very old books are put together with sentences like this: 
“According to Hippocrates, Galen, and Aristotle, the blood does 
not circulate.” The reason for putting in their names is that these 
people are AUTHORITIES; you must not question their ideas. They 
were like laws. Heresy, imprisonment, and burning at the stake 
were the punishments for suggesting anything else. Servetus, one 
of the first to suggest the circulation of the blood, was burnt at the 
stake for his opinions. We have come a long way. Yet in some ways 
we have not—listen to a detail man exclaiming the virtues of an 
implant—often it comes down to the fact that a big name is using 
it; this may count for more than science.

Then references served another purpose—to avoid accusations

1863.
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of stealing ideas. Academics did not want their ideas plagiarized. 
Like credits on a movie, their names must be mentioned.

Nowadays references are largely a paper trail for researchers. 
The convention for referencing goes back to the days when 

universities were offshoots of the Church. Doctors writing a paper 
are at one with a vicar preaching a sermon: “I will take as my 
text ‘Mehitabel smote the Ephesian,’ which comes from Leviticus, 
chapter 3, verse 4.”

Keeping track of recent references is just a matter of unloading 
them from Medlines, and today everyone can appear learned. But 
older literature is a challenge; it has to be found and photocopied. 
Often the reference is wrong. Only a few libraries have ancient 
journals, and often they charge a lot for mail enquiries.

Copies take up space and need time to file. A friend of mine 
rented an apartment to store his reference collection and employed 
someone to keep it in order. I store mine in files until I have used 
them and then toss them  into a box for refiling. This is not to be 
recommended if you have a cleaning lady. Many of the references 
for this book disappeared into landfill one day, and you will have 
to put up with some sketchy references until I have time to 
find them all again. I was not trying, thank goodness, to write 
a bibliography. I hope you understand. There are a number of 
chronologies and timeline books on the market that do not refer
ence any of the information, and I took heart from this.

Further Reading

The H istory o f  O rthopaedics
There are a number of general books for further reading or 

for references:

Bick EM: Source Book of Orthopaedics, 1948 
Bick EM: Classics of Orthopaedics, 1976 (a collection of clas

sics from Clinical Orthopaedics)
Boyes, Joseph: On the Shoulders of Giants, 1976 (notable 

names in hand surgery)
Cooter, Roger: Surgery and Society in Peace and War. Ortho

paedics and the Organisation of Modern Medicine 1880- 
1948. University of Manchester, 1993- (orthopaedics in 
the context of social change—w ritten by a historian) 

Keith, Arthur: Menders of the Maimed, 1919. The first and in 
many ways this is still the best, because it tells the story 
of the evolution of ideas. Robert Salter says everyone 
should read this—his interest in cartilage and research 
was fired by reading this when he was a Fellow.

Le Vay, David: The History of Orthopaedics, 1990. An excellent 
book that is very complete and has much translated mate
rial. It is arranged in large part as national histories. 

Morlacchi, Carlo: Orthopedia e Arte. Rome: Delfino, 1997 (a 
collection of works of art, which includes orthopaedic 
patients—good pictures for slides)
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Andry: Haec Est Regula Recti. The 
Iatin ph rase  m eans “This is th e  
straight rule.”

Peltier, Leonard: Fractures, 1990, and Orthopaedics, 1993, San 
Francisco: Norman Publishing Company. These are very 
beautifully produced and well illustrated.

Peltier, Leonard: His “Classics” in the journal Clinical Ortho
paedics have included over 300 biographies, portraits, 
and reprints of papers over recent years, but there is no 
cumulative index.

Valentin, Bruno: Geschichte der Orthopaedie, 1961 (an excel
lent book in German)

These books have a focused interest:

Barry H: Orthopaedics in Australia. Sydney: Australian Ortho
paedic Association, 1994 

Beighton P, Beighton G: The Man Behind the Syndrome. Lon
don: Springer-Verlag, 1986 

Beighton P, Beighton G: The Person Behind the Syndrome.
London: Springer-Verlag, 1997 

Cholmeley JA: History of the Royal National Orthopaedic Hos
pital. London: Chapman and Hall, 1985 

McHenry LC: Garrison’s History of Neurology, Springfield, 111: 
Charles C Thomas, 1969 

Strange FG St C: The History of the Royal Seabathing Hospital, 
Margate 1791-1991. Kent: Meresborough Books, 1991 

Waugh W: A History of the British Orthopaedic Association. 
London: BOA, 1993 (many orthopaedic organizations and 
hospitals have produced a history)

Most of the literature has been found in the libraries of the 
Wellcome Foundation in London, The Royal College of Surgeons of 
England, and the University of Toronto, and I am very grateful for 
the help their staff have provided.

R eferences

Chapter references are located in Chapter 26.



♦ 
♦ 

♦

P A R T  O N E

O i * t K o p a e c | i c s





♦ C h a p t e r  T w o

y V d w I t  f l i p

"Young medical men find it so much easier to speculate than to 
observe. Nothing is known to our profession by guess. There is no short 
road to knowledge. Observations on the diseased living, examinations 
of the dead, and experiments upon living animals are the only sources 
of true knowledge.’’ Astley Cooper on Fractures; 1824

The hip is the biggest joint in the body and causes much grief 
when it malfunctions. In the past, arthritis used to make the 

last years of life miserable for many citizens, and fracture led many 
of the rest to their grave. The meaning of old age has been changed 
by nailing fractures, which began in the 1930s, and by replacing 
joints since the 1930s. However, in the future, an aging population 
may need more hip care than the working population can afford.

The range of movement of the hip: Strasser, 1893- From Steindler A: Human 
Locomotion. Springfield, 111: Charles C Thomas, 1955.

35
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♦ Julius Wolff (1836-1902)

A native of East Prussia, he studied 
bone growth at the suggestion of 
Langenbeck. H is sc ientific  career 
was interrupted by one of the many 
European wars and by his founding 
a Hospital. He became a Professor 
at age 54 years and in 1892 pub
lished The Law o f Bone Transforma
tion prior to the invention of X-rays. 
He used thin sections of bone to 
relate form to function according to 
mathematical laws. "Structure is the 
physica l expression of fu n c tio n ."  
O thers had done th is before but 
never with such thoroughness.

♦  Friedrich Pauwels (1885-1980)

He studied with Lorenz and Schanz 
and founded an Orthopaedic Insti
tute in Aachen in 1913. He focused 
on biomechanical factors that influ
enced bone growth and repair. He 
classified hip fractures and worked 
until retiring at age 75 years.

The shape of the proximal femur makes it biomechanically 
interesting. It cannot be understood quickly. Julius Wolff was one 
of the first to discover the implications of its shape in health 
and disease.

TIMELINE:
Pathology of Osteoarthritis
400 b c  Hippocrates describes arthritis 

1793 Edward Sandifort provides a nice illustration of the pathol
ogy

1819 Brodie—book on the diseases of joints 
1835 R. W Smith coined the phrase morbus coxae senilis 
1839 Colles describes new bone formation and destruction 
1857 Adams distinguishes rheumatoid arthritis from osteoarthritis 

John Kent Spender (1829-1916) coined name “osteoarthri
tis”

1910 A. E. Garrod convincingly distinguishes osteoarthritis from 
rheumatoid arthritis 

1973 Friedrich Pauwels’ concept that a big load over a small 
area destroys the joint. His book is translated into English, 
Biomechanics of the Normal and Diseased Hip, 1976

Pauw els’ P rin c ip les

Pauwels taught us to think about load per unit area on the 
articular cartilage of the hip and on the femoral neck.

"Theoretical reasoning and biomechanical analysis clearly show 
that three hip diseases, congenital coxa vara, pseudarthrosis of the neck 
o f the femur, and osteoarthritis, are caused and maintained by different 
types of mechanical stress. Treatment o f these three diseases must attack 
the biomechanical stress. It is astonishing that treatment can be achieved 
only by an appropriate change of the neck/shaft angle of the femur.

Closing the neck/shaft angle (coxa vara) reduces the load supported 
by the hip joint and the upper end of the femur but greatly increases 
the stressing of the femoral neck.’’

Friedrich Pauwels w rote Biomechanics o f  the N orm al and  
Diseased Hip in 1973, and it was translated and published in 
English in 1976. Summarizing 40 years’ work, this apotheosis of 
hip osteotomy was published when hip replacement was the main 
focus of interest. Its value today lies in the wonderful series of 
radiographs of individual patients taken over many years, showing 
the response to osteotomy. Pauwels wrote that Wolff’s theory— 
bone reacts to changes in stress—had not been proven until his 
work.
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A
(A) and (B), Pauwels illustrates the 
effects of pressure. Loading a small 
area is detrimental to the hip and 
can be helped by osteotomy. From 
Pauwels F: Biomechanics of the Nor
m al and D iseased Hip. Berlin: 
Springer-Verlag, 1976. R eproduced 
w ith permission.
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♦ Philip Wiles (1899-1967)

W iles' father was a successful busi
nessman in the city of London and 
a Member of Parliament. After flying 
in World W ar I, W iles went into the 
family business but decided at the 
age of 24 years to study medicine. 
He went on staff at the Middlesex 
Hospital in 1935 as a bold surgeon 
with left wing politics. In 1938 he 
inserted 3 total hip replacem ents. 
He excised a hemivertebra, and he 
studied the growth of periosteum. By 
1940 he was in the Army again. On 
return to civilian life he wrote two 
textbooks and underwrote the British 
volume of the Journal of Bone and 
Joint Surgery when it started.

He retired early at age 60 and 
went to live in Jamaica. I knew him 
there because he used to teach the 
medical students and was chairman 
of the Scientific Research Council.

He influenced a whole generation of European orthopaedic 
surgeons, but his book is remarkable for the complete lack of 
mention of pelvic osteotomies, for the obsession with the antero
posterior appearance of the hip, for lack of interest in clinical 
results, and for a case-by-case approach without any statistics.

Clinical Features

In the 19th century, hip disease meant tuberculosis. The first 
mentions of osteoarthritis call it “malum coxae senilis”—hardly a 
name to appeal to today’s seniors. In the first part of the 20th 
century, orthopaedic textbooks merged osteoarthritis and rheuma
toid arthritis.

Treatment

For centuries nothing could be done for the few people who 
were lucky enough to live beyond the age of 40. They used canes 
and frequented a spa. In the first half of the 20th century, every 
family had a lame relative using a cane. Only a few surgeons 
operated on arthritic hips. If there had been multiple choice ques
tions for residents at this time they would not select “operation” 
as the right answer for the treatment of osteoarthritis hip. A choice 
of fusion, osteotomy, joint excision, and various types of primitive 
arthroplasty—interposition, cup, unipolar—were the unattractive 
alternatives, and surgeons did not want to take on patients with 
this problem. Joint replacement has changed everything.

“It is sad and depressing that there are virtually no half measures 
in treatment. The patient has to grin and bear it, adapting his life as 
best he can, until such time as symptoms become intolerable.”
Philip Wiles, 1957

es i s

Eduard Albert of Vienna is usually credited with inventing 
arthrodesis in 1881, but all claims to be first are always a challenge 
to find something earlier still.

Park and Moreau, 1806

H. Park of Liverpool and Moreau in France started to excise 
joints for tuberculosis. Moreau’s son published some cases, and his 
publication fell into the hands of Park. The result was a 200-page 
book of the work of both of them, with notes by the professor at 
Glasgow, Dr. James Jeffray, published in 1806.

The operation included “the entire removal of the extremities 
of all the bones which form the joint: with the whole, or as much 
as possible, of the capsular ligament, thereby,” says Mr Park,
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“obtaining a cure by means of callus, or by uniting the femur and 
tibia, when practiced on the knee: and the humerus, radius, and 
ulna, when at the elbow, into one bone, without any movable 
articulation.”

Hip arthrodesis was never a com m on operation because 
pseudarthrosis was frequent. Brittain, in Norwich, wrote Architec
tural Principles in Arthrodesis, before biomechanics had a name 
and provided a rational basis for surgical planning.

Charnley developed a compression method. It is hard to think 
he would do this. In 1946, J Charnley started to do an arthroplasty 
based on Judet’s idea, but the results were so bad he changed 
direction and devoted his efforts to developing a better arthrodesis. 
He found that the best results were from a failed central displace
ment arthrodesis, and this encouraged him to try arthroplasty 
again.

V̂»*tKi4oplasty

The idea is to restore movement to a painful, stiff joint. This 
is different from excising a joint in order to get rid of infection.

Several approaches were used:

1. The first idea of Barton was to use an osteotomy to produce 
a false joint in 1827.

2. Various interposition membranes were used, starting with 
Verneuil in I860, to separate the damaged joint surfaces 
and delay ankylosis. Little bone was removed. Soft tissues, 
bladder, fascia lata, rubber, metals—almost everything was 
tried. Then came Smith-Petersen and his great lateral chasse 
in a counterproductive direction with a rigid mold interpo
sition.

3. Joint replacement started with ivory joints in 1894. At first, 
just the head was replaced and then the whole joint.

4. Biologic repair—encouraging a new, smooth cartilage sur
face with allografts.

the

Hey Groves’ ivory hip arthroplasty, 
1926. From Hey Groves: Brit J  Surg 
1926, 14, 501.

The Judet prosthesis was first im
p lan ted  in  S ep tem ber 1946. Four 
years later he had done 600—or 3 
a week. “The point of view of the 
surgeon is often very different from 
th e  p a tie n t. The surgeon  is im 
pressed by the range of movement 
of the new  joint, whereas the patient 
is grateful for the relief of pain and 
for the improvement of gait. As the 
years pass, however, the patient is 
apt to forget his former state and to 
dwell upon the remaining inconve
niences, no m atter how slight.” From 
Judet J, Judet R, Lagrange J, Dunoyer 
J: Resection Reconstruction of the 
Hip (edited by K Nissen). Edinburgh: 
Livingstone, 1954. Reproduced with 
permission.

' / ! ? * " *  O
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The evolution of hip arthroplasty. Barton 1826, Oilier 1885, Smith-Peterson Cup 
1937, Girdlestone 1943, Charnley central-dislocation 1950.

Jo n e s’ p seu d a rth ro s is  o f  th e  h ip  
joint. From McMurray TP: A Practice 
of Orthopaedic Surgery, 3rd ed. Lon
don: E. Arnold, 1949, Figs. 18-71a, b. 
Reproduced with permission.

♦  John B. Murphy (1857-1916)

O f Irish parents, he studied at Rush 
Medical College in Chicago. He was 
a general surgeon of great energy 
and innovation . At a tim e when 
many orthopaedists were members 
of the brace and buckle  brigade, 
Murphy was a surgeon. After animal 
stud ies, he introduced fasc ia l 
arthrop lasty for jo in ts . He used 
reamers to shape the head and the 
acetabulum. He nailed ankle frac
tures and wired olecranon fractures.

TIMELINE OF HIP ARTHROPLASTY
1827 John Rhea Barton moved a subtrochanteric osteotomy early 

to create a false joint.
1867 Louis Oilier studied joint repair after damage.
1885 Ollier’s book on joint resection raises much interest in inter- 

positional arthroplasty, and many tissues and materials are 
tried w ithout much success.

1894 Themistocles Gluck: ivory replacement of upper tibia and hip 
with an ivory ball 

1894 Jules Pean: prosthetic replacement of tuberculous shoulder. 
Toulouse-Lautrec did a drawing of him operating. Pean w ent 
on to design hip and knee replacements.
John Murphy uses fat and fascia as an interposition for 
arthroplasty and goes on to use this for hip, knee, elbow, 
and jaw.
Delbert: hip replacement
William Baer reports on 100 patients using allograft interposi
tion; in Baltimore.
Putti uses all kinds of interposition in Italy.
Hey Groves replaces hip with ivory ball and stem.
Marius Smith-Petersen starts developing a mold arthroplasty, 
first using glass and later Vitallium on the advice of his dentist. 
Methyl methacrylate marketed as Plexiglass 
Philip Wiles replaces both the femoral head and the acetabu
lum with a metal prosthesis in six patients with juvenile 
rheumatoid arthritis; 13 years later one patient was walking 
w ithout pain.
McKee makes models of a hip prosthesis but war stops him 
from trying it out. In 1951 he reports on three patients. He 
continues to improve the design of his metal-on-metal prosthe
sis until he retires and the advantages of metal on plastic 
become clearer.
Austin Moore and Harold Bohlman: femoral head replacement 
for tumor. The original design has side plates, but later they 
introduce the idea of an intramedullary stem.
Robert and Jean Judet develop a mushroom-shaped femoral 
head prosthesis. The material is acrylic, which breaks, and 
the stem—following the axis of the neck—is biomechani- 
cally unsound.

1902

1903
1917

1921
1923
1923

1937
1938

1940

1943

1946
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1950s Charnley starts to develop hip replacement but gives up in 
favor of arthrodesis. Finds that a failed central dislocation 
arthrodesis provides painless movement and advocates this 
for a short time.

1951 McKee and Farrar describe a metal-on-metal replacement in 
Norwich.

1952 F R. Thompson: femoral head replacement
1953 Edward Harboush in New York uses dental cem ent to hold a 

hip prosthesis and a cup in place.
1954 John Charnley hears a squeaking Judet prosthesis and hits on 

the idea of low-friction arthroplasty.
1961 Charnley’s report in the Lancet
1962 High-density polyethylene
1964 Peter Ring: metal-on-metal cementless replacement w ith a 

screw in the acetabulum
1968 The Hip Society established under the leadership of Frank 

Stinchfield
1970 Ceramic surfaces are introduced by Hulbert.
1973 Porous coating (Cameron, Macnab, and Pilliar, also Tronzo, 

Lord, and Hahn). Food and Drug Administration approves use 
of acrylic cement, opening the way for general use of hip 
replacements.

H em iarthrop lasty

METAL HIP JOINT
M OORE AND BOHLMAN, 1940

Their obese patient presented with an un-united fracture of 
the neck of the femur, which was treated with Moore’s pins. It 
united, but 2 years later the patient was back w ith a previously 
unrecognized giant cell tumor. It was treated with repeated curet
tage, grafting, and radiotherapy. He sustained a pathologic fracture 
and the mass increased in size. The conventional choice lay be
tween doing an amputation or doing nothing.

♦ William Stevenson Baer 
(1872-1931)

He graduated from Johns Hopkins 
and became chief of orthopaedics 
there. He traveled widely in the pur
suit of new ideas. He was known for 
using membrane from pig bladder 
for interposition arthroplasty, manip
ulating the sa c ro ilia c  jo in t , using 
maggots to clean infected wounds, 
and using vaccines for arthritis.

H em iarth rop lasty . (A) Ju d e t, (B) 
Moore, (C) Thompson.

Total hip joint replacem ent—Ring, 
McKee-Farrar, Charnley, Muller. From 
Eftekhar NW: Total Hip Arthroplasty. 
St. Louis: Mosby, 1963. Reproduced 
with permission.
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♦  Austin T. Moore (1899-1963)

He w as born in R idgew ay, South 
Carolina, and studied in the state. 
He founded the Moore C lin ic  in Co
lumbia in 1939 and lived on the 
international stage after pioneering a 
successful femoral head prosthesis.

♦ Frederick R. Thompson 
(1907-1983)

Born in Texas, the son of a Professor 
of Surgery. His three brothers be
came surgeons and a sister married 
a surgeon. His orthopaedic life was 
spent at St Luke's Hospital in New 
York where he developed his hip 
prosthesis.

“In  an  effort to do som ething fo r  him, it was decided to 
resect the entire tum or region and  to replace this portion o f  bone 
with a m etal appliance m ade in the fo rm  o f  the natural bone, 
an d  having in it various loops through which the various muscles 
an d  tendons could be attached, so tha t som e reasonable postoper
ative fu n c tio n  o f  the hip m ight be expected. Apparently no one 
had  ever had  the opportunity previously to replace such an  
extensive a m o u n t o f  bone as this case demanded. Calculations 
were m ade fro m  the roentgenograms o f  the bone, w ax models 
were fash ioned  an d  fro m  these models a m old was made, a nd  a 
Vitallium model o f  the upper fe m u r  was fina lly  produced. The 
appliance w as a b o u t tw elve inches long. I t h a d  a sm ooth, 
rounded head to f i t  in the acetabulum. The lower end was fa sh 
ioned so tha t it could be slipped over a nd  be bolted to the lower 

fra g m en t o f  the fem ur!’

The patient had a problem with a fracture. But he regained 
75% of normal movement and walked without a cane; indeed, he 
could walk about carrying a 215-pound man. He died of heart 
failure about 2 years later. The specimen was retrieved. The capsule 
and synovium were near normal. There was an involucrum around 
the stem but they do not say if there was loosening.

The self-locking prosthesis was introduced in 1952.

THOMPSON PROSTHESIS, 1950

Thompson reported a 2.5-year follow-up of 35 patients in 
1953- The indications were nonunion, avascular necrosis after frac
ture, and bilateral arthritis.

“The simplicity o f  the operative procedure an d  the rapid 
recovery o f  fu n c tio n  w ithout the necessity o f  elaborate rehabilita
tion measures is striking.”

This prosthesis offers valuable salvage possibilities. A viable 
head after a successful nailing, however, is still a more desirable 
result.

The Cement Story

Methacrylate had been known for 20 years before acrylic 
cement was used by neurosurgeons for cranial defects and to fill 
aneurysms in the early 1950s. Kiaer and Jansen reported using it to 
attach plastic cups to the femoral head in 1951. In 1953, Harboush 
described using cement to bed a femoral prosthesis in the femur. 
In the early 1950s Charnley was having trouble with his furnace 
and w ent to the laboratory of the dental hospital for advice on 
measuring the flue temperature. He met D. C. Smith, a chemist 
writing a Ph.D. thesis on acrylics. This led to the first patient 
having a stem cemented in for fracture in 1958. Then cement 
becomes standard for low-friction arthroplasty in Britain after stud
ies showed an excellent bone-cement interface.
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Cement was licensed for use in the Mayo Clinic in March 
1969. Low-viscosity cements were licensed before Charnley’s CMW 
cement was licensed for general use in 1984. In 1970 Charnley 
published his book on cement. Pressurizing becomes important.

ON PROSTHETIC METHODS INTENDED 
TO REPAIR BONE FRAGMENTS, 1894

Jules Emile Pean, M.D.

“In recent years, surgeons have endeavored to f in d  prosthetic 
methods fo r  inducing repair a n d  cicatrization o f  rigid parts o f  
the organism by unquestionably ingenious methods. I t is suffi
cient to observe w ith w hat facility  one can m ain ta in  resected 
bones o f  the extremities or those fractured by accident or surgical 
intervention, to see all the advantages which one can derive by 
external means such as a lum inum  plates a nd  screws applied to 
each side o f  the bone, by twisted silver wires passed across their 
lam ina comparta or the diploe. One will f in d  sim ilar examples 
in our practice reading clinical volum es in which are published  
the observations o f  patients which we have treated a t the hospital

♦  Jules Emile Pean (1830-1898)

"One of the leading surgeons of Paris during the latter half of the 19th century. 
Among his credits was the invention of the haemostat, the first gastrectomy for 
carcinoma, and the introduction of the American ovariectomy into continental 
Europe. The present paper describes the first attempt at articular prosthesis with 
metal. Before this, as he notes, G luck and others had tried ivory and animal bone, 
all of which were quickly absorbed. Pean not only used metal but, recognizing the 
corrosive qualities of steel, iron, and other metals, used platinum as least affected 
by tissue fluids. The concept was good but, of course, not until the classic work of 
Venable and Struck in 1938 did the non-electrolytic quality of Vitallium and certain 
steel alloys raise the standard of success for all metal implantations.

"Pean was associated with the Hospital St. Louis for most of his career. Later 
in life he founded his own hospital, the International. After his death it was renamed 
the Hospital Pean." E. M. B ick, C lin Orth Rel Res 1973, 94 .4 . Reproduced with 
permission.

In 1940 Harboush implanted a pros
thesis for the femoral head. As time 
w ent by it eroded the acetabulum. 
“There should be, not only a false 
head and neck, but a false acetabu
lum as well. Just as an edentulous 
individual needs a set of both uppers 
and low ers, so it is w ith  
arthroplasty’’. He made a Vitallium 
acetabulum and femoral head: both 
w ere cem ented with acrylic. “The 
use of fast setting dental acrylic, rela
tively non-toxic, is introduced in this 
paper. This may open a new  avenue 
in definitive o rthopaed ic  surgery”. 
From Harboush EJ: Arthroplasty of 
th e  h ip  based  on  b iom echanics, 
photo-elasticity, fast setting acrylic 
cem en t and o th e r  considerations. 
Bull Hosp Joint Dis 1953, 14, 242- 
77, Figs. 53 and 54. R eproduced  
w ith permission.

P ean’s p rosthesis, 1894. The head 
w as m ade of b o iled  ru b b e r and 
shaped to allow movement in two 
p lanes. R o tation  w as th ro u g h  a 
swivel on the shaft.

♦  Jules Emile Pean (1830-1898)
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♦  Themistocles Gluck 
(1853-1942)

A Roumanian, he studied in Leipzig 
and Berlin. He worked in Bucharest 
and then Berlin. He experimented 
with nerve suture, synthetic interpo
sition materials to guide nerves to 
bridge gaps, and synthetic substi
tutes for tendons and other tissues. 
He used nickel plated screws and 
plates for fractures in 1885 and ivory 
intramedullary pegs in 1890.

He developed ivo ry  jo in t re
placem ents for the w rist , knee, 
shoulder, and hip for joints excised 
because of tuberculosis or tumors. 
They were secured by intramedul
lary stems. They failed because of 
infection.

o f  St. Louis. Like Oilier a nd  several o f  his colleagues a t Lyon, we 
have succeeded in replacing the bone structure o f  the nose by 
thin an d  fenestrated plates o f  p la tinum , a nd  the results have 
been satisfactory in  several pa tien ts in whom  the bridge o f  the 
nose could n o t have been otherwise supported.

“A year ago a p a tien t was brought to the International 
Hospital alm ost dying w ith tuberculosis o f  the hum erus involving  
the shoulder joint. Lt was complicated by a vast abscess under 
the muscles a n d  such severe difficulties tha t we thought there 
was no alternative to a disarticulation; we fo u n d  ourselves em 
barrassed by his firm  refusal. The extent o f  the disease was such 
tha t the jo in t  a nd  the hum erus seemed as one; an  extensive 
resection would no t y ie ld  a satisfactory fu n c tio n a l result. A t this 
p o in t we thought o f  a prosthesis. We would be able to remove all 
the diseased parts a n d  m anage all the sound parts.

“We m ade a vertical incision through the anterior aspect o f  
the arm  crossing the acromion a nd  descending vertically to the 
ju n c tio n  o f  the middle a nd  lower third o f  the arm, passing the 
sinus o f  a previous incision to incise an abscess. This incision 
involved the skin, the subcutaneous tissue, an d  penetrating the 
interm uscular space which separates the deltoid fro m  the biceps 
an d  exposed the anterior face o f  the bone a nd  the scapulo
hum eral joint. We released considerable fe tid  p u s a nd  detritus.

“The vessels were clamped a n d  the periosteum  was opened 
with the raspatory fo r  the entire length o f  the diseased bone fro m  
the jo in t  to the m id  portion  o f the bone. Opening the capsule 
showed the jo in t  filled w ith pus. The head o f  the hum erus was 
partly hypertrophied, a nd  partly destroyed. The synovium  was 
lined by thick fung ifo rm  tissue which extended to the glenoid  
cavity. The glenoid cavity was altered bu t slightly except in a few  
areas where the cartilage was lightly rarefied. A round the jo in t  
a n d  the periosteum  o f  the upper end o f  the humerus, the m any  
centers o f  subm uscular suppuration were lined similarly by luxu
riant fung ifo rm  tissue. All o f  this was removed by scraping with  
a curette. Then we removed the superior extremity o f  the hu 
m erus w ith the a id  o f  our forceps a nd  gouges, an d  seeing that 
the osseous tissue was infiltrated w ith yellowish a nd  softened  
tubercles, we continued to remove the bone fro m  the top to where 
we m et healthy bone. The superior p a r t o f  the hum erus was 
removed. The synovium  was dissected a n d  removed. Nothing  
rem ained o f  the jo in t  structure b u t the glenoid cavity, the fibrous  
capsule a n d  the periosteum  in the fo rm  o f  a sleeve in all the 
places where it had no t been destroyed.

“Fortunately the loss o f  substance was big enough fo r  explo
ration o f  the infected area. A n incision was made through the 
posterior aspect o f  the jo in t to excavate the p u s a nd  scrape the 
lining o f  an  abscess which extended under the deep surface 
o f  the deltoid an d  dorsal m usculature toward the spine o f  the 
scapula.

“Resection o f  bone was very im portant i f  healing a n d  move
m en t o f  the limb were no t to be compromised. We therefore 
decided to use a device constructed according to the designs o f  
Gluck: we first consulted M. Mathieu, our skillful mechanic. We
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w anted h im  to m ake an interarticular artificial jo in t  a t the end  
o f a stem  long enough to fill  the loss o f  substance o f  the humerus. 
The jo in t  p a r t was able to reach the glenoid cavity w ith a surface 
perm itting  fu l l  movement. He was able to give us one o f  Gluck’s 
pieces. This device was too weak, m ade o f  ivory, a substance too 
easily resorbable, w ith an articulation too little movable. We then  
asked Dr. Michaels (who had been clever enough to construct an  
ingenious apparatus intended to replace the 3 m axillary bones 
in a p a tien t we presented to the Academ y January 14, 1890) 
whether he would work w ith us to design a prosthetic device 
m ade o f  an  unalterable material an d  capable o f  lending itself to 
an artificial jo in t  w ith all its motions. This mechanism, a  model 
o f  which we are presenting today to the Academy, was con
structed by him  w ith a speed an d  facility  worthy o f  com m enda
tion. In  the construction o f  this piece, o f  which the illustration is 
attached, the hardened rubber a nd  iridescent p la tin u m  are the 
sole materials incorporated. To render the rubber stable in con
tact w ith tissue fluids, the pieces o f  which it was fo rm ed  were 
boiled fo r  24 hours in paraffin. When the prosthesis had been 
solidly fixed  to ensure its stability, the periosteum  a nd  articular 
capsule were attached around it. Catgut sutures closed the shaft 
w ithin a sort o f  periosteal case. The w ound  was then closed with  
interrupted horsehair sutures. A rubber tube was sutured in 
place posteriorly to assure drainage o f  flu id s  by gravity. A soft 
iodoform dressing, lightly compressive, kept the arm  an d  shoulder 
immobilized.

“I t  was feared  tha t a m echanism  so complex would not be 
tolerated by tissues which had already been the seat o f  serious 
disorders, a nd  had no t ye t recovered fro m  an acute in flam m a
tion, aggravating the chronic in flam m ation which p u t  the days 
o f  our p a tien t in danger. Nothing happened. A t the end o f  a few  
days no t only was he relieved, bu t his fever  subsided, his appetite 
increased w ith his physical strength, he raised him self an d  could  
walk about the ward 12 days after operation, a nd  on the twenti
eth day, he visited his fa m ily  fo r  a day on the outskirts o f  Paris. 
Finally, since the operation he had  gained 35 pounds, a nd  his 
health w ould have been excellent had  he not been troubled by 
several recurrences o f  a sm all localized abscess which reformed  
above the epicondyle. We had  to open this sm all abscess on 4 
different occasions. I t had  attacked the lining in several days b u t 
in spite o f  all the care which we gave, a nd  the repeated injections 
attempted: phenol, chloral, oxygenated water, potassium  perm an
ganate, cam phorated naphthol, etc., we could no t dry the fistula  
completely. Such is the case history which we submit.

“Is it o f  a nature to m ake one believe, as Gluck has said, 
tha t foreign bodies as large as those which we have used can 
definitively replace so considerable loss o f  skeletal substance? We 
m ay respond in the affirm ative after seeing the actually surpris
ing result obtained in this patient, i f  it were not fo r  the occasional 
recurrence o f  a sm all abscess 12 m onths after the operation. I t is 
true tha t fro m  this p o in t o f  view  one cannot accuse the prosthesis 
exclusively, since we daily see sm all abscesses follow ing simple 
excision o f  bone in tuberculosis tha t fistu lae are produced, at
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testing to the fa c t tha t the local involvem ent o f  the diaphysis was 
not completely removed. A t the least it is remarkable to see that, 
several weeks after the operation, the p a tien t had regained his 
health, tha t the old fo c i had  disappeared, tha t he had recovered 
m ovem ent in the jo in t, that he could use the extremity fo r  most 
o f  the usual needs o f  his life. To those who consider that in 
a sim ilar case, it w ould have been preferable to im m ediately 
disarticulate a t the shoulder a t the m om ent the p a tien t presented 
him self to us, we reply first that it is entirely the opposite; that 
his state o f  weakness a t tha t tim e was such that he would have 
probably succum bed to so serious an  operation as the complete 
am putation  o f  a limb. Secondly, i f  the resection as extensive as 
tha t which we perform ed w ould no t have been follow ed by recov
ery an d  would no t have allowed the p a tien t to use the extremity, 
the disarticulation w ould have become practical a nd  with less 
danger today.

“Concluding the preceding observations:

1. I t is possible to replace an im portant p a r t o f  the skeleton 
a nd  even an  enarthrodial joint;

2. That this device, to be well tolerated, should be not only 
aseptic, bu t m ade o f  nonresorbable material;

3■ That it is tolerated by the organism when one takes the 
required precautions;

4. It perm its one to substitute fo r  an  im m ediate disarticula
tion when the p a tien t refuses such intervention;

5. Large resections have the advantage o f  preventing the 
destruction o f  the soft parts;

6. Finally that they can be provided w ith a mechanism  
perm itting  the jo in ts  to preserve their movement.”

ARTHROPLASTY OF THE HIP: 
A NEW OPERATION

JOHN CHARNLEY, 1961

“In considering how arthroplasty o f  the hip can be improved, 
two facts stand out: 1. A fter replacement o f  the head o f  the 
fe m u r  by a spherical surface o f  inert material, the failures are 
essentially long-term. A t firs t the p a tien t m ay notice no difference 
between the artificial head a n d  the living one which preceded it. 
Our problem  is to m ake this temporary success perm anent. 2. 
Objectives m ust be reasonable. Neither surgeons nor engineers 
w ill ever m ake an  artificial hip-joint which will last 30  years and  
a t som e tim e in this period  enable the p a tien t to p lay football.

Deductions fro m  P ast Experiences

“The methods fro m  which we have learned m ost are those 
o f  Smith-Petersen a n d  Judet.

“The Smith-Petersen m ethod was a refinem ent o f  the oldest 
o f  all fo rm s o f  arthroplasty, in which a membrane, or some kin d  
o f  tissue, is interposed between the head o f  the fem u r  and  its
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♦ John Charnley (1911-1982)

Anyone who thinks that Charnley had a good idea one afternoon and reaped the 
rewards for the rest of his life should read the excellent biography by W illiam  
Waugh. Charnley was a man consumed by hip arthroplasty. He wrote in his entry 
in Who's W ho: "Recreation— O ther than surgery, nothing'.

Charnley grew up in the industrial north of England. His father ran a drugstore 
and his mother was a nurse. He won medals at Manchester Medical School and 
then trained in General Surgery until the outbreak of World W ar II. He volunteered 
and was posted as medical officer to the disastrous evacuation from the beaches 
of Dunkirk. He later served in Egypt, became an orthopaedic specialist, and was 
given charge of an orthopaedic workshop, inventing an adjustable fracture brace.
He never had any training in engineering but always had a workshop where he 
created prototypes. In the Army, he gained much experience of trauma. After his 
demobilization, he went to an Orthopaedic Hospital to learn the rest of orthopae
dics in 6 months before he became a staff orthopaedic surgeon. In 1948, he was 
one of the traveling fellows to North America. At one time he was encouraged to 
move to the United States, but he did not think that he would be so free to try out 
new methods of treatment on human beings.

In 1950, The C losed Treatment o f  Common Fractures was published. This is 
still good reading because it details the principles of reduction— usually left unex
plained, to residents. In 1953 came Compression Arthrodesis, which described the 
basic science of bone healing and new operations. In the preface, he wrote "H ow  ^  John Charnley (1911-1982) 
like the captain of a windjammer is an orthopaedic surgeon: daily he is pestered 
by his patients to say when they might reasonably expect to arrive at their longed- 
for destination: how expert he becomes at evading the question". Although consid
ered one of the great books of orthopaedics, the sales in 2 years were only 800 
copies. Today no publisher would have taken this on. He wrote a lot of papers, 
letters to journals, book chapters for medical students, and book reviews. He did 
general orthopaedics and was trying to focus on the hip.

He probably tried hip arthroplasty in 1946, when Judet's method became 
known, but gave it up in favor of arthrodesis. He began to think about joint 
lubrication and friction after a patient reported that his hip squeaked so loudly after 
a Judet prosthesis had been implanted that his wife had to leave the room.
Charnley's experiments showed that cartilage was more slippery than ice, and he 
looked for a plastic with the same properties. In the mid fifties he started to test 
Teflon (polytetrafluoroethylene) and implanted some double cups that failed. He 
went on to cement in a Moore's femoral head prosthesis and press fit a Teflon 
acetabulum. To decrease friction further, he made the head smaller.

He married at the age of 46 years. A  few years afterwards his w ife , J ill, had 
sciatica, and he operated on her disc with complete success.

When he was 49 , in 1959, the Centre for Hip Surgery was opened at Wrighting- 
ton. He studied every step of joint replacement methodically— materials, design, 
wear, infection, technique— nothing was left unscrutinized. He followed his patients 
to the grave. In 1960 he reported on 97 low-friction arthroplasties. The results were 
dramatic. By 1962, 452 hip operations of various kinds were done. Then disaster 
hit. The Teflon wore badly and produced granulomas. Charnley became profoundly 
depressed. There was nothing he could offer the patients. At this point a technical 
representative came in with a sample of high density polyethylene that was used 
to make gears. Charnley had no time for him and walked out. His workshop 
manager, Craven, thought he would put the high density polyethylene on the wear 
testing machine anyway. After 2 days it showed minimal wear. After more tests,
Charnley could say "W e were on again". The first high molecular weight polyethyl
ene hip went in in November 1962. The operation gradually became routine.

When I visited in 1964, the greenhouse and the multiple trays were already in 
place. The records were standardized and there were patients everywhere. Charnley 
retired at the age of 64 and went to work in a private c lin ic , carried on his research, 
and wrote his book, Low  Friction Arthroplasty o f  the Flip, which was published in 
1979. He was knighted. He died of a myocardial infarct— still working— in 1982.

His achievement should be considered in the light of the fact that he did no 
animal research, he did no randomized controlled trials, and he was not in a 
University. He should have had a Nobel Prize.



48 Chapter 2 ♦ Adult Hip

♦ Marius Smith-Petersen 
(1886-1953)

♦  Robert Judet

Robert and Jean Judet were brothers, 
sons of an orthopaedic surgeon, and 
they dominated French orthopaedics 
during the postwar period with their 
strong personalities and interesting 
ideas.

♦ Marius Smith-Petersen 
(1886-1953)

Born in Norway, he was 17 when he arrived in the United States. He graduated 
in medicine at Harvard and eventually became chief at Massachusetts General 
Hospital. He was a perfectionist, singleminded, a slow and meticulous surgeon, 
with a great capacity for friendship.

As a resident he was appalled by the blood loss that occurred during exposure 
of the hip joint, and this led to the anterior Smith-Petersen approach to the hip in 
1917, which is used to this day, and to the triflanged nail in 1925.

Arthroplasty of the hip seemed to yield poor results in his view . He saw that a 
piece of glass embedded as a foreign body in a child produced a smooth shiny 
membrane, and this stimulated the cup arthroplasty. Starting with glass, he tried all 
kinds of materials until he settled on Vitallium . Vitallium arthroplasty had enough 
drawbacks to prevent it from becoming universally popular, but it had a lifetime of 
30 years.

He made a lot of fusions of the sacroiliac joint for back pain. Osteotomy of 
the spine for flexion deformity due to ankylosing spondylitis was a bold operation 
he invented. During a sleepless night on a train, traveling back from a clin ic filled 
with failed hip fractures, the idea of a triflanged nail occurred to him. This would 
fix the fracture and prevent rotation.

He never retired.

socket. A m etal cup, loosefitting a n d  polished, was placed between 
the fem ora l head a nd  the acetabulum, after the fem oral head  
had  been reduced in size a nd  the acetabulum  had been enlarged 
by removal o f  the eburnated lining. The polished hemispherical 
surfaces o f  this m etal cup induced changes in the fibrous tissue 
on the exposed surfaces o f  cancellous bone, which were trans
fo rm ed  into a fo rm  o f  articular cartilage.

“Smith-Petersen repeatedly em phasized tha t the m oving parts  
should be m ade to f i t  loosely together; in no sense, therefore, 
could the mechanical arrangem ent a t the fin ish  o f  this operation 
be regarded as a mechanically stable ball-and-socket joint. The 
fem ora l head inside the cup is capable o f  slight displacement, 
and  the cup also is capable o f  displacement inside the socket. In  
course o f  tim e the spaces between the cup a nd  the fem ora l head  
a nd  the cup a nd  the acetabulum  become filled  w ith fibrocartilag
inous m aterial a nd  the hip can thus become stable; b u t unfortu
nately the periarticular soft tissues often become thick a nd  stiff, 
a nd  mobility is lost.

“In the Judet operation the head o f  the fe m u r  is replaced by 
a prosthesis bearing a polished hemispherical surface. In  the 
original Judet operation the prosthesis was like a  gigantic tintack 
w ith a hemispherical bead a n d  it was fixed  to the fe m u r  by 
driving the spike down the center o f  the stum p o f  the fem oral 
neck. The jo in t  fo rm ed  by this procedure was much more stable 
than tha t fo rm ed  by the Smith-Petersen procedure, because a 
prosthesis was chosen which was a close f i t  in the acetabulum. 
Very soon afterwards m any patients could perform  circumduc
tion o f  the hip under fu l l  muscle control, against the force o f  
gravity a nd  w ithout pain.

“The capacity o f  the living organism to react favorably to 
sound  m echanical design, a nd  its capacity to reveal incipient 
m echanical fa ilure by deterioration o f  function, even before the 
appearance o f  fra n k  pain , is a fu n d a m en ta l guide in developing 
any arthroplasty.
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“The starting-point o f  the present research was the well- 
know n observation that after the Judet operation the hip som e
times squeaks. This does n o t last more than a fe w  weeks an d  the 
fin a l result is neither better nor worse than in cases w ithout a 
squeak. In our experience the squeaks have occurred in the hips 
o f  osteoarthritics, bu t never when the acetabulum  was lined with  
norm al articular cartilage as in the treatm ent o f  subcapital 
fractures o f  the neck o f  the femur.

“A squeak indicates tha t frictiona l resistance to sliding is so 
high tha t the surfaces are seizing together. Hence it seemed likely 
that the plastic o f  the original Judet prosthesis had  adverse fr ic 
tional properties when sliding against the bare bone encountered  
in an osteoarthritic acetabulum. It seemed possible, too, tha t the 
cessation o f  squeaking m ight be a sign not o f  improved lubrica
tion bu t o f  loosening o f  the attachm ent o f  the prosthesis to the 
neck o f  the femur. In  these circumstances the head o f  the prosthe
sis would be stationary in the acetabulum  a nd  all m ovem ent 
would be taking place between the fem ora l neck a n d  the stem or 
spike by which it was originally attached to the bone. Clearly, the 
mechanical bond between the prosthesis a nd  the neck o f  the 
fem u r  could be broken by a twisting strain, or torque, resulting 
fro m  high frictiona l resistance to the turning o f  the prosthesis in 
the acetabulum. I f  there were no such frictiona l resistance, the 
mechanical a ttachm ent to the fem ora l neck would be spared any  
such strains.

Laboratory Experim ents

“I  could fin d  only two references to measurem ents o f  the 
coefficient o f  friction  o f  norm al an im al joints, an d  m y own  
experiments closely confirmed the figure o f  p  = 0.02 reported by 
Jones, w ith the possibility that in certain conditions p  m ight be 
much less than this. For a skate sliding on ice, p  has been 
estim ated a t 0.03, which indicates that an an im al jo in t  is rather 
more slippery than ice. Engineering science know s no way o f  
approaching such low figures fo r  p  in a “p la in ” bearing when  
the application concerns reciprocating motion, a t slow speeds, 
a nd  under heavy loads. Nature has solved completely the m ost 
difficult set o f  lubricating conditions which ever face the engineer.

“These investigations on lubrication suggested tha t synovial 
f lu id  is no t an  essential lubricant b u t rather a product o f  the 
activity o f  jo in ts—a view taken fo r  granted by Sir A rthur Keith 
in 1919- Emphasis was transferred fro m  the synovial f lu id  to the 
properties o f  articular cartilage, a nd  attention was draw n to the 
engineering concept o f  “boundary lubrication” between dry solid 
surfaces, or between solid surfaces separated by a film  o f  f lu id  
too thin to behave as a fluid. A boundary lubricant reduces 
friction by entering into physicochemical com bination w ith the 
surfaces, a nd  dim inishes the free  molecular attraction which m ay  
seize the surfaces together. Hence there m ust be a physicochemical 
affinity between the lubricant a nd  the solid m aterial o f  the

Joint Lubrication
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rubbing surfaces; the lubricant is effective only w ith certain 
com binations o f  solids. Even i f  synovial f lu id  is a lubricant in 
an an im al jo in t, it will not necessarily lubricate a prosthesis.

“This was confirmed by experim ent on the effect o f  ox syno
vial flu id  on the frictiona l resistance between steel and  bone and  
between ‘Perspex’ a nd  bone. The coefficient o f  friction fo r  plastic 
and  steel against bone, m oistened w ith ox synovial fluid, was 
high (p  =  0.4). On the other hand, when the plastic or steel was 
tested against norm al articular cartilage, the frictiona l resistance 
was alm ost as low as in a norm al jo in t  (p  =  0.02).

Prosthesis and Socket
“These investigations indicated that to give an  artificial hip- 

jo in t  the sam e k in d  o f  slipperiness as a natural jo in t, we should  
need a substance w ith a low coefficient o f  friction  which a t the 
sam e tim e could be tolerated in body tissues. For this purpose I  
chose polytetrafluoroethylene—a plastic which looks not unlike 
articular cartilage (being white a n d  semitranslucent, a nd  capa
ble o f  being cu t w ith a knife) a n d  is chemically the m ost inert 
plastic so fa r  discovered.

“The first idea was to use this low-friction material as ‘syn
thetic articular cartilage.’ I  lined the eburnated acetabulum  o f  
the arthritic hip-joint w ith a thin shell o f  polytetrafluoroethylene 
a n d  covered the reshaped head o f  the fem u r  w ith a hollow cup 
o f  the sam e m aterial firm ly  pressed into position. The absolute 
relief o f  pain, a n d  the range o f  active m ovem ent under muscular 
control, were impressive in the first 3 months; bu t the m ost 
conservative fea ture o f  this design was its undoing. Adhering to 
the conservative principle which Smith-Petersen called ‘conserva
tion o f  stock,’ I  had retained the fem ora l head and  refashioned it 
as a spigot on which to press the inner plastic sphere; bu t this 
resulted in ischemic necrosis o f  the bone inside the inner sphere. 
As soon as the early good fu n c tio n  started to fail, radiological 
exam ination always indicated tha t the head o f  the fem u r  was 
necrotic a nd  was becoming loose inside the inner sphere. The 
poor results o f  this k in d  o f  prosthesis thus resembled the poor  
results o f  the Smith-Petersen cup.

Cementing the Prosthesis to the Femur
“My next step was to replace the head o f  the fem u r  with a 

metallic prosthesis in com bination w ith a low-friction plastic 
socket. I  had  fo r  som e tim e been interested in improving the 
m echanical bond between prosthesis a nd  bone, by using a ce
m en t to transfer the weight o f  the body fro m  the metallic stem o f  
the prosthesis uniform ly to the cancellous bone o f  the interior o f  
the neck a n d  upper end o f  the fe m u r  (Charnley, 1960). My object 
was to get over the defect o f  the Moore a nd  Thompson types o f  
prosthesis, which is tha t they have no resistance against stresses 
tending to tw ist them in the m edullary cavity on its long axis. 
(Twisting forces o f  this k in d  will in particular be experienced 
when a p a tien t is rising fro m  a sitting position with the fem oral 
shafts horizontal.) In  3 patien ts in w hom  the arthroplasty was
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reexplored, because o f  m echanical defects in the socket, I  fo u n d  
tha t the cem ented prosthesis h ad  rem ained absolutely rigid in 
the fem u r  after taking the fu ll  weight o f  the body during 10 or 
11 months. Furthermore, experience o f  over 2  years, w ith more 
than 100 patients, led m e to believe that, as regards infection, 
this technic is sa fer th a n  the o rig ina l one. In fec tion  o f  an  
arthroplasty will probably start w ith multiplication o f  bacteria 
in blood-clot w ithin the cavity o f  the joint. I f  the prosthesis is 
loose in the medulla, the infection will be p u m p ed  into the 
medullary canal a t every muscular movement. B u t where the 
prosthesis is cemented in position I  im agine tha t the jo in t  m ight 
contain pus, a n d  the stum p o f  the fem ora l neck m ight be bathed  
in pus, w ithout any spread o f  infection to the m edullary canal.

Design o f  the Socket

“Though the results o f  using the arrangem ent previously  
m entioned were gratifying, it was po in ted  ou t to m e tha t the best 
engineering practice ivould be to use the smallest diam eter o f  
ball which would cope w ith the expected load. Up to then I  had  
used a standard Moore prosthesis w ith a ball 1 5 /8  inches in 
diameter, believing th a t polytetrafluoroethylene, being a rela
tively soft material, would wear longer i f  the load p er  u n it area 
o f  bearing surface were the smallest possible. The recomm enda
tion o f  m y engineering colleagues enabled m e to m ake a big 
im provem ent in the anchorage o f  the plastic socket in the bony 
acetabulum. Resistance to m ovem ent o f  the head in the socket is 
greatly reduced by reducing the radius o f  the ball a nd  therefore 
reducing the ‘m om en t’ o f  the frictiona l force. I f  a t the sam e time  
the radius o f  the exterior o f  the polytetrafluoroethylene socket is 
m ade as large as possible, the ‘m om en t’ o f  the frictiona l force  
between socket a nd  bone will be increased, a nd  this will lessen 
any tendency fo r  the socket to rotate against the bone. The sm all 
rem aining shearing force can be resisted easily by the fibrous  
tissue occupying the deep irregularities on the outer surface o f  
the socket.

Present Operation
“The operation is perform ed through a lateral exposure by 

elevating the great trochanter. A t the end o f  the operation the 
trochanter is reattached to the outer surface o f  the fe m u r  in order 
to enhance the leverage o f  the abductor muscles. Though this 
delays rehabilita tion , it is o f  p a ra m o u n t im portance in  p re
venting adduction, external rotation, a nd  dislocation.

“When the head o f  the fe m u r  has been resected, the acetabu
lum  is deepened a nd  then ream ed w ith special tools to an  exact 
diam eter fo r  receiving the polytetrafluoroethylene socket. To en
hance the precision o f  the reaming, the sequence o f  tools all 
operate on a 1/2- inch p ilo t hole which is m ade in the center o f  
the floor o f  the acetabulum, the exact center being fo u n d  by a  
self-centering device. The polytetrafluoroethylene socket carries a 
spigot 1/2  inch in diam eter which engages w ith the p ilo t hole 
and  ensures correct orientation. The socket is ham m ered into the
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acetabulum  w ith a punch, its external surface being deeply ser
rated to receive the ingrowth o f  fibrous tissue or bone.

“The prosthesis carries a  head which a t present is no more 
than 7/8  inch in diameter. Several lengths o f  neck are available, 
so tha t during the operation the one which best suits the depth 
o f  the socket can be chosen.

“After a trial reduction has shown that everything is satisfac
tory, the prosthesis is cemented in position an d  the great trochan
ter is reattached with wire. The p a tien t is splinted w ith the leg in 
abduction fo r  3 weeks, a n d  is allowed to take fu ll  weight on the 
hip 5 weeks after the operation. Recent experiences suggest that 
plaster is no t essential.

Results So Far
“Though m y experience o f  using polytetrafluoroethylene fo r  

arthroplasty o f  the hip extends over 3 years, the technic in its 
present fo rm  has been in use only since January, I960. Since 
then 9 7  hips have been operated on. There have been no deaths, 
except a coronary occlusion 6  weeks after operation, a nd  the 
only serious complication encountered has been deep venous 
thrombosis.

“While the long-term results are still awaited, the m ethod has 
been restricted to cases o f  gross disablem ent by (1) rheum atoid  
arthritis, (2) severe osteoarthritis in  patients over 65, a nd  occa
sionally (3) bilateral arthritis in m iddle age. The only disappoint
ing results have been in very difficult ‘salvage’ cases where the 
absence o f  norm al structures m ade it impossible to carry ou t a 
technically sound  procedure. With one exception, the only cases 
o f  infection have been those in which there have been previous 
attempts a t arthroplasty by other methods.

“On removal o f  the splints, after 3 weeks, m ost patients can 
execute a “straight-leg raise” a nd  have no pa in  or spasm on 
passive movement. A fter a week ou t o f  plaster, they have recov
ered the pre-operative range o f  movement. I f  the hip has pre
viously been very s tiff  the fin a l range m ay be no greater than 30  
degrees, bu t it will be painless a nd  under m uscular control. The 
average stay in  hospital is 8  weeks, a nd  before they go hom e 
m ost pa tien ts can w alk the length o f  the ward w ithout sticks and  
with only a slight limp.

“As regards wear a nd  tear o f  the socket, working against the 
m etal head o f  the prosthesis, close scrutiny o f  the radiographs o f  
patients who have been transm itting the fu l l  weight o f  the body 
through this im plant fo r  10 m onths has shown negligible wear. 
The stresses im posed on the hip-joints o f  patients disabled by 
arthritis are only a fraction  o f  those borne by the hip-joints o f  
norm al subjects or athletes: bu t even i f  the m ethod should prove 
unsuitable fo r  robust patients in m iddle life, it m ay have a 
p erm a n en t place in  the treatm ent o f  the rheum atoid  a nd  elderly, 
fo r  w hom  it is particularly suitable because it requires alm ost no 
rehabilitation. Even in  the early stages there is no p a in  on move
ment, a nd  the procedure is therefore appropriate fo r  subjects with  
the p oor muscles a nd  relatively feeble morale which so often 
accompany long-continued ill-health or old age.”
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Excision Arthroplasty

Girdlestone’s name is given to this salvage operation. He was 
following a long line of surgeons who excised infected joints in 
the preantibiotic era, w hen infection was almost impossible to 
eradicate.

Excision of the hip for infection could be a lifesaving opera
tion, but operating for deformity, in the days before infection 
control, was to take a big gamble. Operating for deformity started 
in 1822 with Anthony White in London. By 1876, the literature 
contained descriptions of 472 operations, with a mortality of 44%.

Ironically, Girdlestone wrote up the operation in 1943, just as 
penicillin began to be manufactured, and his operation was later 
modified for use in osteoarthritis. Girdlestone was dissatisfied with 
the results of treating chronic hip infections; many were old World 
War I gunshot wounds. The operation he described was designed 
to saucerize the acetabulum to permit healing. He made a trans
verse incision just above the greater trochanter and removed most 
of the gluteus medius and greater trochanter.

“The whole upper and  outer aspect o f  the capsule o f  the hip 
lies exposed. The capside a nd  synovia are removed a nd  the 
underlying portions o f  the neck, head, a nd  acetabular rim  are 
seen. The neck is then divided near its base by a  1 1/2 in. chisel, 
a nd  the fem ora l head removed. The removal o f  the head is 
greatly facilitated (as it is also in  perform ing pseudarthrosis fo r  
osteoarthritis) by the oblique removal o f  the upper acetabular 
rim by a 1 1 /2  or 2  in. gouge o f  suitable curvature. All the

♦ Gathorne Robert Girdlestone (1881-1950)

He went to work as a general practitioner close to the Orthopaedic Hospital at 
Oswestry. Robert Jones visited the nearby hospital, and Girdlestone quickly came 
under his spell and became an orthopaedic surgeon. In World War I he was sent 
to Oxford where the general hospital became more and more of an orthopaedic 
hospital for the wounded. Following the war, he and Robert Jones proposed a 
national scheme to care for crippled children based on army organization. Outside 
Oxford was a large automobile factory run by a man who had started making 
bicycles, W illiam  Morris (Lord Nuffield). One day Nuffield was anesthetized by Dr 
Macintosh for dental work, the same anesthetist who worked with Girdlestone. The 
three men started to play golf together. After one game that Girdlestone won, 
Nuffield asked "W hat were we playing for?" Girdlestone named an amount that 
would pay for his new Hospital. Nuffield wrote out the check.

Girdlestone was a man with strong religious convictions and organizational 
skills. The Oxford program allowed him to put into operation a plan for the 
comprehensive care of the crippled child. There were peripheral clin ics and outpa
tient services with a central hospital and research facility. Girdlestone had no 
children—the Hospital was his family.

He wrote a book on tuberculosis of the bone, and there is a biography of him 
by Trueta.

The operation of resection of the femoral head and lip of the acetabulum is 
named after Girdlestone, and it remains the end of the line for hip patients. (In 
fact, joint resection was one of the first orthopaedic operations to be invented, and 
if it is known after anyone it should be Charles White of Manchester, who proposed 
the operation in 1769, or PF Moreau, who reported joint excision in 1782, or 
Anthony White of London who did it in 1822).

In 1940, Girdlestone resigned but wanted to continue his academic work. 
Herbert Seddon was appointed, and the two quarrelled until Seddon left for London 
in 1948. Trueta then took over the Chair.

♦  Gathorne Robert Girdlestone 
(1881-1950)
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cartilage is gouged or scraped ou t o f  the acetabulum  a nd  the 
rotten bone curetted. I t is the rule in this operation to leave no 
cartilage, no diseased bone, no dead tissue an d  no dead spaces. 
The erasion [sic] o f  the acetabulum  should leave raw surfaces o f  
vascular cancellous bone.

“The incisions are analogous to the firs t cuts in a shoulder 
or leg o f  mutton.

“After removal o f  the head a n d  m ost o f  the neck, upward  
displacement o f  the fe m u r  in relation to the innom inate m ust 
n o t be perm itted, fo r  such m ovem ent w ould close the opening, 
spoil the saucerization, a nd  bottle neck the acetabulum. The 
position is m ain ta ined  by fixed  traction on a frame."

Hip Osteotomy

♦ Sydney Alan Stormer Malkin 
(1892-1964)

A pioneer of hip osteotomy for os
teoarthritis. Nottingham, in the in
dustrial heartland of England, was 
known for its slums and poverty at 
the turn of the century. In 1906, the 
Duchess of Portland started the Not
tingham Cripples Guild , which be
gan w ith a c lin ic  and her Ro lls- 
Royce as transportation. She found 
someone who would build an 80- 
bed hospital for free and soon after
ward Malkin, who was a product of 
the Shepherd's Bush Military Hospi
tal, was appointed as Surgeon. The 
hospital subsequently became Har
low  W ood O rthopaed ic H ospita l. 
Here Malkin developed osteotomy 
for osteoarthritis of the hip and knee.

W hile President of the British 
O rthopaedic Association in 1948, 
he started the ABC traveling fellow
ships.

Today osteotomy is used for younger patients to improve hip 
coverage. In the past it was used to relieve improved congruity, 
decrease loads across the hip, or reduce deformity while preserving 
the range of motion. There was a certain mystique attached to 
reasons for the benefits noted—did cartilage heal? Was it a vascu
lar effect?

THE McMURRAY OSTEOTOMY FOR 
OSTEOARTHRITIC HIP, 1929

“For osteo-arthritis the au thor has used oblique osteotomy. 
After division o f  the shaft o f  the bone, the upper sharp end o f  the 
shaft o f  the fe m u r  is transferred inw ard until its upper inner 
border lies directly under the cotyloid ligam ent o f  the acetabu
lum.

“The operation is perform ed w ith two objects in view: first, 
the transference o f  som e o f  the body weight fro m  the pelvis 
directly through the shaft o f  the femur, thus relieving the hip- 
joint; and, second, the rotation o f  the head o f  the femur, so that 
in  weight-bearing a new  portion o f  the articular surface takes 
the rem aining weight."

The McMurray osteotom y. An an
swer to osteoarthritis before joint re
placement. The idea was that defor
mity was corrected, a new  part of 
the head was exposed to wear, the 
pressure was reduced, and hypervas
cularity stim ulated repair. Fixation 
was later added. The results were 
unpredictable and poor. (A) Oblique 
osteotom y show ing site  o f o s te o t
omy. (B) Showing position of frag
ments after successful oblique oste
otomy. From M cM urray TP: A 
Practice of Orthopaedic Surgery, 3rd 
ed. London: E. Arnold, 1949, Fig. 18, 
72 a, b. Reproduced with permis
sion.
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The operation could easily be performed in 10 to 15 minutes, 
McMurray writes. After the operation the position was held in a 
cast for 4 months. He expected to retain 50% of hip movement.

flip lr»‘cictm‘es

I f  he escapes with his life he has to be content with loss of func
tion. Bissell, 1903

A lot was known about hip fractures because they were so 
often fatal and could be studied in the autopsy room. They are not 
hard to diagnose in the absence of radiographs, but separating 
trochanteric fractures, which would unite, from intracapsular frac
tures, which would not unite, had to wait not just for the discovery 
of X-ray in 1897 but for machines good enough to take a lateral 
radiograph of the hip.

Although today hip fractures are treated by internal fixation, 
intracapsular fractures used to be treated by rest until the pain 
decreased enough to permit resumption of activity. Extracapsular 
fractures were treated with traction and casts.

♦  Thomas Porter McMurray 
(1887-1949)

He came from Belfast in Northern 
Ire land and w orked w ith  Robert 
Jones in Liverpool, where he spent 
the rest of his life. He was a speedy 
surgeon and could take out an entire 
meniscus with the posterior horn in 
5 minutes.

He gave his name to a test for 
a torn meniscus and to femoral oste
otomy for osteoarthritis of the hip.

This was a different age— for the 
last 20 years of his life he did not 
use a plate or screw or pin.

He was largely responsible for 
running the Master of Orthopaedic 
Surgery course from its beginnings 
in 1921. He was President of the 
British Orthopaedic Association and 
would have been President of the 
British Medical Association if he had 
not died of a heart attack in Ealing 
Broadway Station.

Before the use of internal fixation for hip fractures, they were treated by bed rest, 
by traction, w ith huge splints like this, or w ith plaster casts. This is the Grand 
Appareil of Bonnet, used for fractures but mostly for tuberculosis of the hip (1845).



56 Chapter 2 ♦ Adult Hip

Reduction of a fracture of the femoral neck—the Whitman technique of forced 
abduction before application of the cast. From Scudder in  1922.

TIMELINE OF HIP FRACTURES
1575 Ambroise Pare describes intracapsular fractures and says that 

they go on to nonunion because they are bloodless.
1822 Astley Cooper says of intracapsular fractures, “I have never 

met with one in which bony union had taken place.” He did 
animal experim ents—intracapsular fractures w ent to non
union while extracapsular fractures united.

1850 B. R. C. Langenbeck, inventor of the retractor, nailed a hip 
fracture.

1870 Langenbeck’s ivory pegs failed.
1878 Konig: first successful open reduction with internal fixation 

for hip fracture.
1883 Senn’s experiments on animals with hip fractures show that 

the union rate is better with internal fixation than with cast. 
However, he meets with such opposition that he continues 
to treat patients w ith a cast.

1898 Broeckmann and Gillette use open reduction and bone peg.
1898 Gillette’s ivory pegs
1904 W hitman’s plaster is the standard.
1907 Delbert begins to use closed reduction and screw fixation 

using only an anteroposterior radiograph and a jig.
1912 Albee: open reduction and bone peg
1914 Preston adds a side plate to a screw to prevent varus.
1922 Martin and King of New Orleans introduce closed fixation 

with nail and X-ray.
1930 Hey Groves uses bone pegs.
1930 Commission on hip fractures.
1931 Smith-Petersen uses a triflanged nail combined with open 

reduction.
1932 Leadbetter devises a m ethod of closed reduction.
1932 Westcott of Virginia performed closed nailing with a solid 

triflanged nail.
1932 Sven Johansson uses a cannulated nail and closed reduction. 

Although various kinds of nail had been tried for 30 years,
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the results were not good enough to be generally used. The 
cannulated triflanged nail and closed reduction captured the 
imagination of most orthopaedic surgeons.

1934 Thornton bolts a plate onto a triflanged nail to prevent varus.
1935 Telson and Ramsohoff: multiple thin pins
1936 Knowles’ pins
1937 Moore’s pins
1941 Jew ett’s one-piece nail plate
1955 Pugh’s sliding nail plate
1957 Charnley’s compression hip screw

A CLINICAL CASE 

ASTLEY COOPER, 1822

“The transverse fracture o f  the cervix fem oris w ithin the 
capsular ligam ent does no t unite by bone. This is a m ost essential 
p o in t as the reputation o f  the surgeon hinges upon it.

“I  was called to a  case o f  this fracture in which the medical 
attendant had  been promising, week after week, a union o f  the 
fracture, an d  the restoration to the p a tien t o f  a sound a nd  useful 
limb. After m any weeks the person became anxious fo r  fu rther  
advice; I  did  all in m y pow er to lessen the impression which the 
mistake o f  this gentlem an had  made, by telling the p a tien t she 
m ight ultim ately walk, although w ith som e lameness; a nd  taking  
the surgeon into another room, asked him  upon w hat grounds 
he was led to suppose there w ould be union; to which he replied 
he was no t aware b u t tha t the fracture o f  the neck o f  the thigh
bone w ould unite like those o f  other bones o f  the body; the case, 
however, proved unfortunate fo r  his character.

“Young medical m en fin d  it so m uch easier a task to specu
late than to observe, that they are too ap t to be pleased with  
some sweeping conjecture, which saves them the trouble o f  ob
serving the processes o f  nature.

“Nothing is know n in our profession by guess. There is no 
short road to knowledge.”

EXPERIMENTAL HIP FRACTURES

NICHOLAS SENN, 1883

Senn noted that for centuries the books had said that unim
pacted intracapsular fractures would never unite. But he found that 
when these fractures were held in accurate contact they healed by 
callus, providing the scientific basis for current treatment.

“In the anim als the fracture was produced by m aking  m ulti
ple punctures w ith a small drill through the neck o f  the fem u r  
entirely w ithin the lim its o f  the capsular ligam ent a n d  fracturing  
the balance o f  the bone by forcibly rotating the fem u r  inwards.

♦ Sir Astley Cooper (1768-1841)

He was apprenticed to his uncle and 
w ent on staff at G uy 's H osp ita l, 
where he developed a large prac
tice. W hy was he knighted? Because 
he removed a sebaceous cyst from 
the king, George IV.

He described disarticulation of 
the hip (Lancet 16 Jan 1828) and 
used catgut to tie vessels. He is best 
known for his Atlas o f Fractures. He 
believed that non-union of the fem
oral neck was due to poor blood 
supply.

♦  Nicholas Senn (1844-1908)

Born of Swiss parents in W isconsin, 
he studied in Chicago and became 
Professor at Rush Medical College. 
He was energetic. He served in the 
Spanish A m erican  W ar, becam e 
President of the American Medical 
Association, and was Chairman of 
the editorial board from the very be
ginning of the journal Surgery, Gy
necology and Obstetrics, in addition 
to writing many books and papers.

He did m any anim al e xp e ri
ments on fractures of the neck of the 
fem ur and proposed nailing intra
capsular fractures in 1883, but he 
rece ived  such a hostile reception 
that he was forced to continue to 
use casts for treatment.



58 Chapter 2  ♦ Adult Hip

“Twenty three fractures thus produced were treated on the 
expectant plan, or by simple fixa tion  with a plaster o f  Paris 
dressing. The anim als were killed fro m  4 weeks to 3 m onths after 
fracturing the bone. In none o f  them was I  able to fin d  any 
evidences o f  bony union. Discouraged by the m any failures, I  
fina lly  resolved to secure accurate coaption o f  the fragm ents by 
drilling a hole fro m  the trochanter m ajor through the entire 
length o f  the neck an d  well into the head a nd  fastening the 
fragm ents together w ith an aseptic iron, bone, or ivory nail. 
Eight such experiments were m ade on cats. In two, suppuration  
follow ed the operation. In  the rest, bony union  or union by 
an  exceedingly short ligam ent w ithout any displacement was 
obtained.”

TREATMENT OF FRACTURES OF THE NECK 
OF THE FEMUR BY INTERNAL FIXATION

M. N. SMITH-PETERSEN, 1931

“In 1931 a m ethod o f  internal fixa tion  o f  fractures o f  the 
neck o f  the fe m u r  by m eans o f  a  flanged  nail was published by 
the author. A series o f  24 cases treated over a period o f  6  years 
was reported. This trial period  was deem ed sufficient to justify  
publication o f  experience gained a nd  results obtained. A new  
m ethod o f  treatm ent is never perfect a t the tim e o f  its inception 
b u t it improves as errors are eliminated; a t the tim e o f  the 
publication we d id  no t fee l that the m ethod o f  introducing the 
nail had  been perfected since it was an  extensive procedure, 
requiring wide experience w ith hip jo in t  surgery; this necessarily 
lim ited its usefulness. Results obtained, however, were fa r  supe
rior to those obtained by other methods in our clinic.

“After publication we continued the open reduction because 
the operative findings were such tha t closed reduction seemed  
doom ed to fa ilure in m any cases. Interposition o f  synovia, cap
sule or fragm ents o f  bone was interpreted as a barrier to bony 
union. Later developments proved us to be wrong in this conclu
sion. Apparently the principle o f  the nail appealed to surgeons in 
different parts o f  the world b u t no t the m ethod o f  insertion. 
Modifications, simplifying the surgical procedure, soon appeared 
in the literature a nd  excellent results were reported. Westcott o f  
Roanoke, Virginia, advocated closed reduction, followed by nail
ing through subtrochanteric incision, using protractors a n d  ante
roposterior x-ray film s to guide the course o f  the nail. He reported 
a very successful series. Johansson o f  Gothenburg, Sweden, intro
duced a centrally cannulated nail which was threaded over a 
Kirschner wire introduced under roentgenographic control by 
m eans o f  a  rather complex instrum ent o f  precision. Again a 
series o f  excellent results was reported. King o f  Melbourne, Aus
tralia, independently o f  Johansson, proposed the use o f  a centrally 
cannulated nail, two wire guides being introduced under the 
fluoroscope. He also reported a successful series. The interesting 
p o in t about these three pioneers in  the fie ld  o f  closed reduction, 
follow ed by nailing through a sm all lateral incision, is tha t they 
all depended upon roentgenographic control.
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The Nail

“The nail seemed an  ideal m eans o f  fixation; it displaced a 
m in im um  a m o u n t o f  bone a n d  effectively prevented m otion in 
all planes. However, substitutes fo r  the nail, in the fo rm  o f  wires, 
pins, screws a nd  bolts soon appeared; their m ethod o f  introduc
tion was said to be simple, they apparently im m obilized the 

fracture, a nd  good results were reported. No procedure fo r  inter
nal fixa tion  o f  fractures o f  the neck o f  the fe m u r  should be 
termed ‘sim ple’; it m ay appear so to the originator, b u t the novice 
will always fin d  it complex. Hs to their efficiency: The mechanical 
principle o f  the na il is sound, more sound  than tha t o f  any o f  
the substitutes.

“As to the good results reported: Bony union  in fractures o f  
the neck o f  the fem u r  sometimes does no t occur fo r  a year or 
even more than a year. Roentgenographic evidence in this respect 
is unreliable. There is little or no external callus, a n d  the a m o u n t 
o f  internal callus is difficult to estimate; more than once have we 
interpreted roentgenograms as showing bony union, w ithdrawn  
the nail, a n d  obtained nonunion. In  2  cases this occurred over a  
year follow ing operation.

“The serious objection to the nail has been raised tha t it slips 
out or becomes extruded into the soft parts in the subtrochant
eric region.

Should the Open Reduction Be Abandoned?
“After publication o f  the first 24 cases, encouraged by our  

results, we continued using the open reduction in 2 6  more cases. 
The results were n o t quite so good as in the original series: In  
only 70 p er  cent was bony union obtained, although fu nction  
was m ost satisfactory, h i the total series o f  50  cases, 12 were old, 
ununited  fractures a t the tim e o f  operation; duration o f  non
union varied fro m  6  to 24  months. In  9  or 75 p er  cent, o f  
these, bony union w ith excellent fu n c tio n  was obtained by open 
reduction a nd  nailing. The average age was 45 years, consider
ably younger than in the fresh fracture cases. Just one case is 
reported to illustrate this series:. . .

“In  cases o f  nonunion, w ithout absorption o f  the neck, the 
open reduction is necessary in order to remove scar tissue a nd  
to freshen fracture surfaces; the nailing procedure is justified  by 
the results obtained in  a  relatively high percentage o f  cases. The 
operation is extremely difficult a nd  lengthy; it should n o t be 
undertaken in  the aged.

Present Technique o f  Inserting Nail
“The procedure used in our clinic a t the present tim e is a 

com bination o f  the technique as published by Westcott, by Thorn
ton and  Sandison, a nd  by White. There is no emergency about 
the operative procedure; the p a tien t can be m ade comfortable by 
suspension o f  the affected extremity w ith 5  to 10 pounds o f  
traction. There is very com m only a m ild  temperature reaction to 
the in jury an d  resulting hem atom a; the temperature runs be
tween 99  an d  100 degrees. Thorough physical exam ination, ac
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com panied by the usual clinical laboratory tests, should always 
precede the operation; on the basis o f  such an exam ination the 
anesthesia is decided—local, spinal, or general.

“The m ethod o f  reduction is essentially tha t advocated by 
Leadbetter.

“A  satisfactory reduction does not necessarily m ean an  ana
tomical reduction; a slight valgus position o f  the head is to be 
desired because it represents a stable relationship fo r  transmis
sion o f  weight bearing. (It should be remembered, however, that 
i f  the head does go into valgus, the nail should be started lower 
in the subtrochanteric region in order to strike the center o f  the 
head.) A varus position o f  the head is to be avoided; it represents 
an  unstable position which does no t stand up under weight 
bearing. Rotation o f  the head, either anteriorly or posteriorly, 
should no t be accepted, since they both will result in lim itation  
o f  hip motion.

“Having obtained a satisfactory reduction, an incision 4 to 
6  inches long is m ade over the trochanter, extending downward  
parallel w ith the shaft o f  the femur. Exposure o f  the lateral 
aspect o f  the trochanter is necessary in order that the superior 
attachm ent o f  the vastus externus to the inferior border o f  the 
trochanter m ay be defined. The vastus externus is reflected sub- 
periosteally, exposing the subtrochanteric region. The central axis 
o f  the neck corresponds to a p o in t three-fourths o f  an  inch to one 
inch below the ridge representing the superior attachm ent o f  this 
muscle. A t this p o in t the nail starter is driven in a t an  angle 
previously determ ined by m eans o f  a  protractor fro m  the roent
genogram  taken  a fter reduction. Westcott fir s t described this 
m ethod o f  directing the course o f  the nail fro m  the subtrochan
teric region.

“The nail starter is intended fo r  the purpose o f  going through 
the cortex w ithout dulling the edges o f  the nail; it is advisable to 
direct it in  the correct course. /I.s' soon as the starter has pene
trated the cortex, it is removed an d  the nail is inserted in its 
place; again the direction o f  the nail w ith the lateral aspect o f  
the fe m u r  is usually between 40 a n d  50  degrees. The nail is now  
driven in; it is kept in the horizontal p lane unless the lateral 
roentgenogram was made. As the na il enters the medulla, i f  it is 
correctly directed, it will enter the central axis o f  the neck with 
very little resistance. I f  it is fo u n d  that there is resistance to 
the progress o f  the nail, roentgenograms should be taken, since 
resistance usually indicates that the course o f  the nail is incorrect 
a n d  that it is striking either the superior or inferior cortex o f  the 
neck. Roentgenogram, then, w ill decide whether the a im  is right; 
i f  there is any question abou t its being incorrect, the nail should  
be w ithdrawn an d  started in the corrected direction. I t  is a t this 
p o in t tha t W hite’s instrum ent is particularly valuable; in the p a st  
we fo u n d  it extremely difficult to extract the nail once it was 
started on its course. With W hite’s instrum ent it is very easily 
extracted a nd  started over again. This instrum ent also serves as 
an extension to the nail a nd  facilitates aim ing it in the right 
direction.
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“With the hip in the abducted position the central axis o f  the 
neck o f  the fem u r  intersects the fem ora l artery as it passes under  
Poupart’s ligament. A lead m arker placed a t this p o in t is helpful 
in directing the nail; I  use both the protractor a nd  the lead 
marker, checking one against the other.

“After the nail has been driven home, anteroposterior and  
lateral roentgenograms are taken. I f  these are satisfactory, the 
fracture is gently impacted. I  still fee l tha t impaction is im portant 
in apposing a nd  interlocking the fragm ents, b u t it should no t be 
overdone.

“Teamwork is essential in any m ethod depending upon ra
diographic control o f  the course o f  the nail. Faulty x-ray tech
nique means loss o f  time a nd  loss o f  the surgeon’s temper. This 
is particularly true in the m ethod outlined, which requires the 
use o f  one portable x-ray u n it only; this means shifting o f  the x- 
ray m achine fo r  the anteroposterior a nd  lateral films, which 
increases the chance o f  error. Relatively fe w  hospitals can boast o f  
two portable units, however; such equipm ent increases technical 
accuracy a nd  greatly facilitates the introduction o f  the nail.

“As already stated, m any methods have been developed fo r  
closed reduction, follow ed by lateral nailing; the surgeon m ust 
select the one tha t appeals to h im  the m ost an d  visualize every 
step before he undertakes it. O ur ow n experience w ith  this 
method is lim ited to less than 20 cases, over a period  o f  less than  
2 years, so we cannot report end-results. The experience o f  other 
surgeons is much more extensive; their results are decidedly favor
able.

Postoperative Treatment

“Postoperative treatm ent remains essentially the sam e as 
that described fo r  open reduction. The extremity is suspended  
with 5  pounds o f  traction; exercises are started in a few  days 
after operation, fo r  the foot, knee, a nd  hip. A t the end o f  4 weeks 
the p a tien t is allowed up; crutches are used fo r  a period  o f  4 to 
6 months, w ith partia l weight bearing a t first. A bivalved spica 
is used fo r  walking fo r  the first 4 to 8  weeks in order to m aintain  
abduction. I f  the relationship o f  the fragm ents rem ains satisfac
tory a t the end o f  6  months, fu ll  weight bearing m ay be allowed. 
In cases o f  old nonunion, crutches are used fo r  a longer period, 
sometimes fo r  as much as a year. The nail is never removed 
in less tim e than a year; it m ay be left in fo r  years w ithout 
doing harm.

“Five years have elapsed since the first report on internal 
fixa tion  o f  fractures o f  the neck o f  the fe m u r  by m eans o f  the 
flanged nail was published. The principle o f  the nail has been 
widely accepted, no t so the open reduction. In  view  o f  the good  
results reported fro m  the use o f  the closed reduction, follow ed by 
nailing through a sm all incision, we have come to the conclusion  
that the open reduction is unnecessary in fresh fractures; in old 
ununited  fractures open reduction is indicated a nd  good results 
are obtained in selected cases.”
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♦  Guy Whitman Leadbetter 
(1893-1945)

Leadbetter w as born in Bangor, 
Maine, and studied at Bowdoin Co l
lege, where he established a record 
for throw ing the ham m er, before 
graduating from Johns H opkins 
School of Medicine in 1920. W hile 
a student he decided to become an 
o rthopaed ic surgeon and after 3 
years' training set up in private prac
tice in Washington, D .C . He quickly 
established his reputation, one of his 
principal interests being fractures of 
the neck of the femur. Later he be
came Professor of Surgery at George 
Washington Medical School.

He was a man of stern appear
ance and serious mind, a man with 
a wide range of interests, efficient 
and modest. He was a pianist, a lin
guist, an amateur archaeologist, and 
he also gave lectures on the back
ground of the Nation's Parks.

REDUCTION OF A FRACTURE OF THE 
NECK OF THE FEMUR

THE LEADBETTER MANEUVER, 1933

“Anatom ical reposition o f  the fragm ents is the only position  
which insures good union  a n d  good function.

“The m anipulation  suggested here is simple, anatomically 
sound, non-shocking, a nd  offers opportunity fo r  100% reduction. 
The p a tien t is first anaesthetised, usually w ith ethylene gas, on 
the fracture table. The uninjured leg is harnessed to the fo o t  
stirrup. The injured leg is then flexed  a t the hip a t ninety degrees, 
w ith the lower leg a t n inety degrees to the thigh. Direct m anual 
traction in the axis o f  the flexed  thigh is then made, together 
with slight adduction o f  the fem ora l shaft. In  this position the 
thigh is internally rotated approximately forty-five degrees. The 
leg is slowly circum ducted into abduction, the internally rotated 
position  being maintained. The a m o u n t o f  abduction varies with 
the ind ividual a n d  can be m easured accurately, representing the 
difference in degrees o f  the angle m ade by the fractured neck 
w ith the shaft a n d  the angle between the neck a nd  the shaft on 
the norm al side, as evidenced by the roentgenogram.

“The test which in our experience has indicated that the 
fracture has been completely reduced is as follows. After the leg 
has been brought dow n in the measured degree o f  abduction  
and  internal rotation, the heel o f  the injured leg is allowed to 
rest on the outstretched palm . I f  the reduction, is complete, the 
leg w ill no t evert itself. Should there be no interlocking o f  the 
fragm ents, however, the leg w ill slowly rotate externally. This has 
been fo u n d  to be an invariable test.”

Leadbetter read this paper in 1932 in the days before these 
fractures were usually nailed. After reduction, patients were en
cased in plaster from nipple to toe. It is interesting to notice his 
results. Of 31 intracapsular fractures, 4 patients died (one pulmo
nary embolus, one diabetic coma, one cellulitis of the neck, and 
one renal infection), 22 united, 7 w ent to nonunion, and 2 under
went absorption. Most people today would be pleased if 70% of 
their intracapsular fractures united.

A METHOD OF INTERNAL FIXATION 
OF TRANSCERVICAL FRACTURES 

OF THE FEMUR

H. H EYW O O D  WESTCOTT,
ROANOKE, VIRGINIA, 1934

Westcott used a protractor as a guide to assist blind percutane
ous nailing.

“The internal fixa tion  o f  transcervical fractures o f  the fem u r  
is possible through a sm all incision over the lateral aspect o f  the 

femur. With the Smith-Petersen nail as the fix ing  instrument, the 
total operating tim e is fro m  6 to 15 minutes. The operation
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produces a m in im u m  a m o u n t o f  shock an d  allows im m ediate  
active use o f  the jo in t, preventing the usual complications ex
pected fro m  the prolonged period o f  fixa tion  a nd  recumbency. 
After b u t a fe w  hours the p a tien t is ready fo r  a wheelchair or, i f  
so disposed, m ay a t once enjoy the use o f  crutches.”

CANNULATED NAIL
SVEN JOHANSSON, CHIEF SURGEON , GO TEBO RG, 

SWEDEN, 1932

“The author has now  worked ou t a  m ethod intended to make  
use o f  the advantages o f  Smith-Petersen osteosynthesis w ithout 
exposing the fracture. The principle consists in  using a thin m etal 
wire as a guide fo r  the Smith-Petersen nail, which is fu rn ished  
with a  longitudinal canal. Roentgen control in two directions is 
necessary.”

End Results: 1930

In 1928 Fred Albee, incoming president of the American Or
thopaedic Association was told to produce figures showing the end 
results of hip fractures.

In the 1929 report of 201 fractures largely treated with a 
Whitman cast, the mortality was 28.6%, and only 30.4% of fractures 
were united at 1 year. In a second report the next year, the 
com bined death /nonunion  rate dropped  to 14.1% in patients 
treated by “open surgical attack,” but the commission avoided 
favoring this method because only a small number of cases were 
treated by a few surgeons. Politics?

“I  think that I  have never attended a council meeting o f the Medical 
Defence Union without hearing a case of fractured neck of femur dis
cussed, the doctor usually accused of negligence either in diagnosis or 
treatment.” E. W. Hey Groves, 1930

♦ Royal Whitman (1857-1946)

Chief at the Hospital for Special Sur
gery (fo rm erly  the Ruptured and 
Crippled). He was one of the crusad
ers against flatfeet and invented 
those abominable Whitman plates. 
He cam paigned against talectom y 
and then did thousands for neuro
genic foot deformities. He did fascial 
arth rop lasty of the hip com bined 
w ith  d istal d isp lacem ent of the 
greater trochanter. Then he became 
known for the Whitman cast for hip 
fracture— a huge hip spica.

R e f e r e n c e s

Chapter references are located in Chapter 26.





♦  C h a p t e r  T h r e e

CKild's flip

The child’s hip has to last through life, and even a slight biome
chanical imperfection is likely to cause osteoarthritis. Despite 

intense study for 150 years, developmental dysplasia of the hip 
(DDH), Perthes’ disease, and slipped epiphysis still present big 
challenges.

Developmental D islocation 
of tf\e Tlip

Congenital dislocation of the hip is very commonly overlooked until 
the child begins to stand and attempts to walk. Bernard Brodhurst, 1896

The treatment of congenital dislocation of the hip-joint results in a 
complete cure if reduction is made early enough. George Perkins, 1928

In the days of Hippocrates, DDH was ignored because the 
disease produced nothing more than a limp at a time w hen many 
people limped because of life-threatening conditions—such as tu
berculosis. DDH did not threaten life and seldom caused pain. Until 
X-rays were discovered, doctors had little idea of what they were 
treating and little idea of what they achieved.

Thomas demonstrating his test for 
fixed flexion, 1876.

The appearance of bilateral develop
mental dysplasia of the hip (DDH). 
From Carnochan JM: A Treatise on 
the Etiology, Pathology and Treat
ment of Congenital Dislocation of 
the Head of the Femur. New York: 
Wood, 1850.

65
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Ironically, it would have been just as easy for Hippocrates to 
use the Ortolani sign and apply a Pavlik harness as it is for us today. 
The modern-day treatment is very low tech and has been reached 
only by trying to treat DDH the hard way first. Simple treatment 
w ithout complications has been called the thin chart method of 
treatm ent in contrast to elaborate, com plication-ridden trea t
m ent—the thick chart method.

The first attempts were made on school-aged children. Long 
periods of traction, special carts, and then all kinds of operations 
were used. Commissions pontificated on what should be done. 
Acres of forest have been cut down for articles and books. Miles 
of cord have been used for traction, and I can remember whole 
wards full of toddlers strung up in very indecent positions so that 
the femoral head would dock with the acetabulum. Only later was 
the simplicity of neonatal treatment allowed to prevail.

TIMELINE FOR DDH
Pathology
300 b c  Hippocrates—a  joint dislocated in utero 

1564 Pare—“A shallow socket w ith stretched ligaments”
1783 Paletta describes pathology in a 15 day old child 
1826 Dupuytren writes much about the changes seen 
1839 Gerard Vrolik—illustration of pathology of DDH in book

Signs
1742 Andry describes the waddling gait and uses a girdle to treat 
1864 Roser described a test for neonatal instability 
1895 Trendelenburg sign of abductor insufficiency

♦ Giovanni Paletta (1748-1832)
A surgeon anatomist of Milan who 
described the autopsy changes of 
DDH in a 15 day old patient and 
later advocated subtrochanteric os
teotomy for deformity.

Screening

Treatment in the new born period is simpler and better than 
delayed treatment. This was appreciated and put into action by 
Roser in 1864 and by Le Darnany in Rennes, France, in 1912. The 
idea did not catch on. In the 1950s, the Ortolani and Barlow tests 
were applied to all children in some regions. Although many chil
dren were found to have dislocatable hips at birth, some skeptics 
showed that the number of late cases was not greatly changed. 
Some children thought to be normal initially were later found to 
have dislocations. Ultrasound examination is an improvement upon 
clinical examination because ultrasound will pick up hips with 
shallow sockets that are at risk of late dislocation. These are hips 
that are passed as normal on clinical examination.

Diagnostic Ultrasound or  Sonography

Ultrasound (US) was put to use for submarine detection during 
wartime, when it was known as sonar, and to detect flaws in 
industrial materials. Dr. Douglas Howry began to use US in medi
cine while he was an intern in Denver in 1947. Leftover naval
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equipment was used for his later experiments, which involved 
submerging the patient in a cattle trough of water.

At about the same time, Dr. John J. Wild in Minneapolis used 
US to distinguish benign from malignant breast lesions. Dr. Ian 
Donald met him in London and began to investigate US w hen he 
went to Glasgow as an obstetrician. With an engineer, Donald 
developed a hand-held contact scanner in the mid-fifties, which 
has transformed obstetrics.

Ultrasound is better than radiology for the diagnosis of the 
infant with DDH because it shows the cartilaginous head and 
acetabulum and because it is free of radiation. R. Graf of Austria 
has done much in recent years to classify dysplasia. Graf sat on a 
Swiss m ountainside and w ondered  w he ther the hip  could be 
viewed like the fetus—vastly improving diagnostic skills.

Diagnosis
1900 Mar Schede of Bonn writes monograph on X-ray appearances 
1902 Shenton—a pioneer London radiologist—publishes his line 
1923 Le Damany—newborn tests
1925 Heinrich Hilgenreiner, orthopaedist of Prague—describes 

transverse line on X-ray 
1928 George Perkins, orthopaedic surgeon of London—describes 

vertical line on X-ray 
1937 Ortolani’s sign of reduction 
1962 Barlow’s sign of dislocation

Perkins is remembered for Perkins’ 
X-ray lines to help make the diagno
sis of DDH. “Congenital dislocation 
of the hip joint is not diagnosed 
early enough because the general 
practitioner does not know how to 
make the diagnosis.” Lancet 1928, 
214, 648-50.

♦  George Perkins (1892-1979)
He studied at Oxford and came un
der the spell of Robert Jones at the 
M ilita ry  O rthopaed ic  H osp ita l, 
Shepherd's Bush, where the World 
W ar I wounded were treated. He be
came Chief at St. Thomas' Hospital, 
London, and President of the British 
Orthopaedic Association. He wrote 
a thick textbook and promoted the 
treatment of fractures by early move
ment. I once had an anesthetist who, 
as a m edical student, had been 
taught by Perkins. It was almost im
possible to get him to give an anes
thetic to reduce a fracture— "splint 
and move" was his advice to me.

♦ Dr John J. Wild

♦  Edward Warren Hine Shenton 
(1872-1955)

He was a pioneer of radiology in 
Britain— with the title of Surgical Ra
diographer to Guy's Hospital. De
scribed Shenton's line in Guy's Hos
pital Gazette in 1902 and wrote a 
book, Disease in Bone and Its De
tection by X-Rays, in 1911. He was 
a skilled musician, composer of ch il
dren's music, and violin maker.

♦  Heinrich Hilgenreiner (1870- 
1953)

Surgeon at Prague, his main interest 
was in D D H : he described his X-ray 
lines in 1925 to aid early diagnosis 
and treatment. He was imprisoned 
during World W ar II and suffered 
from X-ray skin damage like many 
pioneers. A warning to us all to keep 
our fingers out of reach of the im
age intensifier.



68 Chapter 3 ♦ Child’s Hip

♦ Pierre Le Damany (1870-1963)

He screened neonates at the Rennes 
maternity hospital in 1908, using his 
thumb and index finger to displace 
and replace the femoral head— just 
as Ortolani suggested 20 years later. 
He distinguished between hips that 
stab ilized  q u ick ly  and e as ily  and 
those that were resistant.

T hese tw o  diagram s, (A) and  (B), 
w ere published in a small book in 
1923 and illustrate the m ethods Le 
Damany used for large-scale screen
ing. They are identical to the Orto
lani and Barlow tests described so 
m uch later.

SCREENING FOR HIP DISLOCATION

LE DAMANY
1923

“A ny pressure on the knee levers the fem u r  against the edge 
o f  the pelvis a nd  tends to distract the fem u r  fro m  the acetabular 
fossa.

“We have observed, by a n im a l experiments, chiefly in dogs 
a nd  rabbits, tha t i f  one dim inishes the pressure o f  the head on 
the acetabular fossa, one decreases its depth.

“Dislocatable Hips o f Newborns. How does one prove that 
congenital dislocation exists or is absent in the newborn? Instead  
o f  resum ing the fallacious argum ents advanced fo r  or against 
each o f  these opinions, we have fo u n d  it fa r  more simple to 
exa m in e  su ffic ien t num bers o f  live newborns. The results to 
which we were led were markedly different fro m  those which we 
hear. We have certainly fo u n d  complete subluxations o f  the hips 
in newborns who have died, a n d  in w hom  we have observed a t 
autopsy multiple malform ations incompatible w ith life. B u t in 
normal, healthy infants we have never encountered this.

“Here is how  one m ust proceed. The positioning a nd  m aneu
vers which we describe are sum m arized  in  [the following illustra
tions] . The child is placed on his back, on a table. The exam iner 
positions h im self facing  the child. Gently, w ith no force, he grasps 
each o f  the legs o f  the newborn w ith the opposite hand, in such 
a way that the cleft o f  the thum b cradles the child’s knee. The 
pulp  o f  the thum b holds the m edial aspect o f  the thigh, the index

Le Damany found that he could produce acetabular dysplasia by splinting a puppy’s 
knee out straight. This too was rediscovered later.
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finger the anterior aspect, a n d  the long finger is extended the 
length o f  the lateral aspect w ith the pu lp  pressing on the trochan
teric region. The ring a nd  sm all fingers flexed  circle the calf. The 
thigh is held flexed  a t a right angle to the pelvis, the leg is also 

flexed  to a right angle on the thigh. The exam iner uses one lower 
extremity to stabilize the pelvis while he exam ines the other.

“First Time. The thigh, held as described, is m oved into 
adduction while the pu lp  o f  the thum b pushes lightly fro m  above 
to below the end o f  the thigh, while the cleft o f  the thum b pushes 
on the knee. I f  the hip is dislocatable, sometimes one feels a 
release caused by the subluxation o f  the fem ora l head, sometimes 
one feels nothing, no more than in norm al subjects.

“Second Time. The exam iner perform s on the thigh displace
ments the inverse o f  those above. The pu lp  o f  the long finger 
pushes the greater trochanter fro m  behind forw ard  (in relation 
to the child) a nd  fro m  w ithout to within, while the thigh is taken 
briskly into abduction. By this maneuver, i f  it was subluxed, the 
head returns to the acetabular cavity over the posterior edge, 
a nd  this return is always accom panied by a bump. Sometimes 
light, often very distinct, there are times when the bum p m ay be 
loud enough tha t one hears it.

"The double m o vem en t o f  a dduction  a n d  flex io n  w hich  
subluxes the head, then abduction a n d  flexion  which returns it 
to the articular cavity, can be repeated as m any times as one 
wants. Done gently, as it m ust be, it is no t painful. I t is in fa c t 
necessary that it m ust not be painful, because i f  the infant 
contracts or moves, the sensations lose their distinctness. The 
simple preparation o f  occupying the child by g iving h im  some
thing to drink during these m aneuvers suffices to prevent crying 
a nd  muscle contraction fro m  discomfort.

“Future o f Subluxable Hips. Spontaneous curability is the 
m ost im portant characteristic o f  the dislocatable hip. Sometimes 
it is extremely fleeting a nd  m ay disappear in a fe w  days. We have 
encountered cases which have persisted fo r  several weeks and  
ended by becoming altogether normal. Sometimes one does not 
f in d  it in the first fe w  days o f  life, it does not appear until near 
the end o f  the firs t week, becomes very distinct, then dim inishes 
and  disappears in one or two m onths more.

“The spontaneous cure o f  these dislocatable hips is dem on
strated by clinical observation. We have follow ed fo r  a sufficient 
time eight children who presented with this anomaly. In  seven o f  
them, the signs o f  dislocatability have completely disappeared. 
Once they lasted more than three months, bu t resolved nonethe
less. Only one o f  the dislocatable hips we were able to follow  
ended by becoming a fixed  dislocation. Then, instead o f  the 
disappearance o f  the bum ps tha t we have described, we saw  
appearing little by little the well know n  signs o f  congenital dislo
cation.

“This defect was fo u n d  in one in fan t in 149 a t the M aternity 
Hospital o f  Paris, a nd  in one in fan t in 2 6  a t the sam e tim e a t 
M aternity Hospital o f  Rennes; it is three or fo u r  times more 
com m on in girls.” Translation: Dr. Andrew Howard

Le Damany’s splints in flexion sound 
a m odern note.

Le Damany’s splint.



♦  Marino Ortolani

♦ Marino Ortolani (1904-1987)

Professor of Paediatrics and Child Health and Director of the Provincial Institute of 
Infant Welfare at Ferrara. The mother of a 5 month old baby complained to him 
that the baby's hip clicked when she washed the baby. She showed him how to 
produce the c lick . X-ray film showed a dislocated hip. He reported this in a local 
journal in 1936 and began testing all newborn hips and treating unstable hips with 
extra diapers. In 1946, the Italian Government made him director of an institute 
dedicated to DDH .

The same sign had been described years earlier by Le Damany. W hy did early 
diagnosis take so long? Partly because Ortolani was writing in a little-read Italian 
journal of pediatrics and partly because he presented it as just another sign for 
examining suspicious hips between the ages of 3 months and 1 year. It was only 
later that the idea arose that testing hips should be routine in the examination of 
newborn infants. Then some cynics noticed that despite splinting large numbers of 
newborns, the same number of late cases was seen. The addition of ultrasound is 
the latest round in the battle against D D H .

ORTOLANI'S SIGN OF CONGENITAL 
DISLOCATION OF THE HIP

1937

“The sign o f  ‘scatto,’ or snapping, as described by> the author, 
makes the diagnosis a certainty, even in babies. It is probably 
produced ivhen the head enters or leaves the acetabular cavity, 
when it ju m p s  over the rim  o f  the acetabulum. This snapping  
has the sam e origin as the popping tha t is usually heard when  
the hip is reduced during the Paci-Lorenz m anoeuvre in the 
older child under anaesthesia. The ‘snapping’ sign is much more 
accurate a nd  early than the X-rays or even the arthrogram.

“This sign is elicited w ith the p a tien t lying supine; the hips 
are flexed  to a right angle a n d  internally rotated slightly; the 
knees are flexed. Holding the knees in  the pa lm s o f  the hands, 
w ith the thum bs on the inner aspect o f  the knees, abduction and  
external rotation o f  the hips is carried out. A t the sam e tim e the 
fingers press the greater trochanters medially. This manoeuvre, 
which is quite sim ilar to the m anoeuvre o f  reduction, is not 
p a in fu l an d  is easily perform ed when the muscles are relaxed.

“Once the ‘snapping’ has been produced, the head o f  the 
fem u r  has returned to the acetabular cavity, a nd  the lim itation  
o f  abduction o f  the thigh is released.

“This sign is due to the fa c t tha t fro m  the very firs t there is 
an anom alous relationship between the head o f  the fem u r  and  
the acetabulum  when the leg is flexed  on the pelvis. When the 
thighs are abducted the head comes to ju m p  over the labrum  
an d  this gives the sensation o f  snapping.

“The child m ust be relaxed, otherwise the snapping sign m ay  
be missed altogether. This sign m ay be present even during the 
child’s firs t m onth  o f  life."

♦ T. G. Barlow

British orthopaedic surgeon at the 
Hope Hospital, Salford.

BARLOW'S TEST
1962

“. . . The test consists in applying pressure backwards and  
outwards with the thum b on the inner side o f  the thigh. I f  the 
fem oral head slips out over the posterior lip o f  the acetabulum  
and  back again immediately the pressure is released, the hip is 
‘unstable’—that is to say the hip is not dislocated bu t is dislocatable.’’

70
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TRENDELENBURG'S TEST

1895

“Both earlier a nd  more recent authors say only tha t the 
cause o f  the swaying gait is caused by the abnormally mobile 
fem o ra l head  slid ing  up the iliu m  w hen the fo o t  is p u t  
dow n—D upuytren’s ‘glissement vertical.’ A few  m ention the lordo
sis o f  the spine as a contributory cause, a n d  all repeat the old 
comparison o f  the swinging gait to the waddle o f  a duck, which, 
to some extent, describes this type o f  gait, bu t does no t explain it.

“This idea tha t the abnorm al m obility o f  the head o f  the 
fem u r  across the ilium  is the cause o f  the waddling gait is so 
firm ly rooted that the first attempts a t surgical treatm ent did  not 
aim  a t reduction o f  the dislocation, bu t only a t fix in g  the head  
o f  the fe m u r  to the pelvis (Konig), a nd  operations o f  this k in d  
are, even now, perform ed a t times.

♦ Friedrich Trendelenburg (1844— 
1924)

Born in Berlin, Trendelenburg stud
ied medicine in Glasgow and in Ber
lin, graduating in 1866. He worked 
as assistant to Langenbeck, later fill
ing the Chairs of Surgery at Rostock, 
Berlin, and finally Leipzig.

A  prolific writer and leader in 
practical surgery in many fields, he 
devised the heroic operation of pul
monary embolectomy, but met with 
no su ccess. W hen Trendelenburg 
was aged 80, Kirschner, one of his 
pup ils, demonstrated a successful 
case to him.

Trendelenburg’s drawing—how  the test should be done.

C om parison b e tw een  th e  antalgic 
gait and the pure Trendelenburg gait. 
The figure on the left has coxalgia 
and goes beyond  th e  fram e and 
knocks dow n the wall. The figure on 
the right with DDH remains well- 
encased. From Calve J, Galland M, de 
Cagny R: Pathogenesis of limp due 
to  coxalgia. J Bone Jt Surg 1939, 21, 
12-25. Used with permission.
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“I f  the gait is carefully observed in naked patients it is soon 
realised tha t this view  is not correct.

“A child or, better, an  adolescent or adult girl w ith bilateral 
congenital dislocation o f  the hip is told to w alk alternately away  
an d  towards us. What do we see? Let us look first a t the upper 
p a rt o f  the body. A t every step it swings to and  fro, a nd  it does, 
in fact, fa ll a t each step to the side on which the weight is carried. 
I f  the right fo o t is p u t  down while the left is raised the upper p a rt 
o f  the body leans to the right and  vice versa. I f  we call the side 
o f  the body w ith the fo o t dow n the standing side a nd  that with  
the leg sw inging the swinging side, the body thus always swings 
to the standing side. This fa c t seems to f i t  the idea that the head  
o f  the femur, sliding up when the fo o t is p u t  down, is the cause 
o f  the swaying.

“B ut now  let us watch the pelvis. This also sways in such a 
w ay that the right a nd  left sides alternately fa ll a nd  rise. The 
pelvis swings on a horizontal axis running  fro m  fro n t to back 
in  the sagittal p lane a t abou t the level o f  the first sacral vertebra. 
B u t the sw ing is no t in the sam e direction as the m ovements o f  
the upper p a r t o f  the body, bu t opposite to them. I f  the right fo o t  
is p u t  down, it is no t the right anterior superior spine in fro n t  
an d  the right buttock a t the back which sink, bu t the left. In  
other words the pelvis does not, like the upper p a rt o f  the body, 
sink on the standing side, bu t sinks on the swinging side. Now i f  
the swinging m ovem ent o f  the pelvis were caused by the pelvis 
sliding down p a st the insufficiently fixed  head o f  the fem u r  the 
pelvis would sink, like the upper p a r t o f  the body, on the standing  
side, a n d  not on the swinging side.

“It is precisely the opposing swings o f  the upper p a r t o f  the 
body a nd  the pelvis which is characteristic a n d  peculiar in this 
gait, as the observer will now  realise. He m ay also remember 
having seen this gait in only one affection other than bilateral 
dislocation o f  the hip, that is, progressive muscular atrophy.

“The opposing swings m eet between the sacrum an d  the 
lum bar spine: this is the p ivo t o f  the movements.

“There is another way o f  dem onstrating tha t the swinging  
m ovem ents are no t due to the head o f  the fe m u r  sliding on the 
ilium. I f  the p a tien t is told to w alk past, or i f  one walks alongside 
her a nd  carefully watches the relation o f  the trochanter to the 
edge o f  the pelvis, or feels it w ith the fingers, it is exceptional to 
f in d  any distinct rise in the trochanter on pu tting  down the foot.

“Now how are these peculiar swinging m ovements produced? 
The answ er need only deal w ith the swinging o f  the pelvis, since 
it is obvious tha t the m ovem ents o f  the spine in the opposite 
direction are only compensatory, a nd  tha t they perform  the task 
o f  bringing the centre o f  gravity, which shifts sideways, back to 
a p o in t vertically over the standing foot, or, in  short, restoring 
balance.

“Let us observe first the ga it o f  a norm al person a nd  ascer
tain in detail how it differs fro m  that in dislocation o f  the hip. I f  
we m ake a naked person stand w ith his back to us behind a 
p lu m b  line, a n d  m ake h im  w alk a fe w  steps away fro m  us, we 
see tha t the whole body leans alternately a little to the right and
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left, a nd  always to the side o f  the fo o t on the ground. The pelvis 
does no t swing, b u t moves evenly forw ard  w ithout swaying.

“These to a nd  fro  m ovem ents o f  the body can easily be fixed  
photographically by m aking  the subject exam ined stand behind  
a p lu m b  line a n d  raise first one leg a nd  then the other. (I owe 
Dr. Perthes, Assistant in the Clinic, m y special thanks fo r  his 
help and  advice in the sometimes tedious photographic work 
prelim inary to this study.) The first glance shows tha t the swing 
o f  the body occurs in order to bring the centre o f  gravity vertically 
above the p o in t o f  support, i.e., the sole o f  the standing foot. The 
fa c t that the pelvis rem ains horizontal a nd  does no t drop on the 
side o f  the sw inging leg is due to the action o f  the abductors o f  
the hip jo in t, the gluteus medius, the gluteus m in im us a nd  partly  
the gluteus maxim us. In  the standing leg they are stiffly con
tracted, in the swinging leg they are relaxed. I t is easy to ascertain 
in oneself tha t this is true by pu ttin g  the hands on the region o f  
the gluteus m edius while walking. The alternating p lay  o f  the 
muscles can then be fe lt  distinctly.

“Let us compare this w ith a girl w ith bilateral dislocation; 
this girl had to support herself slightly w ith her hands in order 
to stand quite still. The difference leaps to the eye. The pelvis 
hangs down on the swinging side, a n d  the upper p a r t o f  the body 
leans fa r  over to the standing side to restore balance.

“From w hat has been said, the cause o f  the pelvis hanging  
down can only be tha t the abductors o f  the standing leg cannot 
keep the pelvis horizontal.

“If, therefore, the cause o f  the swaying gait is the absence o f  
active abduction, it is easy to understand the sim ilarity o f  this 
gait w ith that in progressive m uscular atrophy. The pelvis cannot 
be held up by the abductors o f  the hip jo in t on the standing side 
and  falls towards the sw inging side, a n d  the upper p a r t o f  the 
body swings in compensation to the other side.

“Very defective or entirely absent fu n ctio n  o f  the gluteus 
medius a nd  gluteus m inim us, w ith the consequent lack o f  active 
abduction a t the hip, is the cause o f  the waddling ga it in congeni
tal dislocation o f  the hip.

“After treatment, the two tests described above—standing on 
the treated leg an d  raising the buttock o f  the other side up to or 
above the horizontal line an d  raising the treated leg fro m  the 
bed while lying on the opposite side—are a good measure o f  
w hat has been gained by the operation, a nd  the result can also 
be recorded photographically in this way."

CONGENITAL DISLOCATION OF THE HIP

DUPUYTREN
1826

Dupuytren gives an excellent account of congenital dislocation 
of the hip. He considered its etiology, drawing attention to its 
familial tendency, described its pathology very accurately, and gave 
several case histories.

♦ Baron Guillaume Dupuytren
(1777-1835)

The "Brigande of the Hotel Dieu" 
was born in Central France. The son 
of a poor advocate , he w as k id 
napped as a boy by a rich lady from 
Toulouse on account of his good 
looks, and, after reclamation, was 
taken to Paris and educated by a 
rich cavalry officer. As a medical stu
dent he endured poverty, allegedly 
reading books by the light of oil pre
pared from dissecting cadavers. He 
became surgeon-in-chief at the Ho
tel D ieu at the age of 36 , and 
worked tremendously hard at teach
ing, operating, and seeing 10 ,000 
private patients a year. He became 
very rich, and was probably a most 
unpleasant person to meet, but his 
w riting s are de lightfu l to read for 
th e ir lu c id , accurate  descrip tions 
and deductive reasoning. Like many 
of those who are mentioned here, 
he combined accurate clin ical ob
servation with a tremendous interest 
in pathology. His works are easily 
readable, and very informative, and 
he is quoted in this collection more 
than any other author.
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After considering several possible causes, such as violence, 
intrauterine disease, or faulty development of the ilium, he wrote:

“The position o f  the lower extremities o f  the foetus in utero 
is such, tha t the thighs are very much bent on the belly, fro m  
which it follows tha t the heads o f  the thigh-bones are continu
ously pressing against the lower a nd  back p a r t o f  the capsular 
ligam ent—a circumstance which, though w ithout effect in well- 
fo rm ed  individuals, might, I  apprehend, have an  injurious influ
ence in such as are weak, or o f  lax, unresisting fibre. I f  this 
prem ise is conceded, there is no t m uch difficulty in im agining  
th a t d islocation m ay result; a n d  the supposition  is fu r th e r  
strengthened by the fa c t that the m ost pow erful o f  the muscles 
surrounding the articulation have a  constant tendency to draw
upwards the heads o f  the thigh-bones, as soon as they escape 

Lorenz dissection of a false acetabu- ^  acetahula
lum. J

“I  m ust remark that original or congenital dislocation o f  the 
thighbones is no t so rare as m ay be supposed. I  have m et with  
as m any as tw enty cases in the course o f  eighteen years. Alm ost 
all the individuals who are affected w ith this deformity are 
females: indeed, o u t o f  twenty-six cases which I  have examined, 
no t more than two or three a t m ost were males.

“Original Dislocation o f the Ossa Femoris. Retention o f  
urine, term inating fatally. A man, 74 years o f  age, suffering  
fro m  retention o f  urine, was adm itted  into the Hotel-Dieu in 
February 1828.

“On the adm ission o f  this patient, it was anticipated that he 
w ould no t long survive, a n d  as there were several features which 
suggested the probability o f  there being congenital dislocation o f  
the thigh-bones, I  fe lt considerable interest in the exam ination o f  
the body, which the p a tien t’s death shortly afterwards afforded 
m e an  opportunity o f  prosecuting.

“Autopsy. In  the first place it was observed that the thighs 
could n o t be separated as in abduction, w ithout m aking  them  
describe a  segm ent o f  a large circle: the trochanters were much  
nearer to the crests o f  the ilia a nd  higher than natural; the heads 
o f  the bones were very much elevated, the knees inverted a nd  the 
thighs shortened; in fact, there was a total change in the relations, 
direction a n d  length o f  the limb. This was the consequence o f  the 
cavity destined by nature to receive the head o f  the bone being 
alm ost effaced, a nd  o f  the latter being deformed. The upper p a r t 
o f  each thigh was enlarged, the trunk  curved backwards, a nd  the 
belly protruded; the pelvis had  alm ost lost the oblique bearing 
which is natural to it; the thighs were shortened, a nd  the buttocks 
soft a n d  flabby, which was explained by the approximated attach
m ents o f  the great gluteal muscles, a n d  the consequently relaxed 
conditions o f  their intermediate bellies. The gluteus m edium  was, 
on the contrary, distended a nd  raised up, the gluteus m in im us  
entirely wasted, a nd  the fryramidalis, instead o f  being oblique in 
its direction as is normally the case, was quite horizontal: the 
gemelli a n d  quadratus were distended, a nd  the adductors were 
abridged o f  their natural length.

“On the left side, the original cavity did no t measure more
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than an inch a t its greatest diameter; it was very shallow, rugged, 
an d  filled  with a fa tty  substance o f  a  yellowish colour, and  alm ost 
o f  the flu id ity  o f  oil; its fo rm  was nearly an oval. The external 
iliac fossa presented, in fro n t o f  the sciatic notch, a broad, shallow  
depression, lined by a thick glistening periosteum, which had  
alm ost the appearance o f  articular cartilage; it was on this that 
the head o f  the fe m u r  rested. The last-mentioned process itself 
was dim inished in volume, a little flattened, irregular, a n d  w ith
ou t any vestige to m ark the attachm ent o f  the round ligament; it 
was, nevertheless, invested by articular cartilage which was thin
ner than natural. The fibrous capsule o f  the joint, which was in 

fo rm  exactly like a purse, was attached to the upper a nd  lower 
borders o f  the original acetabulum, a n d  was in place o f  an  
osseous cavity on the side it covered; its length was sufficient to 
allow the ascent o f  the head o f  the fe m u r  to the depression I  have 
ju s t  described: the space over which it extended am ounted  to 
about three inches. This capsule was very thick, an d  alm ost as 
dense as the cartilage.

“On the right side, the original cavity was a little larger, bu t 
its interior presented the sam e appearance as the other. The 
external iliac fossa, instead o f  exhibiting, as on the opposite side, 
a simple depression, presented, in fro n t o f  the great sciatic notch, 
and  nearly on a level w ith the space between the two anterior 
iliac spines, a broad a nd  deep depression, w ith an  osseous m ar
gin which was strongly marked, rough, a n d  irregular. The head  
o f the femur, which was larger than tha t o f  the other side, had  
likewise more nearly preserved its natural shape; bu t it was, as 
the left, invested by an  imperfect articular cartilage, a nd  both 
surfaces o f  the articulation were covered by synovial membrane. 
The orbicular ligam ent was no t so thick as tha t o f  the opposite 
side, although its extent was no t strictly lim ited to tha t o f  the 
circumference o f  the abnorm al cavity. On this (the right) side, 
the head o f  the fe m u r  was supported by the osseous margin, 
whereas, on the left, the fibrous capsule was the only structure 
which, by its great strength a nd  resistance, was effectively op
posed to the weight o f  the body.

“In addition to the above peculiarities there was very u n 
usual m obility a t the lumbosacral articulation, so tha t when the 
lower extremities a n d  pelvis were fixed, the vertebral column  
could be m oved freely upon the latter. The lax state o f  the interver- 
tebral fibrocartilage was the only recognisable cause o f  this singu
lar mobility.”

Treatment
Ironically we try to treat DDH nonoperatively by methods that 

Hippocrates could have safely used. But because of late diagnosis 
for centuries, our ancestors made an unnecessary detour through 
traction, forceful manipulation, and all kinds of operations before 
getting back to safe simplicity.

From the time of Hippocrates until the invention of anesthesia 
in 1846—2000 years—there was no progress beyond describing 
the clinical features of DDH. DDH was one of many conditions
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♦  Bedrich Frejka (1890-1972)

He modified O rto ian i's sp lin t and 
became known for a pillow splint, 
which he reported in 1941.

♦ Sophus Von Rosen (b 1898)

Swedish— introduced an aluminum 
splint. He was a strong proponent of 
screening (1957) and early treatment 
to rid a country of the need for open 
reduction of the hip.

♦  Guillaume Jalade-Laford
(1805-?)

He founded an orthopaedic institute 
in 1823 and used an extension chair 
and an o sc illa to ry  bed to reduce 
D D H . He developed a garden with 
equipment for scoliosis exercises in 
1827 . Ja lade-Lafo rd 's son-in-law , 
Vincent Duval, wrote on clubfoot. 
F laubert used th is book to w rite  
about the tragedy of gangrene fol
lowing a clubfoot operation in the 
novel Madame Bovary.

which would cause a limp, but it did not stop a person working 
and did not shorten life—so there was no drive to treat it—some 
thought that only a fool would try.

Initially, congenital hip dislocation was not recognized until a 
child started to limp, and by this time simple methods of treatment 
were ineffective. Then, as traction methods improved, some suc
cess was claimed from prolonged traction treatment. A Commission 
was struck in Paris in 1840 to look at patients who were said to 
have been cured. There was not much enthusiasm for the results, 
and traction was largely given up because the femoral head rarely 
stayed in the shallow acetabulum.

Brodhurst wrote in 1896, “It seems to m e useless to undertake 
lengthy treatm ent—merely to substitute one fo rm  o f  lameness fo r  
a n o th e r With the advent of aseptic surgery all kinds of operations 
were tried—on the femur and on the pelvis. The age of diagnosis 
went down. Radiographs contributed to earlier diagnosis and a 
more critical appraisal of the results. Gradually the interest changed 
from treating old cases to screening and neonatal splinting.

Splints
1923 Le Damany 
1929 Putti abduction pillow 
1941 Frejka abduction pillow 
1956 Von Rosen aluminum splint
1958 Pavlik harness is successful in 84% of 1912 children treated. 

It held the hip flexed and allowed movement.

♦ Arnold Pavlik (1902-1962 or 
1965)
C zech o s lo vak ian  orthopedic su r
geon, who developed a harness for 
D D H . The idea was that controlled 
movement was better than fixed im
mobilization. He had started as an 
assistant to Frejka. In 1958 he re
ported the results of treating 1912 
c h ild re n . Years passed before the 
harness became standard in the rest 
of the world.

Reduction by Traction
1710 V erduc: “Traction applied to a person lame from  birth 

exposes the ignorance of the doctor.”
1805 Guillaume Jalad-Laford tries to reduce with rocking bed.
1828 Caillard-Biloniere, Amsterdam: treatment of 8 year old by an 

extension bed in a single case succeeds.
1835 Francois Humbert (1776-1850) tries to reduce with acute pull.
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♦  Franfois Humbert (1776-1850)

He founded perhaps the first ortho
paedic institute in France at Morlaix, 
M euse, in 1 81 7. T h is  w as m ostly 
concerned w ith  sco lio s is , but in 
1835 he co-authored a book on ma
nipulative reduction of D D H  in an 
11 year old girl. There was no way 
of proving that the hip was reduced 
before radiography, and his skeptical 
co lleagues dam ned it w ith  faint 
praise— "a bold initiative."

The apparatus used by Humbert in 
1835 was not simple.

1838 Pravaz reduces with prolonged traction, and reports are pre
sented to Academy of Science in 1838-1839. A Commission of 
Enquiry is struck which reports success but with persisting prob
lems in 1840. This is really the first time that DDH is reduced. 
Previous attempts had failed, and doctors knew not to try.
The idea spreads to Heine in Wurzburg, to Brodhurst in the 
United Kingdom, but then traction alone was given up and all 
kinds of other methods tried because of the introduction of 
aseptic surgery.

Box continued on following page
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♦ Charles Gabriel Pravaz (1791- 
1853)
Pravaz is a little-known orthopaedic 
great. The son of a doctor, he started 
an orthopaedic institute in 1826 at 
Passy, just outside Paris. He was 
joined by Guerin, and they developed 
many largely useless methods of treat
ing scoliosis that are visually attrac
tive . (The balancing m achine is 
shown on page 158. He left the quar
relsome G uerin  to go to Lyons in 
1836 and developed traction methods 
for DDH , which was really the begin
ning of efforts to reduce the head suc
cessfully. He invented the hypodermic 
syringe and the electrocautery.

♦ John Murray Carnochan (1817- 
1887)

He was born in Georgia and studied 
in Edinburgh and Paris. A  Professor 
of Surgery, New York College, he 
wrote the first American book on 
DDH in 1850.

Pravaz used this traction system in 1838 and claimed success. There were skeptics. 
Today w e would not expect a closed reduction to  be achieved in an older child.

1841 G uerin  does research  on DDH. Book published  in Paris. 
Guerin adds tenotomy and later scarifies the lip of the acetabu
lum to make the head adhere to the acetabulum. Buckminster 
Brown studies w ith him and takes the idea to the United 
States.

1850 Carnochan’s book is published in the United States. It is a 
review of knowledge but adds nothing new.

1858 Bouvier writes book on disorders of the locomotor system.
1866 Brodhurst in the United Kingdom uses muscle release, and 

open reduction for older children because traction is ineffec
tive.

1885 W. Adams does it too. Albert Hoffa believed that surgery was 
best done younger. His operation is described in Bradford 
and Lovett.

The Pravaz Chariot was used to mobilize the hip after reduction of DDH. 
Both the arms and feet of the patient crank the wheels. From Carnochan JM: 
A Treatise on the Etiology, Pathology, and Treatment of Congenital Dislocation 
of the Head of the Femur. New York: Wood, 1850.
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The walking frame of 1850 is little different from that used today. From 
Carnochan JM: A Treatise on the Etiology, Pathology, and Treatment of 
Congenital Dislocation of the Head of the Femur. New York: Wood, 1850.

1885 Buckminster Brown visits Guerin and reports a successfully 
treated case.

♦ Bernard Edward Brodhurst 
(1822-1900)

St. George's H osp ita l, London. In 
1866 he w rote about D D H  and 
loose bodies in the knee.

Manipulative Reduction
1888 Augustino Paci of Pisa described closed reduction.
1902-1903 Adolf Lorenz does a tour of the United States to demon

strate closed reduction of congenital dysplasia of the 
hip. He writes an autobiography, displaying a Santa 
Claus-like countenance.

♦ Adolph Lorenz (1854-1946)

He trained as a general surgeon in 
Austria and then became sensitive to 
the carbolic acid used as an antisep
tic rinse. He could no longer operate 
and took up nonoperative orthopae
dics. He changed from being an ad
vocate of open reduction of DDH to 
closed, or bloodless, reduction. This 
name was closer to the truth than 
he may have intended. The forced 
abduction caused avascular necro
sis. He went on tours around the 
States, attracting large audiences. He 
wrote books on D D H  in 1895 , 
1905, and 1920, a book on scoliosis 
in 1884, and an autobiography. His 
son, Konrad Lorenz, is best known 
for his study of an im al behavior, 
"On Aggression."

♦ Albert Hoffa (1859-1907)

He was born in South Africa and 
worked in WOrzburg and Berlin. He 
popularized surgery for DDH .

♦ Agostino Paci (1845-1902)

Pisa. A leading surgeon of his day. 
A dvocate  of closed reduction of 
D D H . Disputes with Lorenz about 
who did it first.
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Ludloff’s medial approach to the hip. 
From Am J Orthop Surg 1912, 10, 
438.

♦ K. Ludloff

Professor at Breslau. He reported the 
medial approach to the hip in 1908.

♦ Paul Colonna (1892-1966)

American orthopaedic surgeon who 
deepened the acetabulum and car
ried out a capsular arthroplasty.

TIMING OF TREATMENT
1902 Lorenz—late treatment better than early
1923 Early treatment better than late—Le Damany and followers:
1925 Hilgenreiner
1929 Vittorio Putti
1935 Ortolani 
1962 T. G. Barlow

Open Reduction
1890 Poggi reports open reduction and deepening of acetabulum 

in 12 year old girl.
1896 Hoffa
1908 Ludloff medial approach
1923 Goldthwait Commission to look at results

Acetabular Surgery
The saucer-shaped acetabulum could be made cup-shaped by 

removing the cartilage. Stiffness was the price paid for stability 
and length.
1884 Margary in Italy deepens the acetabulum.
1928 Krida
1936 Paul Colonna reamed the acetabulum and sutured the redun- 

tant capsule over the head to form a fibrocartilaginous neoace
tabulum.

Shelf Operations
Shelf operations are an intuitive approach to the shallow acetab

ulum. They are easy to do w ithout much risk of making things 
worse. However, the shelf tends to disappear again. Much ingenuity 
w ent into their design in the hope of producing something that 
would last. Interest died w hen it was found that acetabular cover is 
better increased by moving the whole acetabulum than by trying to 
add to it. Ingenuity then focused on different ways of moving the 
acetabulum. Here is a list of some surgeons w ho designed a shelf:

(A) and (B) Capsular arthroplasty of the hip. This was popularized later by 
Colonna but never worked well. From Hey Groves: Br J Surg 1926, 14, 486.
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1871 Konig 
1877 Hueter 
1915 Fred Albee
1925 Lance
1927 Hey Groves
1928 Bruce Gill
1930 Soutter
1931 Ghormley
1935 Dickson
1936 Smith-Petersen
1941 Ryerson—acetabulum is redirected.
1955 Karl Chiari—a transiliac osteotomy extends bone above the 

capsule so that the head is covered by fibrocartilage rather 
than articular cartilage.

Pelvic Osteotomies
Redirecting the acetabulum has proved to be the safest way of 

increasing coverage.
1961 Salter—the whole acetabulum is rotated over the femoral 

head.
1965 P em berton—the  roof o f the  acetabu lum  alone is pushed  

down.
C ontem porary  nam es: S teele—trip le  osteotom y, 1973; 

Sutherland—double osteotom y, 1977; E ppright—dial osteotomy, 
1981; Tonnis, Dega, Wagner, Ganz

Femoral Osteotomy
Osteotomy was originally used to correct deformity and later 

used to aid reduction

Abduction Osteotomies for Irreducible Hips
1835 Bouvier 
1847 Pravaz 
1919 Lorenz 
1922 Schanz

Femoral Shortening
1926 Hey Groves advocates femoral shortening to assist reduction. 
1976 Klisic popularizes the same thing.

Hey Groves was one of many to build up  the acetabulum. Br J Surg 1926, 
14, 486.

♦ Franz Konig (1832-1910)

Surgeon at Gottingen. He described 
fo rc ib le  co rrection  of c lub foo t, a 
shelf operation, and hemophilic ar
thropathy.

♦  Dietrich Tonnis

Orthopaedic surgeon at Dortmund, 
Germany. Organizer of the German 
m u lticenter tr ia l and author of a 
comprehensive book on DDH .

♦ Alfred Shanz (1870-1932)

Dresden. Wrote an orthopaedic text
book in 1905. Invented abduction 
osteotomy for irreducib le d is loca
tion of the hip. Pauwels was a stu
dent of his.

The Hey Groves shortening osteot
omy of 1926 facilitated reduction of 
DDH. He removed 2 inches. From Br 
J Surg 1926, 14, 486.



RESULTS
1847 After Pravaz published a book on the treatment of DDH, the 

Academy of Medicine appointed Nelaton to check the results, 
and he confirmed Pravaz’ results.

1923 American Commission organized by Goldthwait 
1941 Severin classification of the results of treatment of hip disloca

tion

OPEN REDUCTION OF CONGENITAL 
DISLOCATION OF THE HIP

ALFONSO POGGI 
1890

“Olga La Fomi, aged 12, was a student in Bologna. When she 
first began to walk, a defective gait was noticed by her parents. 
However, nothing was done. During the following years the defec
tive gait became more severe until it became an obvious limp. Re
cently she could no longer stand or walk because o f  pa in  in her left 
hip. Therefore she was admitted to the Clinic on August 11, 1888.

“The nature a nd  extent o f  the dislocation offered little hope 
fo r  significant improvem ent by conservative orthopedic mea
sures. Having tried in vain the m ethod o f  closed reduction recom
m ended by Professor Paci on fa n u a ry  29, 1888, I  prepared to 
operate in the surgical am phitheater in the presence o f  the stu
dents instead o f  the late lam ented Professor Loreta. I  had decided 
in m y own m in d  to hold m yself to the m ost rational method, to 
replace the fem oral head in its natural position, deepening or 
reconstructing the acetabulum, even adjusting the fem ora l head  
i f  it were altered in shape. The operation was perform ed under 
chloroform anesthesia a n d  w ith m eticulous attention to asepsis 
a nd  antisepsis.

“I  preferred to open the articulation w ith the semi-circular 
incision o f  Anthony White rather than the currently more popu
lar incision o f  Langenbeck, because it seemed to me that in this 
specific case the transverse division o f  the m uscular fibers would  
lead more easily to the fem ora l head. Having cut the fibrous 
capsule, which was rather thick, the bare head appeared w ithin  
the large capsular sac covered w ith synovia, b u t w ithout any  
signs o f  a new acetabulum, w ith the inner capsule interposed 
between the articular head a nd  the outer surface o f  the ilium, 
though n o t too adherent to it. A little effort in forced adduction  
a n d  internal rotation o f  the lim b caused the head to come out. 
The head was small a nd  deformed, did  not have the shape o f  a 
spherical segment, bu t tha t o f  an  irregular oval w ith the surface 
in contact w ith the slightly altered ilium. The rest o f  it  was 
covered w ith cartilage a n d  a t its apex was topped by a small 
protuberance, the rem ains o f  the insertion o f  the round ligament, 
which was absent. The head was attached to a  slender a n d  short 
neck a t a greatly obtuse angle to the greater trochanter. The 
capsular sac already referred to disclosed a foram en  in the 
antero-inferior p a r t through which I  passed m y index finger 
with some difficulty, an d  reached the acetabulum. I  enlarged
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the pa thw ay o f  com m unication w ith longitudinal incisions a nd  
discovered the boundaries o f  the acetabulum  although they were 
o f  sm all circumference. The cavity was filled a nd  I  noted a small 
swelling o f  cartilaginous consistency which m ay have been a 
rem nant o f  the insertion o f  the round ligament.

“Because o f  these observations it seemed possible to m e to 
reconstruct the articulation to its norm al form . I  deepened the 
acetabidum, reshaped the deformed head giving it its proper 
contour, a nd  by m eans o f  well directed traction and  incisions in 
the capsular ligaments, I  was able w ith only little difficulty to 
replace the head into the newly deepened acetabulum. I  then 
detached the capsular edge fro m  the iliac bone, removing the 
exuberant parts, a n d  w ith three layers o f  sutures in the capsule, 
the muscles a nd  the skin, w ith drainage tubes inserted, I  closed 
the large incision.

“With the reduction o f  the dislocation the disappearance o f  
the m arked deform ity was noted in the supine position  and  
therefore the disappearance o f  the protrusion o f  the greater tro
chanter, the lumbosacral curve, a nd  the feeling o f  em ptiness on  
palpation o f  the inguinal region. The shortening o f  the lim b was 
notably less, being only 2  cms, this the result o f  atrophy o f  the 
lim b as was noted in the physical exam ination; a n d  to the 
shortening o f  the neck a nd  fem ora l head, both incompletely 
developed. Finally one m ight add tha t p ro o f o f  a good reduction 
was the fa c t that the lim b could be raised w ithout difficulty.

“The dressing was applied an d  the p a tien t returned to her 
bed in the supine position w ith one pillow  under the buttocks to 
keep the pelvis elevated a nd  w ith traction (extension an d  counter 
extension on the operated lim b by m eans o f  Volkm ann’s appara
tus).

“The postoperative course was uneventful. A fter 50  days, the 
pa tien t began to be about w ith crutches, the use o f  which was 
advised fo r  a tim e to spare the articulation while walking. The 
jo in t  was m obilized by massage a nd  m anipulation. The w ound  
had healed a n d  the p a tien t enjoyed a  good result fo r  the duration  
o f  her stay in the hospital.

“Now nothing o f  im portance rem ains except to add that the 
correction was m ain ta ined  a nd  tha t the present condition o f  
Olga was satisfactory 13 m onths after the operation. In truth  
none o f  the deformities returned, the shortening has rem ained 2  
cms; b u t the jo in t  has regained its principal movements, no t a t 
all painful. Because o f  this the p a tien t can sit comfortably and  
can walk a t length w ithout discomfort. There remains only an  
insignificant degree o f  lim p which would be corrected with a 
proper shoe.”

OSTEOTOMY, VIENNA
KARL CHIARI 

1950

“The basic concept underlying the procedure consists in con
structing a congruent shelf above the intact hip jo in t  w ithout 
bone grafting a n d  its inherent risks, a nd  in optimally correcting

♦ Karl Chiari
Professor of Orthopaedics in Vienna.
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♦ Robert Bruce Salter

Orthopaedic surgeon-scientist in To
ronto. The results of treatm ent of 
DDH by the methods of the fifties 
were seldom good, and this stimu
lated him to develop better methods. 
Well-focused benchwork in the lab
oratory has been the jum ping-off 
point for his clin ical innovations: in
nominate osteotomy, a classification 
of growth plate injuries, and contin
uous passive m otion. He spends 
much time teaching, and there can 
be few orthopaedic surgeons in the 
world who have not met him in per
son.

The earliest picture of Perthes dis
ease that I have been able to find. 
Benjamin Bell calls it “interstitial ab
sorption.” A treatise on  disease of 
bone, Edinburgh, 1828.

the pathologic position  o f the fem oral head. Lateralisation o f  the 
head is corrected by pushing it medially.”

INNOMINATE OSTEOTOMY
ROBERT B. SALTER 

1961

“There is m uch more than a defect in the roof o f  the acetabu
lum. Indeed, the entire acetabulum, rather than facing down
wards, is directed antero-laterally more than is normal, so that 
the fem ora l head is inadequately covered when the hip is ex
tended a nd  laterally when the hip is adducted. This observation 
explains why the reduced hip is stable in a position o f  abduction  
an d  flexion  an d  why it redislocates or resubluxates.. . .  The basic 
abnorm ality responsible fo r  instability o f  the reduced congenital 
dislocation is the abnorm al direction in which the acetabulum  
faces. I f  the entire acetabulum  could he m ade to face in  a norm al 
direction the reduced hip w ould be stable in the position o f  
function. Consequently, an  operation has been designed to redi
rect the acetabulum  as one piece.”

P c p f K e s '  D i s e a s e  

Infarction of the Femoral Head

A century ago, when a child began to limp and had hip pain, 
this used to mean only one thing—tuberculosis. With the advent 
of X-rays, a small number of children who did well were found to 
show a different radiologic appearance. Some time passed before 
the concept of avascular necrosis (AVN) was introduced. And we 
are still stuck with empirical treatment because the basic cause is 
still a mystery

Perthes’ disease produces such a characteristic deformity of 
the head of the femur that it seems unusual that it was not 
discovered in bone specimens. Bone is very durable, and all kinds 
of collections of pathologic material provided learning material 
before X-rays. The only picture of Perthes’ disease I found was in 
Benjamin Bell’s collection, though he didn’t know what it was.

First pictures were in Alban Kohler’s Atlas of 1905, and Fragen- 
heim had provided a pathologic description in 1909. Today we call 
it Perthes’ disease or even Legg-Calve-Perthes-Waldenstrom disease 
because he/they popularized it. This is the tradition. Diseases are 
named for the original describer only by mistake. Too much confu
sion and revisionism would arise if diseases had to be named for 
the original describer.
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AN OBSCURE AFFECTION OF 
THE HIP JOINT

ARTHUR T. LEGG, 1910

“We are a t times pa in fu lly  aware o f  the fa c t tha t there 
are m any sym ptom s which we readily recognise in our clinical 
observations to which we can assign no cause, a n d  it is also an  
undoubted fa c t tha t there are m any conditions which exist today 
o f  which we are ignorant.

“The cases which I  bring to yo u r  attention today seem to me 
illustrative o f  the fa c t tha t we, in the past, have no t observed 
certain conditions which truly exist, a nd  that now, having ob
served, we naturally m ust ask ourselves, are our observations 
fa u lty  or are they correct? and, assum ing them  to be correct, 
w hat is the cause o f  the condition?

“The firs t case, a well-developed girl o f  eight, was brought to 
the Children’s Hospital in October, 1907, w ith a history o f  a fa ll  
nine m onths before, im m ediately follow ed by a limp on the right 
which had  persisted. There had been no p a in  or constitutional 
symptoms.

“Exam ination showed norm al flexion  o f  the right hip w ith  
other motions much limited. There was very slight spasm, slight 
atrophy o f  the thigh a nd  calf, bu t no shortening. There was a 
slight a m o u n t o f  thickening anterior to the neck. The m otions o f  
the left hip were normal.

“A traction hip splint was applied, which she has worn since. 
She has had no acute symptoms, nor pain, an d  has rem ained in 
excellent general condition. The very slight spasm present a t the 
first exam ination disappeared in about a month.

“Exam ination o f  the right hip a t the present tim e shows 
motion in flexion  to 100 degrees, abduction to 50 degrees, adduc
tion normal. Internal a nd  external rotation is possible to about 
45 degrees. The thickening about the jo in t  has rem ained the 
same, a nd  the right leg now measures one quarter o f  an  inch 
longer than the left.

“There has been no p a in  or lim p on the left, an d  the m otions  
o f  this hip are normal. A slight a m o u n t o f  thickening, however, 
is fe lt about this hip.

“The Von Pirquet test was negative. Roentgenological exam i
nation shows the head o f  the right fem u r  to be fla ttened  and  
apparently spread out. The neck appears thickened a n d  shorter 
than normal. A n area o f  increased radiability appears in the 
upper p a r t o f  the head an d  neck. The left or apparently norm al 
side shows the sam e condition with the exception o f  the area o f  
increased radiability.”

[He describes four further cases.]

“In reviewing the cases, the follow ing facts in a general way 
are observed: (1) Age, five  to eight years. (2) History o f  injury.
(3) lim p . (4) Thickening about the neck o f  the femur. (5) Absence 
o f  pain. (6) Absence o f  constitutional symptoms. (7) little  or no 
spasm. (8) Absence o f  shortening.

♦  Arthur T. Legg (1874-1939)

Legg studied at Harvard, trained in 
H arva rd , worked at H arvard , and 
died in the Harvard Club of a heart 
attack. You could say he was a Har
vard m an. He pioneered the first 
adult o rthopaed ic c l in ic  w ith 
Goldthwait.

♦  Jacques Calve (1875-1954)

After studying in Paris he went to 
Berck-P lage on the coast. There 
were 1100 beds serving Paris for the 
cases of bone and joint tuberculosis. 
An X-ray m ach ine w as purchased 
about the time of his arrival, and he 
found 10 children out of 500 with 
hip disease w ho had som ething 
different— he called it "coxa plana." 
He also described vertebra p lana. 
He married an American.
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♦ Georg Clemens Perthes (1896- 
1927)

♦  Georg Clemens Perthes (1896-1927)

Perthes w as born the son o f a 
teacher in the R h ine lan d . H is  mother 
died of tu b ercu lo sis . A re lative  intro
duced him to Trendelenburg, who sug
gested he take up medicine. He became 
Trendelenburg's assistant and took the 
photos for the article on the Trendelen
burg sign. He went to China with the

German army and wrote a study of Chi
nese bound feet. He was a pioneer of 
radiotherapy; he wrote on jaw  injuries 
and nerve repair. His assistant Schwarz 
had taken an X-ray of Perthes' disease in 
1898, soon after the first machine was 
working, but nothing was published un
til 1910.

♦ Dallas B. Phemister (1882—
1951)

Phemister graduated from Chicago 
and left only to study in Vienna for 
a time. He was a general surgeon 
with a special interest in bones and 
joints. He coined the magic phrase 
"creeping substitution" to describe 
bone healing in Perthes' disease in 
1921. It may have been more help
ful if he had seen it as a pathologic 
fracture com p licated  by delayed 
union. He was an advocate of bone 
grafting— the Phemister graft— and 
an originator of epiphyseodesis.

♦ James Gordon Petrie (1905- 
1982)

From N ew B ru n sw ick  in C anad a, 
Petrie separated orthopaedics from 
general surgery in Montreal. He was 
an early  advocate for stab iliz in g  
fractures of the spine. He is remem
bered for abduction casts and the 
p rinc ip le  of conta inm ent for Per
thes' disease.

“It is worthy o f  note tha t all these cases sought advice solely 
on account o f  the limp. I t is also o f  interest tha t in two o f  the 
cases (the first a n d  the fourth ) the condition o f  fla ttening o f  the 
head o f  the fem u r  exists on both sides; a nd  it is o f  the greatest 
interest tha t in both cases there was entire absence o f  sym ptom s 
in one o f  the hips.

“Direct injury, i f  severe enough, m ight cause a fla tten ing  o f  
the head o f  the femur, a nd  in children o f  this age the head is 
certainly impressionable. Should this be the cause in these cases, 
the thickening a nd  shortening o f  the neck w ithout evidence o f  
fracture rem ains unexplained. We all know  tha t the history o f  
injury, especially in children, should be given m uch latitude, but 
in this group o f  cases, w ith a history o f  distinct injury in all o f  
them, it seems to m e that it m ust be considered, and  a t this time 
it seems to m e that a possible explanation o f  the condition is 
tha t the in jury m ay directly cause this condition by causing 
injury or displacement a t the epiphyseal line, whereby the nutri
tion o f  the head, com ing mostly through the neck, is impaired, 
a n d  by the poorly nourished epiphysis bearing on the acetabu
lum, it becomes flattened. Prom such an  injury a hyperemia o f  
the neck o f  the fe m u r  w ould occur, a n d  by this to stim ulate bone 
growth the thickening o f  the neck m ay be explained.

“O f the occurrence o f  a sim ilar condition appearing in the 
apparently norm al hip, I  shall not, a t this time, attem pt to offer 
a n y  explanation . C ontrecoup a n d  sym p a th e tic  in fla m m a tio n  
m ay be considered, bu t these are, to m y mind, very remote 
possibilities.”

Three authors published in 1910: Legg in February, Calve in 
July, and Perthes in October. They were magnanimous to each 
other in subsequent papers. Perthes pointed out that Legg had 
lectured on the subject a year before, and Legg wrote that it was 
largely due to Perthes that the disease was widely recognized.
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Slip o f  tKc Capital Femoral 
CpipHysis

In the days before X-ray, slip was just another cause of limp. 
And rather a benign cause. Today we make a great fuss about early 
diagnosis, because delay increases the risk of a catastrophic slip, 
avascular necrosis, and other complications. Earlier in the 20th 
century, the main interest in slips was the invention of osteotomies 
for the late case. Most slips today are internally fixed in an outpa
tient setting without complications.

ACUTE SLIPPED EPIPHYSIS

AMBROISE PARE, 1564

Ambroise Pare is often said to have described a slipped epiphy
sis, but the following description was the closest thing I could find. 
It seems to refer to growth plate injuries in general, but it would 
do for an acute slipped epiphysis.

Pare describes several types of dislocations, including the 
changes due to people having been tortured and put on the rack 
and those who have suffered the strappado on their arm. And then 
he goes on to say:

“There is also a fo u rth  one added to these, as when the 
epiphyses a nd  heads o f  the bones are plucked fro m  the bone 
whereon they were placed or fastened: which unproperly called 
kin d  o f  luxation, hath place chiefly in the bones o f  young  people, 
and  it is know n by the impotencie o f  the part, a n d  by the 
noise a nd  grating together o f  the crackling bones when they are 
handled."

JEAN-LOUIS PETIT, 1723

“Decollement—separation o f  the head fro m  the neck— in the 
sense tha t one says a crim inal has been beheaded; or else one 
m ay understand this word, the separation o f  the epiphysis fro m  
the neck, looking upon the cartilage that is fo u n d  between them  
as a cem ent tha t jo in s  both parts.”

ON THE DEFLECTION OF THE FEMORAL 
NECK IN CHILDHOOD: A NEW 

SYNDROME

ERNST MULLER, 1888

“In this paper I  describe an  affection o f  the upper end o f  the 
fem u r  o f  which I  have fo u n d  no notice in  the literature. In  p a st 
years in the Surgical Clinic a t Tubingen I  have seen a nd  carefully 
exam ined increasing num bers o f  cases, including one autopsy, 
and  besides in individual cases fo u n d  so closely conforming  
characteristic features tha t it seemed proper to describe a special 
pathologic process.

The pathology of a traumatic separa
tion of the proximal femoral epiphy
sis. II. head of the femur; D, end 
of diaphysis; C, detached periosteum 
and capsule. From Poland, 1898.
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“The course o f  the affection is as follows: In young individu
als fro m  14 to 18 years there occurs w ithout special cause or the 
result o f  any preceding p a in fu l traum a o f  the hip a limp, a 
weariness a nd  a gradual shortening o f  the affected limb.

“The sym ptom s develop quite gradually a nd  attain no spe
cial intensity that m ight confine the individual to extended bed 
rest. The patients are in other respects, except fo r  fortu itous af
fections, healthy, specifically w ithout evidence o f  other jo in t  or 
bone disease.

“On objective investigation there is fo u n d  an absolute short
ening o f  the diseased lim b in a m anner tha t shows equal m ea
surements fro m  the trochanter to the external malleolus w ith the 
trochanter moved 2  to 3 cm. higher. There is no swelling; instead, 
w ith fu rth er  progress, atrophy sets in. The lim b lies outwardly 
rotated to a lim ited degree w ith some contraction a t the hip; 
m ovem ent a t the hip, especially flexion, is b u t little diminished; 
rotation a nd  abduction is som ew hat more restricted. The mobil
ity a t any rate is so good that one m ust assume tha t the head  
will be fo u n d  in its socket (observing tha t the whole appearance 
o f  the lim b was no t that fo u n d  in a dislocation) a nd  that no 
serious changes would be fo u n d  in the jo in t  itself such as a 
w andering acetabulum  due to destruction fro m  caries. In  one 
case an exam ination was m ade under anesthesia, a nd  thereby 
one was convinced tha t the flex ion  a nd  the extension which had  
previously appeared to be som ew hat restricted had disappeared 
a n d  tha t these m ovem ents were completely free a n d  w ithout 
crepitus, so that the fem ora l head m ust be in a healthy joint. 
Abduction a n d  rotation rem ained som ew hat lim ited even under 
anesthesia.

“The shortening o f  the lim b depends on the fa c t that the 
diaphysis is shifted on the epiphysis so that the angle between the 
shaft a n d  the neck o f  the fe m u r  is lessened. That no separation o f  
the epiphyseal line exists is dem onstrated by the rotatory restric
tion o f  the arc o f  m otion o f  the greater trochanter. Based on the 
evidence in  the living subject, one m ust conclude tha t the sym p
tom  complex m ust lie in the fem ora l head. A more exact insight 
into the changes is gained by a specimen o f  fem oral neck and  
head prepared fro m  a case o f  resection o f  the hip jo in t  (S. W. 
Hauber). The changes in this specimen are quite remarkable on 
the sawed cross section o f  the head a nd  the neck. The fem oral 
neck gives the impression o f  being molded by pressure fro m  
above downward. In  accordance w ith this is the circumstance o f  
the neck’s being strongly extended in the longitudinal direction. 
The cartilaginous jo in t  surface is entirely healthy. The epiphyseal 
line is clearly seen as a narrow band. The epiphysis a distinctly 
crescent shape, a n d  lies like a cap over the diaphysis; i f  one draws 
a line fro m  both end poin ts o f  the epiphysis in a fro n ta l plane, 
the greatest distance o f  this fro m  the epiphyseal line is 1.2 cm. 
The diaphysis simulates an impacted fracture driven into the 
epiphysis.

“With this changed direction o f  the fem oral neck, the fem oral 
head by its constant relationship to the extremity m ust accommo
date itself to an  extreme position  o f  abduction, or rather in a
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position o f  abduction that it could not attain in a norm al rela
tionship; one can only th ink tha t a larger p a r t o f  the upper extent 
o f  the fem ora l neck was being drawn into the socket.

“Therefore, it is easily understood that abduction was re
stricted even under narcosis.

“I f  we ask about the process which has taken place in the 
bone a nd  has led to its deformity, we have a group o f  bone 
affections to choose fro m  which could lead to the bending o f  
the fem ora l neck. The diseases tha t come to m in d  are rickets, 
osteomalacia, osteitis deformans a nd  deformity o f  the neck fo l
lowing in flam m atory softening fro m  an  adjacent osseous focus.

“That it is rickets which gives rise to the described typical 
softening a n d  bending o f  the fem ora l neck allows no direct 
proof, b u t it appears to me that it represents the m ost plausible 
explanation with no know n facts in contradiction.”

CHONDROLYSIS

HENNING WALDENSTROM, 1930

“I  have treated three cases o f  necrosis in the jo in t  cartilage 
after epiphysiolysis. All o f  these cases got repositioned under  
anaesthetics a nd  were plastered in abduction a nd  inw ard rota
tions. For two m onths they rem ained in plaster bandages, where
upon they walked about fo r  one m onth on crutches. These three 
patients acquired a satisfactory mobility in their hip jo in t, though  
it d id  no t become normal. A fter some m onths the jo in ts  began to 
grow more a n d  more s tiff a n d  fina lly all m obility ceased. During  
the anaesthetic the fixa tion  loosened very easily w ith a creaking 
sound, as i f  the surfaces o f  the jo in ts  had been cemented together. 
Im m ediately after this the jo in t  showed a fin e  mobility, bu t the 
next day it already began to get s tiff again. A fter a time it was 
evident that nothing could be done.

“I f  one studies the X-ray film s, only five  m onths after the 
reposition one discovers, in case three, a thinning o f  the jo in t  
cartilage. In  the other two cases it was no t visible quite so 
soon.

“I  have seen no necrosis o f  the cartilage am ong the patients 
that have no t been repositioned. For this reason I  have not 
repositioned during the last fe w  years, bu t have p u t  the p a tien t 
to bed w ith p erm a n en t extension. Rotatory bandages are applied. 
The p a tien t has to remain like this fo r  two months. D uring the 
last fe w  years I  have used this m ethod in 24 cases an d  have not 
seen any cartilage necrosis.”

S ick le  CeII D isease

Sickle cell disease had been known for years. In 1949, Linus 
Pauling and others demonstrated the abnormal hemoglobin. This 
was one of the early studies of the bone problems.

♦ Johan Henning Waldenstrom
(1877-1972)

W aldenstrom  w as a surgeon in 
Stockholm, Sweden. He thought that 
Perthes' disease was a form of tuber
culosis when he first described it in 
1909.
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♦ Sir John Golding

After w orking  w ith  P h illip  W ile s , 
Golding started orthopaedics in Ja
maica at the new medical school. 
With the support of the community 
he built up rehabilitation, schools, 
and surgical care, using a mixture of 
enthusiasm, charm, and brains.

♦ William Mustard

Mustard was a general, orthopaedic, 
and cardiovascular surgeon at the 
Hospital for Sick Children, Toronto.

He w as a man w ith  a great 
sense of fun in public— he wore his 
tuxedo inside out at his retirement 
party and was reputed to scoop fish 
out of an aquarium  and sw a llo w  
them live. Behind this was the man 
who repaired arteries w ith glass 
tubes in the war, invented an opera
tion for blue babies, and, while car
ing for polio epidemics, invented his 
psoas transfer. The chief surgeon of 
the day fin a lly  told him that he 
would have to decide what kind of 
specialist he wanted to be and stick 
at that. He chose cardiovascular sur
gery, saying that it would take no 
more than 6 months to teach anyone 
the necessary carpentry to be an or
thopaedic surgeon.

JOHN GOLDING, 1959

“The bone changes can be conveniently divided into fo u r  
groups:

(1) Bone changes due to m arrow  hyperplasia.
(2) Bone changes due to thrombosis a nd  infarction m ay  

cause severe a nd  crippling disability. The fem oral head is most 
often affected.

(3) Growth effects—a chronic anaem ia will cause retarda
tion o f  growth.

(4) The crises a nd  secondary osteomyelitis. I f  a hone is 
affected the p a r t becomes hot a n d  swollen. This quite often occurs 
in the metacarpals, metatarsals a nd  phalanges o f  small children. 
I f  a jo in t  is affected it becomes acutely tender a nd  a large effusion 
develops: the f lu id  is deep yellow a n d  glairy, an d  it contains a 
fe w  red cells, som e o f  which are sickle shaped. Organisms o f  the 
salmonella group have often been fo u n d  in  these cases.”

Pam lytic Flip Dislocation

As more children with DDH are treated in the newborn period, 
PDH (paralytic dislocation of the hip) has become the commonest 
cause of hip dislocation in older children.

It was first described in 1866:

A. VERNEUIL, 1866

“A certain num ber o f  displacements o f  the fem u r  are due to 
more or less complete paralysis o f  the muscles that surround the 
hip, in other words the pelvi-trochanteric a n d  especially the but
tock muscles; we will call it paralytic dislocation o f  the hip.”

PAUL RECLUS, 1878

“Two conditions are necessary fo r  dislocation—atrophy o f  
one group o f  muscles while their antagonists retain their integ
rity. I f  all the muscles are paralysed, very great laxity a nd  an  
increased range o f  m ovem ent will be produced b u t no disloca
tion.

“A t the hip an iliac dislocation is the m ost frequent. I t is due  
to the p u ll o f  the adductors which is no t counterbalanced by the 
atrophied extensors a nd  abductors.”

SPONTANEOUS DISLOCATION 
OF THE HIP

REGINALD WATSON JONES, 1926

He studied 157 cases of polio affecting the hip. There are 9 
with severe adduction flexion contractures and “O f these 9  cases 
there were 6  w ith paralytic dislocation o f  the hip, a nd  these were 
the only dislocated hips in the whole series o f  157 cases.



Chapter 3 ♦ Child’s Hip 91

“It would appear clear that unopposed activity o f  the flexors 
a nd  adductors o f  the hip is the cause o f  paralytic dislocation.”

He includes in spontaneous dislocation those children with 
cerebral diplegia and septic arthritis.

“I  believe tha t spontaneous dislocation is rarely inevitable, 
a n d  tha t in the great m ajority o f  cases it is an  entirely prevent
able condition. The cause o f  spontaneous dislocation is a de
rangem ent o f  the norm al muscle balance with the production o f  
a flexion-adduction deformity; it is clear tha t the prevention o f  
dislocation resolves itself into the prevention or early correction 
o f that deformity, w ith re-establishment o f  muscle balance.

“Unfortunately, however, tha t Utopian state in which there 
is no treatm ent apart fro m  prophylaxis is ye t unrealised, and, 
whatever the fu tu re  m ay hold, the dem and  fo r  corrective m ea
sures still exists.”

Rebalancing muscle forces is an essential part of treatment. 
Various muscles were used, such as the tensor and sacrospinalis, 
but these did not work. Mustard and later Sharrard used the psoas, 
which had the power needed.

Iliopsoas transfer was reported by William Mustard in 1951 to 
replace the hip abductors. The muscle had the necessary bulk to 
equal the hip abductors, the iliac muscle fired electromyographi- 
cally when taking weight on the leg, and the distance of the lesser 
trochanter from the crest was the same as the distance to the 
greater trochanter.

W J. W. Sharrard moved the muscle posteriorly to replace both 
the abductors and the extensor in 1958, and this operation enjoyed 
some popularity for spina bifida children.

Swapping flip

This was described by Maurice Perrin (1826-1889) in France 
in 1866 and redescribed by Louis Ferraton in 1905.

Kefepcitccs

Chapter references are located in Chapter 26.

Mustard’s psoas transfer for paralysis 
of the gluteus medius. From Mustard 
WT: Iliopsoas transfer for weakness 
of the hip abductors. J  Bone Jt Surg 
1959, 41B, 289. Used with permis
sion.

♦ )ohn Sharrard

O rthopaedic surgeon in Sheffield, 
England.

After he identified the sites of 
the anterior horn cells in the spinal 
cord for each muscle with a view  to 
understanding the pattern of paraly
sis in polio, the disease began to 
disappear due to immunization. He 
transferred his enviable enthusiasm 
to spina bifida and made Sheffield a 
mecca for patients with this disease. 
Many children had progressive hip 
dislocation. He modified Mustard's 
transfer to take a more posterior 
course so that it would substitute for 
both abductors and extensors.

He is a musician and a linguist 
and has done much both to create 
pediatric orthopaedics as a subspe
cialty in Europe and to bring kindred 
spirits together.





♦ C h a p t e r  F o u r

THc Foot

The foot does not have the glamor of the hip, spine, or knee. It 
is not ’scoped, instrumented, or replaced. There are few or

thopaedists who puzzle more than a minute or two over the 
diagnosis. Patients self-diagnose and think of podiatrists w hen they 
have trouble with their feet.

Toward the end of the 19th century, the disease of f la t  fo o t  
was invented, and insoles and special shoes became a commercial 
success. In addition, there were many people with abnormal feet 
due to polio, rickets, uncorrected clubfeet, and malunited fractures. 
People walked more. Shoe stores were few. There were shoemakers 
who carved a last—a wooden copy of the foot—and made the 
shoes on this.

The foot is a complex machine, and better understanding of it 
has not resulted in major advances yet. Oddly enough, it was 
attempts to make a better lower limb prosthesis that ignited studies 
of foot mechanics by Verne Inman in California in the 1950s.

As the population ages, more and more people cannot reach 
their feet to take care of the calluses, nails, and ischemic lesions. 
Chiropodists provide these services.

Flistopy of Podiatpy

Doctors used to have little to offer for foot diseases and 
disguised their uselessness by pretending that the subject was 
beneath them.

Today chiropodists in the United Kingdom and podiatrists in 
the United States provide a lot of services. The word chiropody 
goes back to 1785 when David Low published a book called 
Chiropologica. Several books followed, and gradually chiropodists 
have gained professional status. In the United States, there was a 
New York Pedic Society in 1895, which became the National 
Asssociation of Chiropodists. They were confused with chiroprac
tors and started to call themselves podiatrists in 1918. Only in 1958 
did this become official. Today members of the American Podiatric 
Medical Association carry out about three fourths of the bunion 
operations in the United States and provide large numbers of 
orthotics.

Pre-conquest Mexican depiction of 
a clubfoot.

N O U V E L L E S  
OBSERVATIONS,

o u
M E T H O D E  C E R T  A I N  E 

S D R

LE T R A I T E M E N T  
D E S C O R S.

D a n s  laq u e lle  fe  rro u v en t deta ill^es leurs 
differences c a u fe s ,  &c les m oyens d ’une 
p ro m p te  &  rad ica le  g u e r if o n , d ’apres les 
experiences faires.

P a r  M .  R O U S S E L O T ,  C hirurgien.

A  L A  H A Y E ,

& Je  trouve a P a r is ,

Chez. P. A l e x . LE PR 1EU R ,  Im prim eur du R o i ,  tc 
dc l'Acad. R o y ale  dc C h iru rg ie ,  rue S. Jacques ,  

a l ’O livicr.

M. DCC. LXII.

The first book of podiatry, 1762, The 
Treatment o f Corns.
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THE ART OF PRESERVING THE FEET BY AN 
EXPERIENCED CHIROPODIST

ANONYM OUS, 1818

Chinese w om en’s bound feet in the 
last century. W hen Perthes was 
working in China, he took this pho
tograph of the foot and the shoe it 
had to fit.

“It has been too much the fashion, ever since the commence
m ent o f  the modern school o f  m edicine an d  surgery, to consider 
certain ailm ents o f  the h um an  body as beneath the dignity o f  
science; in consequence o f  which the neglected extremities o f  the 
system have been either consigned to the case o f  ignorant quack
ery or to the absurd an d  often dangerous remedies o f  vulgar 
prejudice a nd  tradition."

The w riter suggested the name podology and the need for 
examinations to qualify a person.

Clubfoot is not a proud story in orthopaedics. The cause of 
clubfoot remains unknown. The treatment remains the same in 
principle as it was hundreds of years ago, and it is unsatisfactory 
because the finest result always shows some giveaway signs. Club
foot still has an impact on the course of a whole life.

Famous Patients
Somerset Maugham, better known as a novelist than a physi

cian, was born with a foot deformity and made the hero of his 
story in O f H um an Bondage a person with a clubfoot.

Chinese ladies with bound feet. For a thousand years Chinese 
girls had their feet bound to make them  look sexy. Today as I listen 
to the crying in our clubfoot clinic and think of all the troubles a 
tight cast will inflict, I am amazed that such a habit was widespread. 
Children did die of binding. The idea was to prevent the foot from 
growing—like a bonsai tree—and approximate the metatarsals to 
the calcaneus and telescope the toes. These women walked with 
difficulty, contributing to the chauvinist myth of female help- 
lessless. The practice was banned in the 20th century.

Clubfoot. The medial deviation of the head of the talus is clear, as is the joint 
betw een the medial malleolus and the navicular. From Lionel Beale, 1833.
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Lord Byron was a poet, protagonist of Greek nationalism, 
and scandalous figure of the 19th century. He was born with a 
clubfoot, which was cared for by one of a family of bracemakers. 
This was a time w hen gentlemen wore knee breeches and hose. 
Byron concealed his thin calf and twisted foot with a padded shoe 
insert that has been preserved. An engraving of his foot deformity 
was made after his death and published. He wrote a play entitled 
“The Deformed Transformed”; the climax was a fairy going around 
touching deformities and making them go away. He was said to 
have the form and features of an Apollo with the feet and legs of 
a satyr. Denis Browne photographed his prosthesis.

M a d a m e Bovary. In this French novel, the author, Gustave 
Flaubert, tells the story of an operation for clubfoot. Flaubert’s 
father, a surgeon in Rouen, died with gangrene of his leg, and 
Flaubert describes an operation for Hippolyte, an adult with a 
clubfoot, that ended with gangrene and amputation.

In the novel, Monsieur Bovary, a village doctor, persuades 
Hippolyte that an operation would improve his walk and help his 
chances with the women. He reads a book and makes a splint.

“M B ovary approached H ippolyte ivith a tenotom e. He 
pierced the skin, a sharp crack was heard. The tendo Achilles was 
cut; the operation was finished. Hippolyte couldn’t get over his 
surprise. He covered Bovary’s hands w ith kisses.

“The splint was applied an d  that evening the Bovarys talked  
o f  the fo rtune a n d  fa m e  that would come fro m  the operation. A 
fr ien d  wrote an article fo r  the paper about this surgical tour de 
force. Five days later M  Bovary was called because Hippolyte 
was dying.

“He was writhing, the taliped, in atrocious convulsions, such 
that the contraption boxed around his leg was knocking against 
the wall hard enough to bash it down.

“Taking a great m any precautions, so as no t to disturb the 
position o f  the limb, the box was duly removed, a nd  they saw  a 
horrible sight. The shape o f  the fo o t was disappearing into a 
swelling, so gross tha t the entire skin  seemed ready to burst open, 
an d  it was covered w ith patches o f  bruising inflicted by the 
fa m o u s machine. Hippolyte had already com plained that it hurt; 
nobody had  listened; they had  to adm it tha t he had  not been 
completely wrong an d  they let h im  free  fo r  a fe w  hours. But 
hardly had the oedema gone down a little, than the two m en o f  
science thought f i t  to reinstall the lim b in the apparatus, clamping  
it on even tighter, to hasten the whole process. A t last, three days 
later, when Hippolyte could bear it no more, they removed the 
machine ye t again, a n d  were quite astonished a t the results 
confronting them. A livid  tumefaction was spreading up the leg, 
and  there were blistering patches, w ith a black liquid seeping 
out. Things were taking a serious turn!’

A priest was called.
“However, religion seemed no better fo r  h im  than surgery, 

a nd  the inexorable putrefaction was still spreading upwards fro m

The mythology of deformity. Lord 
Byron is depicted, not w ith his club
foot, but w ith a cloven hoof in this 
engraving by the malicious George 
Cruikshank.

Julius Wolff is well known for Wolff’s 
Law of bone remodeling but not as 
a surgeon. This is w hat he could 
achieve for clubfeet in a 29 year old 
man. (From Joachimsthal’s Surgery, 
1905—a goldmine of illustrations.) 
Wolff (1836-1902) was a Prussian 
w ho did research on the formation 
of bone and then became a professor 
of orthopaedics in Berlin.
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the extremities towards the stomach. Though they varied the 
medicines a nd  they changed the poultices, the muscles, day by 
day, slackened ever more, a nd  in the end Charles answered with  
a consenting nod o f  his head when asked if, as a last resort, they 
could send fo r  M onsieur Canivet o f  Neufchatel, a fa m o u s man.

“A doctor o f  medicine, f ifty  years old, enjoying a good prac
tice an d  a certain self-assurance, this colleague gave a bluntly 
disdainful laugh when he uncovered the leg, now  gangrened as 
high as the knee. B luntly declaring tha t it m ust be amputated, 
he w ent across to the pharm acist’s, to sound o ff  against the asses 
who could have reduced a poor m an  to such a state.

‘“G imm icks fro m  Paris, eh! Big ideas fro m  the gents in the 
m etropolis! It goes w ith  strab ism us a n d  chloroform  a n d  
lithotom y—a load o f  rubbish the governm ent should p u t  a stop 
to! B u t they ju s t  w an t to look cute, a n d  they thrust their remedies 
a t you  quite regardless o f  the consequences. Oh, no; w e’re not 
tha t clever, no t like them; w e’re no t experts, dandified triflers, we 
are practitioners, healers; a n d  we w ouldn’t  dream o f  operating 
on anyone who was perfectly well. Straighten up a club-foot! How  
can yo u  straighten up a club-foot? You m ight ju s t  as well try to 
fla tten  ou t a hunchback!’

“H omais was suffering as he listened to this sermon, and  he 
hid  his discomfort behind a courtier’s smile, needing to appease 
M onsieur Canivet, whose prescriptions som etimes came as fa r  as 
Yonville; so he d id n ’t go to Bovary’s defence, he d id n ’t offer any  
comment, and, betraying his principles, he sacrificed his dignity 
to the more serious interests o f  his business. In  the village it was 
a great event, this thigh-amputation by Doctor Canivet. On the 
day itself, the inhabitants were up earlier than usual, a nd  the 
m ain  street, crowded though it was, seemed rather lugubrious, 
as though there were to be a public execution. A t the grocer’s 
they were discussing Hippolyte’s illness; the shops d id  no trade, 
a nd  M adam e Tuvache, the m ayor’s wife, never left the window, 
in her eagerness to watch the surgeon arrive.

“He came in his cabriolet, which he drove himself. B u t be
cause the right-hand spring was sagging fro m  years o f  carrying 
his p lu m p  bulk, this m ade the carriage lean over slightly as it 
w ent along, a nd  on the other cushion, next to him, yo u  could see 
a huge box, covered in supple red leather, w ith three brass locks 
that glittered magisterially.

“Passing like a w hirlw ind through the archway o f  the Golden 
Lion, the doctor, in a very loud voice, ordered them to unharness 
his horse, then he w ent into the stable to see i f  she was eating 
her oats properly; for, ivhenever he called on a patient, he always 
looked first to his mare a n d  his carriage. People even said o f  this: 
H e’s a character, is M onsieur Canivet!’ A n d  he was esteemed the 
more fo r  this imperturbable aplomb. The universe could have 
fallen about his ears a nd  he would no t have fa iled  in the smallest 
o f  his habits.

“H omais m ade his appearance. ‘I ’m  counting on you,’ said  
the doctor. Are we ready? Forward, march!’

“B ut the apothecary, w ith a great blush, confessed tha t he 
was too susceptible to attend such an  operation . . .
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“4crops' the silence tha t filled the village, a harrowing cry 
travelled through the air. Bovary turned pale, alm ost swooning. 
Her brow twitched into a frow n, a n d  she w ent on. I t  was fo r  
him, fo r  this creature, fo r  this m an who understood nothing, who  
fe lt nothing! For there he sat, quite placidly, entirely unaware  
that the ridicule o f  his nam e would henceforth sully her as well 
as him.

“Charles was listening, motionless, to the last cries fro m  the 
am putation which issued in  a  slow heavy wail, broken by jagged  
screeching, like the far-o ff bellow o f  som e creature being slaugh
tered. . . .

“So it was that he p a id  ou t three hundred francs fo r  a 
wooden leg which she reckoned appropriate as a g ift fo r  Hippo- 
lyte. The socket was lined with cork, a nd  it had spring-joints, a 
complicated device swathed in a black trouserleg, w ith a polished  
boot on the end. B u t Hippolyte, no t daring to use such a fin e  leg 
fo r  everyday, begged M adam e Bovary to procure h im  another 
more suitable. The doctor, naturally, m et the cost o f  this purchase  
as well.

“A n d  so the ostler gradually took up his work again. He was 
to be seen as before, getting about the village, a n d  whenever 
Charles caught the sound, in the distance, o f  tha t leg tapping 
along the pavem ent, he turned a corner rather quickly.”

TIMELINE OF CLUBFEET UNTIL 1900
2000 b c  Pictures of clubfeet found in Egyptian tombs 

400 b c  Hippocrates believed that the deformity was due to intra
uterine pressure. He described gradual correction using 
serial bandaging, little different from what we do today. 
Over the centuries the materials change. Bracemakers and 
bonesetters carried out much of the treatment. Surgery 
began with simple tenotomies, which must have yielded 
disappointing results in the days before anesthesia or asep
sis. Only lately has surgery become the treatment of choice 
for failures of nonoperative methods.

1564 Pare—iron boot

Pare’s splint for clubfoot.
Box continued on following page
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♦  William Cheselden (1688-1752)

London surgeon and anatomist. In 
1 733, he wrote Osteographia, which 
showed the bones life-sized. As a 
child, he was treated for an elbow 
fracture by a bonesetter using ban
dages soaked in egg white and flour. 
He introduced this for the treatment 
of clubfeet.

♦ Antonio Scarpa (1752-1606)

Italian general surgeon and anato
mist, who described Scarpa's fascia. 
He wrote a book on clubfoot, draw
ing attention to the talonavicular dis
location . He produced a popular 
clubfoot splint with a spring. Brace- 
makers were quite secretive at this 
time, and Typhesne in Paris had a 
splint with a spring. Scarpa bribed 
the housekeeper to let him  into 
Typhesne's liv ing  room , w here he 
glimpsed the spring and copied the 
idea.

♦ Johann Friedrich Dieffenbach 
(1792-1847)

He sent clubfooted L ittle  to Stro
meyer for a tenotomy. He was so 
amazed by the result that he started 
to do the operation h im self. He 
made plaster casts for clubfoot. He 
wrote a 70-page catalogue of exten
sion beds and chairs in 1829. A sar
donic humorist.

The brace that made Scarpa famous, 1603- He stole this from Venel, who 
kept the design secret.

1740 Cheselden—egg white and flour bandages changed every 
2 weeks

1784 Thilenius begins the era of surgical releases, followed by 
Petit, 1979; Delpech, 1816; Stromeyer, 1831; little, 1839

1789 Jean-Andre Venel invented a spring brace for correction 
of clubfoot

1803 Scarpa’s adjustable brace to secure gradual correction
1803 Scarpa dissects the feet and describes the talus being dis

placed in an acetabulum: “A twisting of the scaphoid, os 
calcis and cuboid around the talus.”

1832 Dieffenbach—put foot in a box and held it corrected while 
the box was filled with plaster

1836 Guerin—plaster mold
1839 Little believes the cause to be a nerve lesion. Adams and 

Chapman had similar views.
1842 The controversy between the operative and nonoperative 

blows hot. In the journal that became the New England 
Journal of Medicine, J. B. Brown wrote an article on the 
surgical treatment of clubfeet at the Orthopaedic Infirmary 
in Boston. It was attacked by Dr. Chadbourne. Here is 
Brown’s reply in the Journal:

“Sir, An abusive communication of me and the Orthope
dic Institution appeared in your Journal o f yesterday, 
signed by Thos. Chadbourne, o f Concord, NH. I  know 
nothing of Dr. Chadbourne except that he put a young 
lady, a relative of his, under my care, for which he has 
never paid me. When she returned home, I  made a pres
ent to Dr. Chadbourne of some parts of the apparatus 
that she had used tender my care. The abusive communi
cation in your Journal, is the gratitude he returns. At any 
rate I  shall take no further notice of him.”



1846 Anesthesia opens the era of forcible m anipulation— 
Thomas Wrench. Later Denis Browne produced an even more 
fearsome wrench.

1854 Mathijsen—plaster of Paris bandages
1866 William Adams dissects 30 clubfeet and describes talar defor

mity in a book:

“I  strongly advise, that if  the child be in good health, the 
operation should be performed about the second month. 
Delay beyond the second month is unnecessary, and cer
tainly acts prejudicially upon the ultimate results of the 
case.”

1890 “The distortion of the soft tissues has been out o f all propor
tion to the deformity of bone”—K. M. Phelps. He reviews the 
results of 161 operations for clubfoot and illustrates a long 
lever machine for forcible correction.

1897 Charles Morton starts to take X-rays of clubfeet.
1897 Courtillier—spinal cord theory of clubfeet

TIMELINE FOR CLUBFEET AFTER 1900
1902 Alexander Ogston of Aberdeen—starts to remove ossific nu

cleus of the talus to allow correction of its deformity. “A 
tarsal bone which has been deprived of its osseous centre is 
soft and plastic, like a squeezed orange, and very moderate 
pressure upon it suffices to mould it into any required 
shape”

191? Robert Jones—adhesive strapping
1928 Aschner and Engelmann stress genetic etiology.
1929 White ascribes the deformity to a lesion of the lateral popli

teal nerve.
1930 Brockman hypothesizes that clubfoot is due to a congenital 

dislocation of the head of the talus.
1932 Hiram Kite—popularizes serial casting for clubfeet.
1932 Middleton hypothesizes that clubfoot is due to muscle dis

ease. Many others have also expressed this idea.
1937 Brockman describes pathology: “Congenital club-foot is due 

to a congenital dislocation of the head of the astragalus,
. . . due to an atresia of the socket into which the head of 
the astragalus normally fits. . . . The deformity results from  
an intrinsic and not an extrinsic cause.”

Box continued on following page

♦ Ernest Phillimore Brockman
(1894-1977)

London orthopaedic surgeon. He wrote 
a book on clubfoot— he believed that it 
was due to aplasia of the socket for the 
head of the talus, analogous to develop
mental hip dysplasia.
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The talus and navicular of a child of 
6 years. “The obliquity of neck, and 
lateral surface of head of the bone 
are well exhibited. The navicular ad
m itted  o f be ing  only partially  
brought into its natural position, in 
consequence of the existing ligamen
tous adaption.” William Adams, 1866.

♦ Hiram Kite, 1891

He succeeded Hoke as director of 
the Scottish Rite Hospital in Atlanta 
and popularized the cast treatment 
of clubfoot in an article. It was gen
erally believed that he never gave 
up casting for surgery.
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F. Wood-Jones was a great Melbourne 
anatomist w ho saw things that oth
ers did not see—such as a kind of 
acetabulum for the head of the talus. 
From Wood-Jones F: Structure and 
Function as Seen in the Foot. Lon
don: Balliere, Tindall and Cox, 1944. 
Used w ith permission.

♦ Vincent Turco

Working part-time at the Newington 
Children's Hospital, he developed a 
standard posteromedial approach to 
clubfoot. His writings and courses 
made it easy for others to follow 
his teaching.

♦ Denis Browne, 1892-1967

An Australian, who came to Eng
land after serving in World War I. 
He became the leader of pediatric 
surgery at The Hospital for Sick 
Children, London. He is still re
membered for the Denis Browne 
splint for clubfeet and being a co l
orful personality. He was a great 
innovator— of a bicycle saddle, a 
grip for a tennis racquet, as well 
as several operations.

1937 Denis Browne believed, like Hippocrates, that clubfoot was 
due to uterine pressure. He thought this was obvious and 
did not need experiments to prove it. “No one can play 
experiments on the planets, but yet we know a great deal 
about them:' He used to strap the feet to plates and used a 
bar joined to both feet to produce movement w ithout the 
muscle wasting produced by casts. “Function is more im
portant in any disability than structure 

1940 Keith’s theory of medial mesenchymal dysplasia 
1944 Wood-Jones’ book, Structure and Function as Seen in the 

Foot—picture of “acetabulum for the talar head"
1961 Dilwyn Evans shortens the lateral border of the foot.
1971 Turco—changes emphasis from lengthening tendons to open 

reduction of joints.

BOOKS ON CLUBFOOT
400 b c  Hippocrates 

1781 Camper 
1798 T. Sheldrake, London 
1803 Scarpa
1818 J. H. Wishart, London
1838 J. Guerin, Paris, also 1876
1839 G. Krause, London 
1839 W. J. Little, London
1839 T. D. Muetter, New York
1840 W. L. Detmold, New York 
1863 R. Barwell, London, also 1865 
1871 W. Adams
1908 P Nicod, Lausanne 
1930 E. P. Brockman, London 
1964 Hiram Kite 
1967 Inge Reiman, Copenhagen
1980 W. Lehman, New York
1981 Turco, New York
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The approach to the treatm ent of clubfoot has undergone great 
change since this picture was published in 1890. Denis Browne had 
a similar machine that he was shy of publicizing, and children had 
an anesthetic every week for a manipulation until the broken foot 
could be placed in a corrected position in a cast. Phelps: Med Rec.
1890, 38, 593.

Treatm ent

There is always some new wrinkle being applied to the treat
ment of clubfeet, and the outcome is gradually improving. Methods 
have changed only in detail during the last 2000 years. Molecular 
orthopaedics is only now beginning to touch this subject.

Bracing and Casting
Hippocrates used bandages and sometimes a lead malleable 

splint. He put older children in a shoe that “does not yield to the 
foot, but the foot yields to it.” Clearly there is nothing very novel 
about the idea of a corrective shoe!

At first the bracemakers looked after children with clubfoot. 
They used adjustable braces with the same kind of limited success 
that we gain from serial casts today. Then a number of doctors 
moved in, using bandages dipped in egg white, which must have 
taken forever to set. These splints were often guarded secrets. 
Some of the names associated with these methods include Venel, 
Cheselden, Pare, Glisson, Scarpa, Arceus, Hildanus (1652 turn- 
buckle illustration), Sheldrake, Colies (1818). Dieffenbach used 
plaster casts 150 years ago much as we do today, and so did Guerin 
and Mathysen.

WILLIAM LITTLE AND HIS CLUBFOOT, 
1839

“A t an early period  o f  m y medical studies, I  devoted much  
attention to the nature o f  these distortions, fro m  the circumstance 
o f  m y being afflicted w ith Talipes in the left foot; a nd  although  
I  consulted the m ost approved surgical authorities, an d  m any  
members o f  the profession in the metropolis, fro m  none did  I  
receive the slightest prospect o f  cure, a nd  was compelled to be

Here is another example of forcible 
correction. From Joachimsthal, 1905.

Before serial cast correction of club
feet became the norm, all kinds of 
adjustable splints w ith springs and 
elastics w ere used. Some were trade 
secrets. From Joachimsthal, 1905.
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♦ William John Little (1810-1894)

Afflicted with a clubfoot caused by 
polio, he studied medicine in the 
hope of finding a cure— without suc
cess. Then he heard of tenotomy in 
Hanover and went to work as a Fel
low with Stromeyer. After seeing im
provement from the method, he had 
his own heelcord lengthened, with 
a good result. He wrote a thesis on 
clubfoot and came back to London 
to found a hospital to provide tenot
omy for the correction of deformity. 
He also described  cerebra l pa lsy 
caused by difficult delivery.

♦ Jacques-Mathieu Delpech 
(1777-1832)

He founded an orthopaedic institute 
in Montpellier and founded ortho
paedic surgery in France with his 
book De L'Orthomorphie, published 
in 1828. An enthusiast for tenotomy, 
he was murdered by a patient whose 
varicocele he had treated.
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The City Orthopaedic Hospital in London 
was founded in 1851 and was in constant 
financial difficulties, leading to the staff 
resigning and patients being sent away 
until the next fund-raising event. This is 
a tune w ith a contem porary ring. From 
Cholmeley JA: The History of the Royal 
National Orthopaedic Hospital. London: 
Chapm an and Hall, 1985, Fig. 3- Used 
w ith permission.

content w ith the assistance afforded by wearing mechanical in
struments. Being particularly desirous o f  obtaining information  
respecting the anatom ical condition o f  the limb, a n d  find ing  the 
preparations in museums, as well as the published materials, 
extremely insufficient, m y inquiries were diligently directed to 
the a tta inm ent o f  fu r th er  inform ation on the anatom y o f  the 
subject. I  obtained, however, only the m ost discouraging opinions; 
the affection having invariably been attributed to m alformation  
a nd  ankylosis o f  the individual bones o f  the tarsus, the m uscular 
contraction having been regarded as secondary.

‘‘In  the year 1832 I  learned, fro m  Cruveilhier’s Anatomie 
Pathologique, that Delpech had  proposed, a n d  actually carried 
into effect, the division o f  the tendo Achillis. I  anxiously perused  
the Chirurgie Clinique (1823) o f  the latter; a nd  having become 
thoroughly convinced o f  the feasibility o f  his plan, I  again con
sulted m y professional friends, who respectively dissuaded me 
fro m  subm itting to the operation, being o f  opinion that inflam 
m ation an d  diffuse suppuration, w ith exfoliation o f  the tendon, 
w ould  probably occur; that m alform ation o f  the bones certainly 
existed; a n d  that, were the operation practicable w ith safety, it 
was doubtful whether, after division o f  the tendo Achillis, the 
astragalus could be replaced beneath the axis o f  the tibia; and, 
moreover, that even should the heel be depressed, ankylosis o f  the 
ankle would in all probability take place. These objections did  
n o t satisfy m e o f  the impropriety o f  the operation; bu t m y confi
dence was greatly dim inished by discovering that Delpech, in 
his second work (De l’Orthomorphie, 1829), published six  years 
afterwards, had  narrated the sam e case, w ithout announcing  
any repetition o f  the operation. Notwithstanding that the argu
m ents against the operation adduced by the Parisian journals  
did  n o t appear well founded, I  reluctantly follow ed the advice o f
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This illustration shows w here Stromeyer’s tenotom y was done and how  it healed. 
It was a complete section. Correction was gradual in this splint.

B e i t  r a g e  

O iie i-a tlv cn  O rtlio iif id lk

E r f a h r un g en
iiber die

subeutane D urchschneidung verkiirzter Musfceln 
unci deren Sehnen,

I ) 1' L o u is  S tro m e y e r ,

Mil 8 lithographirlen Tafeln.

H a n n o v e r .
Im Yevlage iler« llehviog’̂ clten Hof-Ducliliandlung.

1 8  3  8 .

Title page of Stromeyer’s book.

m y friends, a nd  relinquished the project o f  obtaining relief by 
this means.

“In  the year 1834, I  was much gratified by learning, fro m  
the “Archives generates de Medecine,” tha t Dr. Stromeyer o f  H an
over had  proposed som e very im portant modifications o f  the 
plan  o f  Delpech, a n d  had  successfully operated two cases. A 
perusal o f  the reports satisfied m e o f  their resemblance to m y  
own lameness, a nd  led m e to the resolution o f  proceeding to the 
Continent. In  1835 an d  the spring o f  1836 1 visited Leyden, 
Leipsic, Dresden, a n d  Berlin; a nd  in these cities fo rm ed  the ac
quaintance o f  several distinguished anatom ists and  surgeons, 
fro m  m ost o f  whom, in answ er to m y inquiries respecting the 
operation o f  division o f  the tendo Achillis, I  still experienced only 
disappointment. B u t Professors f. Muller a nd  R. Froriep appeared 
to investigate the fo o t entirely w ith  reference to its individual 
anatom ical a n d  m orbid  characters, discarding the notions o f  the 
necessary dependence o f  these distortions on m alform ation o f  
the bones, as well as the danger o f  w ounding tendons. Professor 
Muller, in reply to the question o f  the propriety o f  the operation 
as deduced fro m  the anatom ical condition, was o f  opinion that 
no improper conformation o f  the bones existed calculated to 
impede the replacement o f  the foot. Professor Froriep considered 
tha t the m ethod pursued  by Dr. Stromeyer was based on sound  
surgical principles; that the report o f  his cases denoted the posses
sion o f  great talents a nd  indefatigable perseverance; a n d  tha t the 
perform ance o f  the operation was consequently advisable. Hav
ing thus been strengthened by the ju d g m en t o f  these em inent 
professors o f  the University o f  Berlin, I  determ ined on placing

♦ Georg Stromeyer (1804-1876)

He worked as a surgeon in several 
German cities but took root in Frei
berg. He was surgeon general to var
ious armies and wrote a textbook of 
military surgery. In 1833, while he 
was in Hanover, he published on 
tenotomy for clubfoot, and today's 
operations go back to this in a con
tinuous line. In 1838 he wrote a text
book of orthopaedic surgery with te
notomy as its theme.
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T enotom y began  w ith  D elpech  in 
1816 and Stromeyer in 1832, but this 
is one of the early illustrations of 
the technique from Sayre’s New York 
book of 1879.

Vertical talus. This is from one of the 
early articles in English by Lamy and 
Weissman in 1939, showing shoes 
before and after operation—a good 
outcome measure. From J Bone Jt 
Surg. 1939, 21, 79, Figs. 5 and 6. 
Used with permission.

m yself under the care o f  Dr. Stromeyer; a nd  to his skill and  
kindness I  am  indebted fo r  the restoration o f  m y foot.

“This exposition o f  the circumstances which m duced me 
to study this class o f  diseases may, perhaps, be considered an  
unnecessary intrusion; bu t as it serves to illustrate the prevalence 
o f  the belief in the incurability o f  distortions which had existed 
fo r  any considerable length o f  time, the w ant o f  general inform a
tion respecting their anatom y a n d  pathology, a nd  the opinion o f  
the danger o f  dividing large tendons, I  trust it w ill n o t be entirely 
destitute o f  utility. I t will likewise explain the reason o f  a  physi
cian deviating fro m  custom by the performance o f  a surgical 
operation.

“Through the liberality o f  Dr. Stromeyer, I  was afforded the 
opportunity o f  practising this operation in Hanover, July 1836. 
Subsequently a t Berlin, in conjunction with Professor Dieffen- 
bach, who, on m y return to that city, adopted this operation with  
the whole ardour o f  his genius, I  treated upwards o f  thirty 
patien ts affected with various gradations o f  Club-foot. I  am  also 
indebted to Professor Muller fo r  having placed a t m y disposal 

fo r  dissection the num erous collection o f  foetuses affected with  
distortion, contained in the Berlin Museum.

“The Stromeyerian m ethod o f  cure had no t been practised in 
this country until the perform ance o f  the operation by me in 
London, Feb. 20, 1837. I  had supposed m yself the first British 
practitioner who had  effected division o f  the tendo Achillis; bu t I  
have since learned that Mr. Whipple perform ed the operation, 
according to the m ethod pursued  by M. Bouvier o f  Paris, as 
early as May 1836; I  have therefore to congratulate h im  on the 
precedence. B u t although I  cordially a d m it the m erit due to that 
gentlem an in having been the firs t in this country to resort to 
any operation fo r  the radical cure o f  this distressing deformity, I  
must, nevertheless, respectfully contend fo r  the distinction o f  hav
ing introduced the Stromeyerian m ethod o f  cure, which, fo r  rea
sons hereafter detailed, will in all probability be universally 
followed. The m ethod o f  M. Bouvier, however safe and  successful 
in a sm all proportion o f  cases, is totally inapplicable in the more 
severe cases, which are very numerous.

“Since the first publication o f  Stromeyer on the subject, several 
hundred cases have been operated in various parts o f  the Conti
nent. I  have already treated eighty-two cases (nine o f  which have 
been members o f  fam ilies o f  medical men), some requiring divi
sion o f  the tendo Achillis only, others that o f  two or more tendons.”

Vertical Tains

This disease is a memorial to bad language teaching at school. 
Many people believe that the condition was first described in 
English in the 1960s because all the earlier descriptions of the 
1920s and 1930s were w ritten in French and German and went 
unread by the rest of the world. Mile. Henken gave the first 
complete description in Lyon in 1914.
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F la t  T -oot: T K e  yWytK a n d  tK c

I have always been a flat foot skeptic. Flat feet provide a 
healthy person with an opportunity to play the role of a patient 
without much risk. And for a parent to play the role of someone 
both observant and caring. Having a flat foot is not like having 6 
fingers—the diagnosis is often a matter of opinion. The complaints 
are subjective.

In 1876, Sayre’s textbook described scores of patients he 
treated for flat feet; he describes one patient in detail for whom  he 
injected strychnine repeatedly into weak tibial anterior muscles, 
applied electricity and a special splint, and then steel soles. With 
great success.

"I  am  inclined to th ink that the frequency o f  troubles caused 
by overstraining the arch o f  the fo o t is no t appreciated, an d  that 
the condition is no t generally recognized, because nearly every 
p a tien t w hom  I  have treated fo r  this affection, m any o f  w hom  
presented the typical appearances o f  f la t  foot, som etimes to ex
treme degree, were taking, or had  taken fo r  long periods, internal 
remedies on the supposition tha t the sym ptom s were caused by 
rheumatism .”

Whitman was the inventor of hammered custom steel arch 
supports that were such a test of an orthotist’s skill. In 1917, 
Whitman records that 30% of new patients coming to the Hospital 
for the Ruptured and Crippled in New York were diagnosed to 
have weak feet. In his book he writes about “weak ankles” being 
common in children and he seems unaware of generalized joint 
laxity. Another diagnosis is “outgrown joints.”

“I t is an  unfortunate thing that anatom ists have employed 
the term ‘arches’ to the h u m a n  foot." A. Lane, 1895

Tubby’s textbook devotes 30 pages to flat foot in 1896.

In times past, armies marched on their feet for days carrying 
heavy packs. Foot health was important. I remember as an army 
doctor being taught about daily inspections of soldier’s feet—a 
gross task. Feet became the subject of scientific study. During 
World War II, R. I. Harris carried out the Canadian Army foot 
survey and found that 14% of the population has flat feet. For a 
time everyone was recruited regardless of foot shape and put 
through basic training to see who would have problems. He discov
ered that high arches were more likely to produce pain than 
low arches.

Anatomists of the last century found skeletons with bony 
fusions but did not relate them to symptoms in life. John Hunter 
put a specimen in his museum. Professor Sloman of Copenhagen

W alsham ’s e lastic  su p p o rt for flat 
foot. From Lancet, 1884, 1, 155.

W hitm an  P late (1888). This w as 
hammered out of steel—a trium ph 
of panel beating. Imagine how  un
comfortable this must have been.

Tapsal Coalition
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♦ Arthur Steindler (1878-1959)

He trained with Lorenz in Vienna 
and then moved to the United States 
in 1970. He made many advances 
and wrote widely. He had no ch il
dren: one of his residents told me 
that they were treated like his ch il
dren. He was one of the first to oper
ate for pes cavus.

Steindler’s drawing of his operation for 
plantar fasciotomy. He used an osteotome. 
From Steindler A: J Orthop Surg. 1920, 
2 , 8- 12.

in 1920 took X-rays of 5 young people with stiff, painful flat feet 
and found the bar, but it was the Canadian Army Foot Study, 
steered by R. I. Harris and T. Beath of Toronto, that put tarsal 
coalition on the map.

ETIOLOGY OF PERONEAL SPASTIC FLAT 
FOOT

R. I. HARRIS AND THOMAS BEATH, 1948

“A type o f  rigid f la t  fo o t which is accompanied by contraction 
o f the peroneal muscles has long been recognized. The etiology is 
obscure. Correction o f  the deform ity seems to be prevented by 
tension o f  the peroneal muscles, a n d  there has been wide accep
tance o f  the thesis tha t the deform ity is caused by peroneal 
muscle spasm induced by p a in fu l stim uli arising fro m  the tarsal 
joints. I t has been assum ed that these stim uli result fro m  abnor
m al stresses thrown upon the tarsal jo in ts  by severe degrees o f  
w eak f la t  foot. The concept, therefore, has been that o f  a weak 
f la t  fo o t which originally was flexible bu t which was transformed 
later into a rigid f la t  fo o t by the developm ent o f  peroneal spasm.

“This theory does not explain all the features o f  peroneal 
spastic f la t  foot. In m any cases it can be demonstrated by electro
myographic studies that there is no spasm o f  the peroneal m us
cles; the peronei react in every way as do norm al muscles. The 
apparent spasm, in reality, is an  organic shortening o f  the mus
cles adaptive to long-continued deformity. I f  all possibility o f  
peroneal spasm is elim inated by novocaine block o f  the peroneal 
nerve, by section o f  the peroneal nerve, by section o f  the peroneal 
tendons, or by anaesthesia supplemented with curare, the defor
m ity still persists in m any cases.

“It is difficult to believe tha t peroneal spastic f la t  fo o t devel
ops fro m  flexible f la t  fo o t by reason o f  the stresses which fa ll 
upon the tarsal joints. Flexible f la t  fo o t is comparatively com m on  
in childhood, adolescence, a nd  young  adult life, a nd  it is not at 
any tim e accom panied by peroneal spasm. On the other hand  
peroneal spastic f la t  fo o t is rare, an d  when it does occur it often 
dates back to early childhood. The fo o t has always been stiff. This



suggests that it is a separate type o f f la t  foot, probably congenital 
in origin, a nd  rigid fro m  the onset.

“In 1921 an im portant contribution was m ade by Sloman. 
This was supplem ented in  1927 by Badgley. Both authors ob
served tha t certain severe cases o f  the deformity were associated 
with a structural anomaly, nam ely fu sio n  o f  the anterior process 
o f  the calcaneus to the navicular, coalescentia calcaneonavicu- 
laris, or calcaneonavicular bar. Little attention has been p a id  to 
these im portant contributions.

“In  this paper we shall show tha t m ost cases o f  so-called 
peroneal spastic f la t  fo o t are due to tarsal anomalies.”

M o t i o n ' s  jV lc t a t a i * s a lg ia

A PECULIAR AND PAINFUL AFFECTION OF 
THE FOURTH METATARSOPHALANGEAL 

ARTICULATION
THOMAS G . M ORTON, 1876

“During the p a s t fe w  years, I  have had  under m y care a 
num ber o f  cases o f  a peculiar a n d  p a in fu l affection o f  the foot, 
which, so fa r  as I  am  aware, has not been described.

“In  these cases the p a in  has been localized in the fo u rth  
metatarsophalangeal articulation; in several instances it follow ed  
a t once after an  injury o f  the foot, in others it was gradually 
developed fro m  pressure, while in others there was no recog
nized cause.

“Case 1: Mrs. f ,  the m other o f  three children, consulted m e 
in July 1870 a nd  gave the follow ing history o f  her case:

‘“D uring the sum m er o f  1868, while travelling in Switzer
land, I  m ade a pedestrian tour to the Valley o f  the Faulhorn 
M ountain, a nd  when descending a steep ravine, I  trod upon  
quite a large stone which rolled fro m  under m y foot, causing me 
to slip, throwing m y entire weight upon the forw ard  foot; though 
not falling, I  fo u n d  m y right fo o t injured; the p a in  was intense 
and  accompanied by fa in tin g  sensations. With considerable diffi
culty I  reached the valley o f  the Grindelwald, where fo r  hours I  
endured great suffering. After this I  fo u n d  it impossible to wear

♦ Thomas G. Morton (1835-1903)

Morton w as born in P h ilad e lp h ia  in 
1835, the son of a physician, and was 
graduated from the University of Penn
sylvania in 1856 with a thesis on cata
ract. He stayed on at the hospital for 3 
years and w as e lected to the staff in 
1864. He made his name as a teacher 
and as a daring and original operator. In 
April 1887 he performed perhaps the first 
successful laparotomy for acute appen
dicitis; he did this after losing a son and

a brother from th is co nd itio n , having 
vainly tried to persuade a surgeon to op
erate. He also worked at an eye hospital 
and collaborated with W eir Mitchell.

During the C ivil W ar he worked as 
surgeon at Chestnut H ill and showed 
great energy establishing military hospi
tals. After the war he founded the Phila
delphia Orthopaedic Hospital. He died 
of cholera in Philadelphia.
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♦  Robert I. Harris (1889-1966)

The first Chief of Orthopaedics in 
Toronto, he served in tw o w orld 
wars, and this led to his study of 
soldiers' feet. He X-rayed hundreds 
of feet and built up a database of 
the normal range. When his thick 
report was stolen, he rewrote it. He 
w as President of the O rthopaedic 
Associations of the English-speaking 
world and started the ABC (Ameri
can, British, Canadian) traveling fel
lows program. He was a man with 
vision, and it is said that his patients 
never left him for someone else. He 
died at an orthopaed ic meeting 
while being made a brother in the 
Sarcee Indian Tribe.

♦ Thomas G . Morton (1835-1903)
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a shoe even fo r  a fe w  moments, the least pressure inducing an  
attack o f  severe pain. A t no tim e did the fo o t or toe swell or 
present any evidence o f  having been injured. D uring the suc
ceeding five  years the fo o t was never entirely free fro m  pain, 
often m y suffering has been very severe, an d  coming on in 
paroxysms. I  have been able only to wear a very large shoe, and  
only fo r  a lim ited space o f  time, invariably being obliged to 
remove it every h a lf hour or so, to relieve the foot. Much o f  the 
tim e I  have gone w ithout any covering except a stocking, and  
even a t nights have suffered intensely; slight pressure o f  the finger  
on the tender spot causes the sam e sensation as wearing a shoe. 
D uring the p a s t year or so I  have walked b u t little, and  have 
consequently suffered m uch less!

“In this case, succeeding a contusion o f  the foot, acute pa in  
cam e on, which continued fo r  several hours. This was followed  
by p erm a n en t local sensitiveness, increased to absolute p a in  with  
the slightest pressure o f  a shoe, or even sock; and  a t times, 
w ithout any pressure or know n  cause, there would come on 
paroxysm s o f  excessive pain. The neuralgia was always referred 
to the metatarsophalangeal jo in t  o f  the fo u rth  toe; during the 
severe paroxysm s it extended, occasionally, to the knee. There 
was neither redness nor swelling anywhere about the foot. The 
head o f the fo u rth  metatarsal, w ith the phalangeal base, a nd  the 
soft parts about the jo in t, were exceedingly sensitive. From the 
entire absence o f  all in flam m atory symptoms, it seemed as i f  
there m ight be, to account fo r  the severity o f  the paroxysms, 
either a neurom a or some nerve hypertrophy. This sensitive con
dition was constantly aggravated by the alm ost unavoidable 
pressure o f  the very movable fifth  metatarsal a nd  little toe upon  
the fo u rth  metatarsophalangeal joint. A deep excavation in the 
sole o f  a broad shoe, corresponding to the jo in t  o f  the fo urth  toe, 
was recommended; this w ith varied anodyne applications to the 
p a r t gave no m arked relief. The least pressure o f  a shoe, and  
som etim es even tha t o f  a stocking, produced a recurrence o f  
intense pain. The p a tien t was o f a nervous temperament, w ith a 
predisposition to pu lm onary disease, and  was no t in a condition 
to undergo any treatm ent which would confine her to the house. 
In  June, 1873, I  saw  Mrs. J., again; then in  consultation; there 
had been during this interval no improvement. A short tim e 
before seeing this p a tien t the second time, I  had under m y care 
another case which presented the sam e fo rm  o f  neuralgia, which 
follow ed an  injury, a nd  was successfully treated by an excision 
o f  the fo u rth  metatarsophalangeal joint.

“The jo in t  o f  the fifth  m etatarsal being so much posterior to 
that o f  the fourth, the base o f  the firs t p h a lanx  o f  the little toe is 
brought on a line w ith the head a n d  neck o f  the fo urth  m etatar
sal, a nd  the head o f  the fifth  opposite the neck o f  the fourth.

“There is very slight lateral m otion in the first three metatar
sal bones, on account o f  their peculiar tarsal articulations; this 
is no t so w ith the fo u rth  a nd  the fifth, which have m uch greater 
mobility, the fifth  considerably much more than the fourth, and  
in this respect it resembles the fifth  metacarpal. I t  will be fo u n d  
tha t lateral pressure brings the head o f  the fifth  metatarsal and
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the little toe into direct contact w ith the base o f  the firs t phalanx, 
a nd  head a nd  neck o f  the fourth , a nd  to som e extent the extrem
ity o f  the fifth  m etatarsal rolls above a nd  under this bone.

“The external p la n ta r  nerve gives o ff  superficial a nd  deep 
muscular branches, the superficial branch separates into two 
digital nerves, which supply the outer a n d  inner side o f  the fifth  
toe, a nd  the outer side o f  the fourth; sm all branches are distrib
uted freely between the fo u rth  a n d  fifth  toes, about the metatarso
phalangeal joints.

“To the peculiar position  which the fo u rth  m etatarsophalan
geal articulation bears to tha t o f  the fifth, the great mobility o f  
the fifth  metatarsal, which by lateral pressure is brought into 
contact w ith  the fourth, an d  lastly, the proxim ity o f  the digital 
branches o f  the external p lan tar nerve, which are, under certain 
circumstances, liable to be bruised by, or p inched  between the 
fo u rth  a nd  fifth  metatarsals, m ay be ascribed the neuralgia in 
this region.

“In  chronic cases, such as have been described, no other 
treatm ent except complete excision o f  the irritable metatarso
phalangeal jo in t  w ith the surrounding soft parts will be likely to 
prove perm anently successful.”

Although Morton was unaware of a description of plantar 
neuralgia, the condition had in fact been observed by the royal 
chiropodist. Lewis Durlacher, Surgeon Chiropodist to the Queen, 
wrote a Treatise on Corns, Bunions, the Diseases o f  Nails, a nd  the 
General M anagem ent o f  the Feet, in 1845. In addition to describ
ing George IV’s ingrowing toenail, which he cared for, he described 
plantar neuralgia.

“Neuralgic affection occasionally attacks the p lan tar nerve 
on the sole o f  the foot, between the third and  fo u rth  m etatarsal 
bones, bu t nearest to the third, a nd  close to the articulation with  
the phalanx. The spot where the p a in  is experienced can a t all 
tim es be exactly covered by the finger. The p a in  which cannot be 
produced by the mere pressure o f  the finger, becomes very severe 
while walking, or whenever the fo o t is p u t  to the ground.”

C\Tcat Toe D isorders

ON CONTRACTION OF THE METATARSO
PHALANGEAL JOINT OF THE GREAT TOE 

(HALLUX FLEXUS)
N. DAVIES-COLLEY, 1887

“Having now  fo r  m any years been fa m ilia r  w ith a p a in fu l 
deformity o f  the fo o t which appears to have escaped the notice 
o f  our surgical writers, I  venture to bring before the Society a 
short account o f  five  cases which have been under m y care. The 
disease consists sim ply o f  the flex ion  o f  the first p h a la n x  o f  the 
great toe through an angle o f  fro m  30° to 60° upon the first

Davies-Colley—hallux flexus show 
ing the range of movement.
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♦  John Neville Davies-Colley 
(1843-1900)

The son of a physician at Chester, 
Davies-Colley trained at Guy's Hos
pital and became assistant surgeon 
to the hospital 4 years after qualify
ing. He married the daughter of the 
treasurer of Guy's (who had a pow
erful influence at the Se lection 
Board), before being elected to the 
staff. It is said that his predecessor 
had been engaged to the treasurer's 
daughter but, upon being appointed 
to the staff, broke off the engage
ment.

He was a good lecturer and a 
bold surgeon by all accounts. A l
though it is w idely stated by some 
British surgeons that he antedated 
Keller, this does not seem to be so. 
He described and treated hallux rig- 
idus by removing the base of the 
proximal phalanx— he did not touch 
the exostosis. Steele, in the United 
States, in 1898 described the same 
operation as Davies-Col ley's for re
lief of severe hallux valgus.

metatarsal bone. There is no ankylosis, b u t the pha lanx cannot 
be extended, an d  the a ttem pt to execute this m ovem ent by exter
nal force gives rise to considerable pain. The metatarso-phalan- 
geal jo in t  is usually som ew hat enlarged and  thickened. There is 
no deviation o f  the firs t p h a la n x  outwards, as in the com mon  
affection called hallux valgus. Walking is very p a in fu l an d  diffi
cult, a n d  the p a tien t is obliged to bear his weight as m uch as 
possible upon the outer border o f  the foot. The phalangeal jo in t  
is healthy, an d  the ungual p h a la n x  is m ain ta ined  in a straight 
line w ith the first.

“Case 4. H allux flexus; resection o f  proxim al h a lf o f  first  
phalanx; cure.

“William J., age 21, painter, was adm itted  under m y care 
into Luke ward, G uy’s Hospital, on February 11, 1885, suffering 
fro m  flexion  o f  first p h a la n x  o f  the left great toe through 45°■ He 
had  had  it fo r  three years a n d  could assign no cause. He could  
slightly fle x  an d  extend the toe. There was a little prom inence o f  
the metatarso-phalangeal jo in t  o f  the right great toe on the 
dorsum, bu t no m arked flexion  o f  the phalanx.

“On February 13, I  excised the proxim al h a lf o f  the first 
p h a lanx  under ether, by an incision one a nd  a h a lf inches long 
a t the ju n ctio n  o f  the upper a nd  inner surface o f  the joint. The 
articular cartilage was a little worn a nd  fibrous, bu t there was 
no other evidence o f  disease in the joint.

“By March 5  the w ound  had healed by p rim a ry  union. By 
the 30th he could w alk well on the f la t  foot.

“Twenty-two m onths after the operation he came to show  
himself, an d  m y late dresser, Mr. Fisher, m ade a drawing o f  his 
foot. The firs t p h a la n x  was in a line w ith the metatarsal bone. 
The jo in t  was s tiff bu t no t ankylosed, the range o f  passive move
m en t being 5° to 10°. The scar o f  the operation was smooth, and  
difficult to recognize, a nd  there was nothing abnorm al about the 
appearance o f  the foot.

“The only pa in  he had in the jo in t  was when he p u t  on his 
boots. The day before I  saw  h im  he h ad  walked twenty miles 
w ithout any discomfort.”

Keller’s Operation for Bunions, 1904
“The writer uses an operation which elim inates all interfer

ence w ith the tripod o f  the fo o t or its norm al level. It is based 
upon deductions m ade as to the com m on cause o f  the unsatisfac
tory results follow ing operations heretofore employed; while the 
num ber o f  operations which have been perform ed by this method  
is limited, he feels m ost confident tha t the satisfactory results in 
the cases reported will invariably follow  the operation, i f  properly 
perform ed in every case.

“Operation. A longitudinal incision, two inches in length, is 
m ade along the inner side o f  the foot, exposing the first m etatar
sophalangeal articulation. The skin  a nd  tissues over the head o f  
the metatarsal bone are retracted; the jo in t  is then opened and  
opposing articular ends are separated; the periosteal covering 
over the lateral enlargem ent a nd  adjoining p a r t o f  bone are
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♦  Colonel William Keller (1874- 
1959)

Keller introduced his operation for bun
ions at the very beginning of his surgical 
career, while he was working in Manila 
during the P h ilip p ine  insurrection . 
Though it has been one of the most com
monly performed operations, he was not 
very  interested in it, but w ent on to 
achieve fame in the field of general sur
gery, and in particular in the field of 
pulmonary surgery in its early days. He 
was born in Connecticut in 1874 and 
w as graduated from V irg in ia  in 1899. 
The following year he became a contract 
surgeon with the United States Army and 
was commissioned in 1902. He moved 
around hospitals in the United States and 
the Pacific  until the F irst W orld  W ar, 
when he was assigned to the American 
Expeditionary Forces as director of pro
fessional services.

In 1919 he joined the Walter Reed 
Hospital to head the department of sur
gery. During this time he developed an 
unroofing techn ique for em pyem a, a

type of inguinal hernia repair, a repair for 
recurrent shoulder dislocations (cruciate 
im p lica tion  of the in fe rio r capsu le 
through an axillary approach), and the 
tunnel skin graft. This last was rather in
triguing; when an ulcer or scar was to 
be grafted, he made a tunnel underneath 
it and laid the graft in it. The roof kept 
the graft in position, and the roof either 
disappeared by itse lf or could  be re
moved.

He was offered the post of Surgeon 
General but refused because he wanted 
to continue c lin ic a l surgery. He re
mained at the Walter Reed until his re
tirement in 1935. He was one of those 
fortunate people who need only 4 hours' 
sleep a night, and so have more time to 
work than most. On his retirement, he 
w as, by specia l Congressional leg isla
tion, made a consultant with pay and 
allowances for life, the first man to be so 
honored in U .S. Army history. In 1953 
an annual lecture was named after him.

pushed  back; a n d  the exostosis w ith about one-eighth on an  inch 
o f  the bone is removed by rongeur forceps or preferably, w ith a 
sm all saw. The tendon o f  the flexor hallucis longus is freed  by 
blunt dissection fro m  the under surface o f  the base o f  the first 
phalanx, sufficiently to pass a Gigli saw around the bone; the 
periosteum  is pushed  back, disarticulation accomplished, a nd  
the articular head o f  the first p h a lanx  is removed. Particular 
care should be taken throughout the operation to protect the 
periosteum  fro m  needless destruction, an d  an effort should be 
m ade to preserve enough o f  it to cover the exposed surface o f  
the bone.

“A sm all gauze drain is inserted between the head o f  the 
metatarsal bone a nd  the sawed end o f  the p h a la n x  (this drain is 
removed after forty-eight hours). The w ound is carefully sutured; 
the toe being m ain ta ined  a t norm al extension by a narrow  
internal lateral splint. Passive m otion is begun on the fifth  day.

“The advantages o f  the operation are as follows: First: The 
norm al tripod o f  the fo o t is no t disturbed. Second: The danger o f  
ankylosis is comparatively slight. Third: it can be used when the 
norm al arch o f  the fo o t is high, while the old operation can be 
done w ith safety only when the deform ity is complicated by 
f la t  foot."

In a second paper eight years later, Keller reported the results 
of 26 operations, which seems a very slow rate of accumulation, 
and suggests some modifications of technique. He adopted an 
eyebrow  incision and removed m ore exostosis. “The cu t is 
obliquely upw ard a n d  outw ard along the length o f  the m etatar
sal. This cut extends fro m  the inner edge o f  the sesam oid below, 
to a line above, which is well p a st the m iddle o f  the dorsum  o f  
the bone." Soft tissue was interposed between the bone ends.

♦ Colonel William Keller (1874- 
1959)

Keller's operation for hallux valgus, 
1904.

Louis Bauer—not Eddie Bauer. Hal
lux valgus show ing th e  dislocated  
second metatarsal head. From Lec
tures on Orthopaedic Surgery. New 
York: 1868.
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♦ Guillaume Dupuytren (1777- 
1835)

His biography appears on page 73.

Subungual Exostosis

EXOSTOSIS ON THE UNGUAL PHALANX 
OF THE GREAT TOE: EXTIRPATION 

AND CURE
DUPUYTREN, 1817

“Louise Cassin, a laundress, aged 20, was adm itted into the 
Hotel Dieu in 1817, w ith an osseous tumour, about the size o f  a 
large pea, on the outer border o f  the last p h a lanx  o f  the great 
toe; the nail had grown into the back p a rt o f  it, a n d  occasioned 
pain. This m orbid growth was removed w ith a  bistoury, and  
the w ound was afterwards cauterized; portions o f  the nail and  
necrosed bone afterwards exfoliated, an d  the pa tien t quitted  
the hospital before she was quite well. This excrescence likewise 
presented an  osseous nucleus. The above affection has not been 
noticed, as fa r  as I  know, by any author. I t  is p a in fu l and  
inconvenient rather than dangerous; and  its characteristics are 
such as the details o f  the above cases exhibit. I  know  not w hat 
cause to ascribe it to, fo r  it usually occurs in individuals who 
have received no injury, a nd  is apparently unassociated with a 
scrofulous diathesis or syphilitic taint. The m orbid growth in 
question has been usually m istaken fo r  a wart, and  treated as 
such by cauteries, which are always, under these circumstances, 
productive o f  much mischief. The nail has in other cases been 
fixed  upon as the seat o f  the disease, a n d  removed accordingly, 
with, I  need scarcely add, no beneficial effect. The structure o f  
the excrescence is such as I  have already described: it usually 
yields to the knife, b u t in  some instances requires stronger instru
m ents fo r  its removal. I f  allowed to proceed, intractable ulceration 
ensues; a nd  in one case o f  this sort I  saw  the ungual pha lanx o f  
the great toe removed entirely fo r  this affection. In perform ing  
the operation, it m ay be occasionally necessary to cut away the 
nail, bu t this is usually uncalled for: care should be taken to 
extirpate the whole o f  the diseased growth, or it will be repro
duced. I t has fa llen  to m y lot to operate on as m any as thirty 
cases such as I  have ju s t  described."

S b o es

In 1324, the sizing of shoes was decreed by Edward II in 
barleycorns—3 to the inch—as we still do (Size 8 is 24 barley
corns).

DISSERTATION ON THE BEST FORM 
OF SHOE

PIETER CAMPER, PROFESSOR OF M EDICINE AT 
AMSTERDAM, 1781

“This little treatise originated in a jest. I  wished to prove to 
m y pupils, who m ain ta ined  that all subjects had  been treated in 
w riting un til they were exhausted, that the m ost trifling matter,
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♦ Pieter Camper (1722-1789)

Am sterdam  anatom ist and surgeon. In 
1781 he wrote a book on shoe-induced 
deformity in children.

were it bu t a shoe, m ight become interesting i f  discussed by one 
able to speak with entire knowledge o f  both causes a nd  results. 
They did no t believe that I  should dare to m ake public such a 
work on such a subject. I  accepted the challenge a nd  here it is.” 
(English translation, London, 1861)

He pointed out that ill-designed shoes caused foot deformities 
and pain.

The BiomccHanics of tHe 
Foot

The joints of the foot attracted a small amount of scientific 
curiosity in 19th century Germany but became of clinical signifi
cance only when the American orthotic/prosthetic government- 
funded searchlight was turned on them in the pursuit of better 
artificial limbs in the wake of World War II.

The Paralytic Foot

Polio produced many foot deformities, which were managed 
by a combination of bracing, arthrodesis, and tendon transfer. 
These were developed at the beginning of the 20th century in 
Europe and the United States.

Others had fused bones in the foot, beginning with Albert in 
1881, but Ryerson of Chicago coined the name “triple arthrodesis” 
in 1923.

TRIPLE ARTHRODESIS
EDWIN RYERSON, 1923

“It is a com m on experience to f in d  that a tendon transfer 
which fo r  m any m onths seems to be a brilliant success gradually 
becomes less and  less efficient, a nd  a t the end o f two or three 
years is fo u n d  to be wholly unsatisfactory. Lateral deformity, 
varus or valgus, cannot uniform ly be corrected. Someone has

♦ Verne Inman (1905-1980)

A Californian, Inman was an ortho
paedic Chairman in San Francisco, 
who set up a lower limb anatomy/ 
biomechanics laboratory and pub
lished two books: The Joints o f the 
Ankle  in 1976 and Human Locom o
tion in 1980.

♦ Constantine Lambrinudi (1890- 
1943)

G uy's H osp ita l, London. He said 
that the principles of medicine can 
be seen best in orthopaedic patients. 
He developed triple arthrodesis for 
drop foot and used intramedullary 
K irschne r w ires for forearm  fra c 
tures.



114 Chapter 4 ♦ The Foot

/

♦ Edwin Ryerson (1872-1961)

Chicago orthopaedic surgeon. He 
pointed out that paralytic foot de
formities cannot always be held with 
tendon transfers. An unstable subta
lar jo in t is not eas ily  contro lled . 
Someone has observed that a person 
with an artificial leg and foot walks 
much better than most persons with 
infantile paralysis, he wrote. He at
tributed this to the absence of all 
movement except ankle flexion and 
extension and the absence of defor
mity in a prosthesis. In the twenties, 
talectomy was advocated, but Ryer
son had read about fusion and 
coined the term "triple arthrodesis." 
The operation was done much as we 
do today, but through medial and 
lateral incisions; he fused to the tar
sometatarsal joint if this was neces
sary to correct deformity. Occasion
ally he sutured the bones together 
but relied mainly on cast fixation.

observed, a nd  correctly observed, tha t a person with an artificial 
leg a nd  fo o t walks much better than m ost persons with infantile 
paralysis. One o f  the chief reasons is that the ankle jo in t  and  fo o t  
in an  artificial leg are capable o f  m otion only in flexion and  
extension, the only really necessary m otion in ordinary walking. 
Why should we not, then, so stabilize the tarsus a nd  metatarsus 
that lateral deformities a nd  disabilities cannot occur?’’

He invented triple arthrodesis, an operation we still do. He 
used a medial and lateral incision and an above-knee cast to hold 
position.

♦  Michael Hoke (1874-1944)

We all use his incision for the subtalar 
joint. He founded the Scottish Rite Hospi
tal in Atlanta. He supervised President 
Roosevelt's braces.

Chapter references are located in Chapter 26.
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fland and 
F o ^ e a ^ m

Unlike other branches of surgery, which are the result of break
away movements by rebel surgeons, hand surgery encourages 

a fusion of plastic and orthopaedic surgeons. Bunnell—the father 
of hand surgery—was a general surgeon.

The stimulus for specialized hand care was World War II, in 
which large numbers of hand injuries were funneled through a 
single military organization. There was enough work for a few 
surgeons to do nothing else, and they became quite territorial. This 
spread into civilian life when they were demobilized.

Although aspects of hand problems had the usual sketchy 
descriptions in ancient times, the concept of the hand as something 
different goes back to the first comprehensive book on the subject 
in 1944.

Greek vase painting: Bandaging the 
finger.

F la w d

Sterling Bunnell (1882-1957)

The person who organized hand surgery into a subspecialty 
was Sterling Bunnell. Born to a family that had moved west with 
Wells Fargo, he went to medical school in San Francisco and 
became a general surgeon. During World War I he worked on a 
neurosurgical unit in France. After he returned to San Francisco, 
his practice was widespread. He flew to see patients and operate 
in the towns around San Francisco. The plane crashed on one of 
these trips and he sustained an intracapsular fracture of the femoral 
neck. Treated nonoperatively, it failed to unite with conservative 
treatment until Albee grafted it a year later.

Hand surgery was an area of special interest in a general ♦  Sterling Bunnell 

surgical private practice. He developed his pull-out suture, used 
nerve autografts, and devised tendon transfers. He built a wide 
experience that flowered with World War II. In this war, hands 
were salvaged that previously would have been amputated. Bunnell 
was asked to develop an Army organization to reconstruct these 
wounded hands—he insisted that a single person should be able 
to treat the skin, bones, tendons, and nerves, which is the basis of 
hand surgery. In 1944 his book H and Surgery was published. The

115
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new breed of hand surgeons were the founders of the American 
Society for Surgery of the Hand in 1948.

He gave his name to the Bunnell suture.

ATRAUMATIC TECHNIQUE 
STERLING BUNNELL, 1944

“Great delicacy in handling the tissues is so essential in 
reconstructing hands tha t the writer in 1921 originated the term  
‘atraum atic technic.’ Much traum a is caused by repeated motions 
when one m otion should accomplish the purpose. I t is com m on  
to catch oneself groping fo r  an  idea by m anipulating the tissues 
or letting the fingers precede the thought instead o f  the thought 
preplanning the m ovem ents o f  the fingers.

“We are now  in the m echanized age. It m ight be called the 
Age o f  Trauma.”

Tidy and Untidy Hand Injuries

B. K. Rank and A. R. Wakefield of Melbourne are Australian 
plastic surgeons whose textbook on injuries of the hand, published 
in 1953, guided a whole generation of amateur hand surgeons and 
stopped us from doing too much harm.

SURGERY OF REPAIR AS APPLIED TO 
HAND INJURIES

RANK AND WAKEFIELD, 2ND ED, (1960)

“We recognise two m a in  clinical types o f  hand  injury, the 
‘tidy’ a n d  the ‘u n tid y’ These can be compared a nd  contrasted not 
only in their causation, nature a nd  clinical presentation, but 
also in the degree o f  success which is likely to follow  their p ri
m ary repair.

“The ‘T idy’ H an d  Injury. These are typically caused by 
injuries fro m  choppers, cutters, knives, axes or glass. Common  
household injuries are usually o f  the ‘tidy’ type. They present no 
difficult technical problem  o f  soft tissue closure and  heal quickly 
i f  carefully managed.

“Skin edges are generally clear-cut, an d  skin  loss, i f  present, 
is clearly defined. Fractures are exceptional, bu t tendon or nerve 
sections are common. In  these cases prim ary repair o f  all the 
injured structures is indicated, provided only that there is no real 
likelihood o f  infection being already established in  the wound.

“The ‘U ntidy’ H an d Injury. These typically result fro m  acci
dents w ith mobile machinery, power-driven saws, pow er presses, 
an d  b u zz  planes, which produce severe com pound hand  injuries 
o f  an ‘u n tid y’ type. By ‘com pound’ is m ean t any open w ound  
involving several tissues, not merely com pound fractures. By 
‘u n tid y’ we m ean that the soft tissue w ounds are usually multiple 
a n d  o f  an  irregular nature. Skin edges are jagged, skin  loss m ay  
or m ay not be present.

“Multiple fractures an d  complete or incomplete finger am pu
tations are common. Tendons a nd  nerves, though widely exposed,
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are no t always severed. It is often noted how fingers are left 
attached only by these structures. The chief object o f  p rim ary  
operation in these gruesome-looking injuries is the careful clo
sure o f  all soft tissue wounds. This includes the trim m ing and  
closure o f  any traum atic amputations. With ‘un tidy’ hand  injur
ies, however, ideal soft tissue healing by first intention cannot be 
guaranteed.

“Though fractures a nd  dislocations should be reduced a t this 
stage, the tendon a n d  nerve injuries are generally better left fo r  
repair a t a secondary operation. Adequate skin  a nd  fa t  cover fo r  
all such areas m ust be provided a t the p rim ary  operation when
ever possible. With these ‘u n tid y’ injuries, it w ould be unwise to 
enlarge w ounds or to m ake fu r th er  incisions as are usually 
indicated fo r  effective tendon repair. Moreover, the after-treatment 
o f  a sutured tendon is generally incompatible w ith that o f  a 
fracture unless some fo rm  o f  absolute internal fixa tion  o f  the 
fracture can be carried out.”

C arpal Tunnel Syndrom e

TIMELINE OF CARPAL TUNNEL
1853 Paget describes the clinical condition.
1880 James Putnam, a Boston neurologist, describes the clinical 

condition and believed that it was vascular in origin.
1913 Marie and Foix describe thenar atrophy at autopsy: “Immedi

ately proximal to the ligament a nodular swelling was pres
ent and under the transverse carpal ligament the nerve was 
thin” They believed that if the problem was diagnosed early, 
the ligament could be transected. However, this was the era 
w hen all kinds of upper limb pain was blamed on cervical 
ribs.

1933 James Learmonth—a Scotsman working as a neurosurgeon at 
the Mayo Clinic—decompresses the nerve by opening the 
carpal tunnel.

1938 F P Moersch, a Mayo Clinic neurologist, describes the syn
drome.

1941 Whitman, another Mayo Clinic neurologist, describes the con
dition in acromegaly.

1945 Herbert Seddon reports two cases of decompression.
1947 Lord Brain, Wilkinson, and the surgeon Dickson Wright de

scribe the features and the results of decompression.
1950 George Phalen popularized the condition.

This common condition has been widely known only since 
World War II, w hen interest in hand and nerve really began. It 
shows how blind we can be until a discovery is made and revealed 
to us. Once w e know about the condition, the diagnosis is easily 
made; indeed, many patients make the diagnosis for themselves. 
No complex technology is necessary for diagnosis or treatment. 
No elaborate basic science experiments were needed to understand
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♦ Joseph Arderne Ormerod 
(1848-1925)

The son of an archdeacon of Suffolk, 
he was born at Starston, N orfo lk , 
and came from a distinguished med
ical family. He trained at St. Bar
tholomew's Hospital, graduating in 
1875. He was a neurologist by incli
nation and was unlucky enough to 
strike a bad patch at Bart's 
Hospital— everyone wanted to get 
on the medical staff. He became an 
early version of a time-expired Reg
istrar: at the age of 45, he became 
assistant physician, and was a full 
physician only 9 years before he had 
to retire under the age limit.

what was going on. Perhaps patients were prepared to accept this 
degree of symptoms until recently.

There are probably all kinds of simple diseases like this waiting 
to be discovered. We all see patients with symptoms that we 
cannot explain. They are an embarrassment, and we try to get 
rid of them by losing them in the physiotherapy maze, in the 
pharmaceutical fog, or by sending them back to their long-suffering 
family doctor.

Paget was apparently the first to realize, in 1853, that the 
median nerve could be compressed at the wrist. Later, in 1883, 
Ormerod described the typical clinical picture of the condition but 
had no idea of its etiology.

Reports similar to his appeared sporadically. In 1913, Pierre 
Marie and Foix demonstrated at autopsy in a case with bilateral 
thenar atrophy that the median nerve was compressed as it passed 
through the carpal tunnel.

Woltman in 1941 reported perhaps the first case treated surgi
cally, and Seddon operated on two cases in 1945. Russell Brain in 
1947 wrote in the Lancet about 14 cases, of which 6 were treated 
surgically, and it was soon after this that a patient with carpal 
tunnel syndrom e stood a chance of having it recognized and 
treated. Now it is one of the most commonly performed operations 
on the hand.

MEDIAN NERVE COMPRESSION
PAGET, 1853

“Mr. Hilton has told m e this case:
“A m an  was a t G uy’s Hospital, who, in consequence o f  a 

fracture a t the lower end o f  the radius, repaired by an excessive 
quantity o f  new  bone, suffered compression o f  the m edian nerve. 
He had  ulceration o f  the thum b a nd  fore a nd  middle fingers, 
which resisted various treatment, a nd  was only cured by so 
binding the wrist that, the parts on the pa lm ar aspect being 
relaxed, the pressure on the nerve was removed. So long as this 
was done, the ulcers became a nd  rem ained well; bu t as soon as 
the m an  was allowed to use his hand, the pressure on the nerves 
was renewed, a n d  the ulceration o f  the parts supplied by them  
returned.”

ON A PECULIAR NUMBNESS AND PARESIS 
OF THE HANDS

J. A. ORM EROD, 1883

“My attention was first called to this set o f  sym ptom s by Dr. 
Wickham Legg in the Casualty Department. Since that tim e I  
have been able to collect several cases, an d  they are, I  am  sure, 
sufficiently common. B u t they are not, so fa r  as I  know, described 
in m ost medical textbooks, an d  although in no sense grave, ye t  
they m ay be sufficiently troublesome to cause the p a tien t to 
relinquish her employment. I  hope, therefore, tha t the following  
examples m ay not be thought altogether uninteresting.

“The sym ptom s are remarkably definite in character. They 
occur in women, usually about the climacteric age, a nd  begin in
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the night. On waking, the p a tien t has a feeling in the hands, or 
hands a nd  arm s (com m only o f  both sides), o f  numbness, dead
ness, p in s  a nd  needles; som etim es there is actual pain , severe 
enough to wake her. There is also loss o f  power; the hands and  
arm s become useless, a nd  she cannot hold things. This m ay so fa r  
predom inate tha t the p a tien t comes to be treated fo r  a  supposed  
paralysis. Sometimes also the pa tien ts say tha t the hands swell, 
the veins swell, etc., a t the time.

“The sym ptom s pass o ff  in a little time, a nd  rubbing suggests 
itself as a natural remedy. B u t occasionally they m anifest them 
selves in the daytim e also, an d  then principally when the pa tien t 
sets about her ordinary w ork—washing, scrubbing, needlework, 
etc.

"7. February 1882—Mrs. S., age between 50 and 60, an 
active and healthy woman, has had for the past eighteen 
months the following symptoms:

"She is woke up nightly by pains in the fingers, hands and 
up the fore-arms. The hands seem to become stiff and useless, 
and when she gets up look, she says, as if they were dead. 
The pain is severe and prevents sleep.

"She is (just now) rather pale and puffy looking.
"Pulse a little hard, and second sound over aorta rather 

accentuated. No albuminuria. On the articular ends o f some 
o f the phalanges (right hand) are small hard nodules. She says 
that the fingers are rather stiff through rheumatism.

"She took iodide o f potassium for a fortnight with no bene
fit; colchicum tried for a few nights did not suit her at all; 
quassia and iron taken for over a fortnight gave only slight 
and temporary relief. A fresh nodule appeared on the distal 
end o f the middle phalanx o f the left hand; it was (at least 
while forming) larger and less hard than the others, though 
firm.

"She connected her complaint with the use o f water for 
scrubbing floors; gave up her place as servant on this account, 
and her hands improved afterwards.

"This patient (whom I have had ample opportunities o f 
seeing) was not at all hysterical, and there was no neurosis in 
her family."

JVerve Jn jurics

Long, long ago, when everyone knew the difference between 
a witch and a fairy, nobody could tell a nerve from a tendon. Even 
today surgeons still mistake a tendon for a nerve occasionally. Galen 
saw a small white nerve enter a muscle and a larger white tendon 
emerge at the other end. He thought, it is said, that they were 
different parts of the same thing. He frightened surgeons by saying 
that suture would provoke pain, convulsions, and death. He must 
have encountered tetanus and misinterpreted cause and effect. 
Albrecht von Haller showed up this error in 1752 after research on 
tendons. Progress continued during the beginning of the 19th
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♦ Joseph Swan (1791-1874)

He was a country practitioner in Lin
coln, who did research on nerves as 
a hobby. It is thought that the idea 
about nerve repair came from veteri
narians who cut a nerve in a horse's 
leg for some kinds of lameness; the 
effect usually wore off after 6 to 8 
weeks, which he thought was the 
time it took for a nerve to repair. 
When a segment was removed, the 
effect lasted longer.

He should not be confused with 
Theodor Schw ann (1 8 1 0 -1 8 8 2 ), 
who described the Schw ann ce ll 
while in Berlin.

century with animal experiments, microscopic study, and the emer
gence of pathology as a science.

During the American Civil War, a novelist-neurologist, Silas 
Weir Mitchell, took pity on the soldiers who suffered causalgic 
pain after gunshot wounds of the limbs. The pain was a greater 
problem than the loss of function. Of course this was before 
aseptic surgery was widely accepted, so that the treatment was 
largely nonoperative. In 1864, he persuaded the federal Surgeon 
General to start a hospital for neurologic problems in Philadelphia, 
and this grew to 400 beds. He wrote much.

The Industrial Revolution had brought all the advantages of 
glass windows along with the risk of broken glass cutting nerves 
and tendons. The civilian surgeons treated these injuries, which 
were quite a different problem from gunshot wounds. When asep
tic surgery made repair without infection possible, the nerves were 
repaired primarily.

At first there was controversy about nerve healing—some 
thought that an immediate return of function was possible—like 
repairing an artery. This seems to have been because the overlap 
of sensory nerves was not understood. The realization that the 
distal part of the nerve degenerated and that the axon had to grow 
down again was without parallel in other tissues. Later, it became 
apparent that slow recovery was the rule.

During the First World War, Robert Jones was in charge of 
orthopaedics and was so interested in fractures that nerve injuries 
took a back seat in Britain. My father-in-law lost his radial nerve on 
the Somme and never had a tendon transfer. In France, Tinel wrote 
a book about nerve injuries at this time.

The Second World War brought new interest in nerve injuries. 
The Oxford group set up a basic science and clinical study unit. A 
classification of nerve injuries was formalized. An atlas of clinical 
tests for each muscle was produced. Delayed repair of nerves, good 
for gunshot wounds, by default became the standard for fresh 
lacerations. Only subsequently, as nerve repair moved into the 
hands of superspecialists, did primary repair of clean injuries be
come popular. Loupes, microtechniques, and the study of nerve 
growth factors are the latest advances.

There is a good account of the early history of nerve injuries 
in Menders o f  the M aim ed  by A. Keith (1975).

TIMELINE OF NERVE INJURIES
1210 Nerve suture proposed by ancients and done by Wil

liam Salicet (circa 1210-1280)
1795 Cum berland Cruickshank—experim ents on nerves. 

Nerves heal by sprouts passing from the proximal to
ward the distal stump.

1819, 1834 J. Swan: A treatise on diseases and injuries of nerves.
He cut nerves in 22 rabbits and noted recovery if the 
cut were sutured and none if left apart.

1828 M. J. P. Flourens divided two nerves in a cock’s wing 
and carried out a cross-over suture, showing that suture
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will cause nerves to function again and that the control 
will adapt to a new  role.

1847 Paget, in his lecture notes on surgical pathology, con
trasted primary healing in 2 weeks w ith secondary 
healing very slow or not at all. This was a misunder
standing of what takes place. He believed that immedi
ate repair allowed the nerves to recover in much the 
same way as an immediately repaired artery recovers. 
His observations were based on patients, and it is 
thought now  that he did not test the autonomous 
sensory zone. His theory was wrong, but he paved the 
way for nerve suture.

1850 Augustus Waller. He sections nerves in the transparent 
tongues of frogs and describes the process of degenera
tion of the distal part followed by repair. Gives his 
name to wallerian degeneration.

1863 Lengier in Paris repaired the median nerve at the wrist 
w ith very quick recovery.

1863 Delpech says nerves produce scar in the gap, and 
function does not recover.

1864 Weir Mitchell investigated gunshot and other injuries 
of peripheral nerves—causalgia described.

1865 Eulenburg and Landois carry out experiments on ani
mals and find that suture in these preaseptic days leads 
to infection and therefore conclude that suturing is 
harmful.

1872 Weir Mitchell writes a book on injuries to nerves based 
on experience in the Civil War.

1873 Carl Hueter in Allgemeine Chirurgie describes epineu- 
ral suture, which remains the standard.

1873 J- J- E. Letievant of Lyons divides the median nerve. 
Sensation is not completely lost. He propounds the 
theory of supplemental supply to explain this in a book 
on nerve section.

1876 Eduard Albert uses nerve from an amputated limb to 
bridge a defect, and in 1888 Mayo Robson repeats this.

1889 Anthony Bowlby’s book on nerve injuries.
1893 Brown-Sequard: return of sensation and m otor power 

after suture of nerves.
1895 Ballance sutures the proximal part of the accessory 

nerve into the facial nerve for facial nerve paralysis.
1905 Basil Kilvington in Melbourne begins studies of grafts, 

transfer of a spinal root into another nerve, and the 
timing of nerve repair.

1905 Henry Head cuts peripheral nerves in his forearm and 
distinguishes the autonomous area of sensory distribu
tion.

1915 Froment describes a sign of ulnar paralysis.
1916 Jules Tinel writes a book in French on nerve injuries 

and describes a sign to detect the site of regenerating 
nerve ends.

1922 H. J. Stiles and Forrester Brown publish a book on 
nerve injuries.

1971 Seddon, in charge of the wartime nerve injuries unit, 
summarized a lifetime’s experience in Surgical Disor
ders of Peripheral Ner ves.

1870)

Born in Britain, he was a vegetarian 
w ho w ent to m edical school in 
Paris. He became interested in his
tology. Two years after graduation, 
he set up practice in a fashionable 
part of London and had a laboratory 
at home, where he studied nerve re
pair in frogs, writing his paper in 
1850. He demonstrated degenera
tion of the nerve distally, followed 
by p roxim al regeneration, in the 
tongue of a frog. Repair required ac
curate approximation of the nerve 
ends. Later, he w ent to w ork in 
Bonn, Paris, Belgium, and Geneva 
and became professor of physiology 
in Birmingham.
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John Haighton’s 1795 experiment on 
cutting the nerves in the neck of a 
dog, showing the neuroma and re
covering axons before he made the 
second cut later.

Nerve Repair

Today it may seem obvious that a severed nerve needs repair. 
But for people who did not understand the function of a nerve 
and who operated only for life-threatening conditions, the idea of 
repair was far away.

John Haighton, 1 795

Haighton found that if he cut both 8th nerves of a dog, the 
dog died of respiratory problems. He cut one of the nerves of a 
dog, then the other 6 weeks later. At first the dog could not bark 
but gradually recovered. Nineteen months later both nerves were 
cut again—the dog died. The picture shows the healed laceration.

He concluded, “7 can affirm  that nerves are not only capable 
o f  being united  when divided, bu t that the newly fo rm ed  sub
stance is really a nd  truly nerve?

PRIMARY NERVE SUTURE
A. BOWLBY, 1889

“The operation o f  p rim ary  suture’ consists in stitching to
gether the ends o f  a divided nerve, either im m ediately after 
injury, or else very shortly afterwards.

“This operation should be perform ed in every case o f  nerve 
injury in which it is possible.

“The w o u n d  shou ld  be thoroughly cleansed, all su tures  
should be first rendered aseptic, a nd  every endeavour should be 
m ade to ensure healing by first intention. The operation o f  nerve 
suture is absolutely harmless. When the nerve-ends are left unsu
tured, un ion  is m ost unlikely to occur a t all, atid a t best is 
very imperfect; ivhen the nerve-ends are carefully sutured and  
m ainta ined  in apposition, a restoration o f  fu n c tio n  is the most 
frequen t result. A fter apposition has been obtained by suture, the 
limb should be fixed  on the splint in such a position as to keep 
the injured nerve in a state o f  least possible tension.”

There was a belief that after successful suture the nerve would 
function within a few days, but he noted this in only 2 of 17 of his 
cases. In most cases recovery takes months or years.

“The earliest signs o f  returning fu n ctio n  are usually m et 
with in relation to the sense o f  touch. The first thing the pa tien t 
notices is tha t he can fee l w hen touched in the p a r t previously 
anaesthetic. Just a t first he does not localize properly, perhaps 
refers sensations fro m  one finger to the other, or fro m  a finger to 
the pa lm  o f  the hand. A nd  indeed this is only w hat m ight be 
expected i f  we consider tha t the several divided nervefibres can 
never be united  as before the injury, tha t the proxim al end o f  a 
fibre which was distributed to the middle finger m ay become 
united to the peripheral end o f  one distributed to the thumb, and  
so forth. The p a tien t has, in fact, again to educate his sense o f  
touch in  the way tha t all infants have to do. W hat has generally
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surprised m e is the rapidity w ith which this education is com
pleted, rather than the difficulties which a t first present them 
selves. The return o f  the sense o f  touch, follow ed by tha t o f  p a in  
and  o f  temperature, affords fu rth er  ground fo r  prom ising return  
o f  m uscular power. Will the atrophied a n d  shrunken muscles 
regenerate? They will— their pow er ivill return, their bulk will 
increase. Trophic lesions also ivill disappear, a n d  the tissues will 
practically return to their norm al state.

“Do any general conditions influence the prognosis? I  think  
they do. I  am  o f  opinion tha t the prognosis is better in the young  
than in the old, best o f  all in children a nd  young  adults.”

CLASSIFICATION OF NERVE INJURIES

SEDDON, 1942

“I  propounded the follow ing classification:

“1. A complete anatom ical division o f  a nerve.
“2. A ‘lesion in continuity’ in which more or less o f  the 

supporting structure o f  the nerve is preserved bu t there 
is nevertheless such disturbance o f  the nerve fibres that 
true wallerian degeneration occurs peripherally.

“3- ‘Transient block.’ A m in im al lesion producing paralysis 
tha t is incomplete more often than not: it is unaccom pa
nied by peripheral degeneration and  recovers rapidly 
a nd  completely.

“The picture m ay be so m ixed tha t precise diagnosis is impos
sible.”

SIR HERBERT SEDDON, 1975

“D uring the Second World War a simple classification was 
introduced. The original three terms were quickly discarded in 
fa vo u r o f  rather startling neologisms suggested by Lord Cohen. It 
was the novelty o f  these words rather than w hat they were 
intended to signify tha t provoked a certain a m o u n t o f  opposi
tion.”

♦ Sir Herbert Seddon (1903-1977)

W hile Seddon was resident surgeon at Stanmore in the thirties, he became an 
expert on the tubercular spine and poliomyelitis. He became professor at Oxford 
during World W ar II and set up the peripheral nerve injuries unit, which put muscle 
testing, the response of nerve to injury, and nerve repair on a scientific basis. Not 
all his conclusions were correct— for example, he was violently opposed to immedi
ate nerve repair. His certainty, his impeccable credentials, and his influence stalled 
progress on this front for many years. These were not happy times: his wife and 
family were evacuated to the United States, and he was in conflict with the previous 
professor, Girdlestone, who was still in practice there.

In 1 946 he left for the Royal National Orthopaedic Hospital as director and 
made it a M ecca again. All the staff worked at other hospitals where they could be 
free spirits, but at the RNOH each ran a subspecialty service and came under his 
control and were very productive. He traveled widely to the Third World, setting 
up polio services, and did much to facilitate exchanges of staff. ♦  Sir Herbert Seddon (1903-1977)
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♦ Silas Weir Mitchell (1829-1914)

There are a number of biographies 
of th is m any-sided m an— he w as 
best known as a novelist and poet 
but appears here as a Philadelphia- 
born neurologist who studied nerve 
injuries during the C ivil War. He co l
lected case histories and described 
causalgia. He wrote a book on Gun 
Shot Wounds o f  Nerves in 1864 and 
another book on Nerve Injuries in 
1872.

♦ Jules Froment

These are the words we use today: neuropraxia, axonotmesis, 
neurotmesis.

Causalgia
The term causalgia was coined by Mitchell from two Greek 

words for hot pain. Causalgia was a common problem in neglected 
nerve injuries.

GUNSHOT WOUNDS AND OTHER 
INJURIES OF NERVES

MITCHELL, M OOREHOUSE, AND KEEN, 1864

“Pain, in the shape o f  neuralgia, like the darting, typical 
p a in  o f  tic douloureux, is a com m on sequel o f  nerve wounds. It 
assumes all kinds o f  form s, fro m  the burning through the whole 
catalogue o f  terms vainly used to convey som e idea o f  variety in 
torture. Long after every other trace o f  the effects o f  a w ound  
have gone, these neuralgic sym ptom s are apt to linger, a nd  too 
m any carry w ith them throughout long years this fin a l reminder 
o f  the battlefield.”

They go on to describe the hypersensitivity, the effect on the 
whole person, and the frequent requests for amputation.

Jules Froment (1876—1946)
Jules Froment, Professor of Medicine at Lyons, devoted his 

life to neurology, combining diligent observation, a philosophical 
approach, and debating skill. Graduating in 1906 with a thesis on 
disease of the heart in thyrotoxicosis, he remained at Lyons until 
the Great War. After a year at the front, he joined a nerve injuries 
unit at Rennes and later was at Paris with Babinski. During this 
time he developed a series of tests for nerve dysfunction, the best 
known being the sign of ulnar nerve weakness that bears his name; 
another was loss of the hollow of the anatomical snuff box in 
radial nerve injury.

After the war he ran a Red Cross Hospital in Lyons, and the 
encephalitis epidemic of 1918-1922 provided another intellectual 
challenge. In 1926 he nearly died as a result of being severely 
injured by one of his patients.

Froment pointed out the difference between a pinch grip and 
grasping, both of which are impaired by a low ulnar nerve palsy 
due to weakness of the adductor pollicis. He introduced the follow
ing test to show this. Today it is used to assess flexor pollicis brevis.

WEAKNESS OF THE SHORT THENAR 
MUSCLES

FROMENT'S SIGN, 1915

“In order to demonstrate the disorder o f  the grip it is suffi
cient fo r  the p a tien t to take hold o f  any object between the 
thum b a n d  other fingers. Two features m ay be observed: first, the
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Froment’s test.

weakness o f  the grip, a nd  secondly the abnorm al position o f  
the thumb, although, while a t rest, nothing w ould lead one to 
suspect it.

“It is when a thin object is gripped tha t the fa u lty  position  
o f  the thum b is m ost clearly evident. In practice, we hold ou t a 
fo lded  newspaper to the patient; he is asked to p u ll it hard with 
the strong hand  a n d  then with the affected hand, while we p u ll 
it fa irly firm ly  away. This is w hat is observed: on the healthy side 
the thum b is in contact w ith the object gripped all the way  
along— the distal p h a la n x  is extended or only slightly flexed. On 
the paralysed side the thum b resembles a fly in g  buttress, the 
distal p h a la n x  is markedly flexed  a nd  no m atter w hat force is 
used it only holds the object by the very tip o f  the pulp. Very 
often there is a gap between the thum b and  the newspaper, or, to 
be more exact, between the thum b an d  the side o f  the palm . (It 
is necessary to p u ll hard: the grip w ith the fixed  thum b is only 
pathological when the grip is forcible.)

“This asym m etric attitude between the thum bs appears very 
clearly when the patient, taking the newspaper in  both hands, 
pulls w ith different strength a t both ends.’’

Jules Tinel (1879-1952)

Tinel was a French neurologist who wrote an excellent book 
on the effects of nerve injuries during World War I, and from it 
one may judge how times have changed, for nerve suture is hardly 
mentioned. He had a research interest in the autonomic system, 
producing a thick volume on the subject; he was noted for the 
ingenuity of his apparatus, which was often constructed of Mec
cano (a construction toy—metal plates are assembled with nuts 
and bolts).

He was born in Rouen, the fifth in a line of distinguished 
doctors. His father was Professor of Anatomy at Rouen. Tinel 
studied in Paris. It was when he was mobilized for the war that he 
found himself in a neurologic unit and was able to study the long
term effects of severe nerve injury. He gave the first account of 
paroxysmal hypertension due to pheochromocytoma.

During World War II he had to leave the hospital; his family 
was interned, and one son was executed by the Gestapo because 
he had helped run an escape route. ♦ Jules Tinel
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TINEL'S SIGN OF NERVE REGENERATION, 
1 9 1 7

“F orm ication  (Tingling) P ro vo k ed  by Pressure. Wloen 
compression or percussion is lightly applied to the injured nerve 
trunk, we often find, in the cutaneous region o f  the nerve, a 
creeping sensa tion  usua lly  com pared  by the p a tie n t to tha t 
caused by electricity.

“Formication in the nerve is a very important sign, fo r  it indi
cates the presence o f  young axis-cylinders in process o f  regeneration.

“This form ication is quite distinct fro m  the p a in  on pressure, 
which exists in nerve irritations. Tenderness, indicating irritation  
o f  the axis-cylinders and  no t their regeneration, is alm ost always 
local, perceived a t the very spot where the nerve is compressed, 
or a t least magnified a t this spot; it always coexists w ith the pa in  
in the m uscular bellies under pressure, which are, very often, 
more tender than the nerve.

“Formication o f  regeneration, on the other hand, is bu t little 
or no t a t all perceived a t the spot compressed, bu t is fe lt  alm ost 
entirely in the cutaneous distribution o f  the nerve; the neighbour
ing muscles are not tender.

‘As a rule, it appears only about the fourth  or sixth week 
after the wound. I t  enables us to ascertain the existence o f  this 
regeneration a nd  to follow  its progress.

“I f  it rem ains fixed  a n d  lim ited to one spot fo r  several consec
utive weeks or months, this is because the regenerating axis- 
cylinders have encountered an insurm ountable obstacle a nd  are 
forced together a t that place as a more or less bulky neuroma.

“The fix ity  o f  form ication on a level w ith the lesion, an d  the 
complete absence o f  form ication  below the lesion, would alm ost 
w arrant our affirm ing the complete interruption o f  the nerve 
a nd  the impossibility o f  spontaneous regeneration.

“If, on the other hand, the regenerated axis-cylinders can 
overcome the obstacle a nd  m ake their w ay into the peripheral 
segm ent o f  the nerve, we see a progressive migration o f  the 
form ication  so provoked. Pressure on the nerve below the w ound  
produces this sensation, a n d  fro m  week to week it m ay be en
countered a t a spot farther removed fro m  the nerve lesion. The 
presence o f  form ication provoked by pressure below the nerve 
lesion warrants our affirm ing tha t there is more or less complete 
regeneration.

“The site a t which form ication  can be demonstrated moves 
along the course o f  the nerve a t the sam e pace as the axis- 
cylinders advance; a t the sam e tim e tha t it extends progressively 
towards the periphery it disappears a t the level o f  the lesion.

“The form ication sign’ is thus o f  supreme importance, since 
it enables us to see whether the nerve is interrupted, or is in 
course o f  regeneration; whether a nerve suture has succeeded or 
failed, or whether regeneration is rapid a n d  satisfactory, or re
duced to a few  significant fibres.

“Formication lasts a tolerably long time; appearing about 
the fo u rth  week, it persists during the entire regeneration, i.e., fo r  
eight, ten, twelve m onths or more, gradually drawing nearer the
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extremity o f  the limb. I t ceases only when the regenerated axis- 
cylinders have alm ost regained their adult stage.

“Formication, however, m ay be absent, both a t the level o f  
the lesion a nd  below it; this absence is an unfavourable prognos
tic point; it shows that nerve regeneration is taking place imper

fectly, m ainly because o f  general disturbances o f  nutrition.”

He discusses examination of the peripheral nerves and points 
out that in neuralgia there may be nerve tenderness; after section 
there is formication, or tingling, distally, and neuromas are palpable.

Tendon Snpgcpy

Tendon Repair, Graft, and Transfer

Repair of severed extensor tendons of the fingers could well 
have been successful in the days before aseptic surgery, but it 
would have been a brave patient who volunteered to have this 
repaired before anesthesia.

TIMELINE OF TENDON SURGERY
b c  Achilles is fatally injured w hen  an arrow  severs his 

heelcord—the only part that had been untouched by the 
protective water w hen his m other dipped him in the River 
Styx. Hippocrates describes spontaneous rupture of tendon 
that heals with no great care, compared w ith open division 
that brings fever, m ental derangem ent, choking, and 
death—tetanus presumably.

2nd Galen states that tendons are made of ligament and nerve 
century and that suture would cause pain, convulsions, and death.

Everyone believes him and progress is at a standstill for 
hundreds of years.

1000 Avicenna repairs a tendon.
1543 Tendons w ere distinguished from nerves by Vesalius in 

his Atlas.
1665 Moinichen repairs several cases of tendon division.
1665 Lanzweerde investigates tendon healing in a dog.
1698 La Vauguion treats chronic tendon ruptures by excision of 

the scar and suture.
1767 John Hunter suffers a rupture of the tendo Achillis while 

dancing. He continues walking on it w ith a raised heel and 
a bandage around the calf; he heals well. He studies tendon 
healing in several dogs at Earl’s Court. The separated 
ends unite.

1770 Nisson’s free tendon graft of a finger extensor tendon.
1833 Charles Bell’s book on anatomy of the hand mentions 

tendon injuries.
1839 Vulpeau initiates the theory that the tendon sheath heals 

the tendon. Repair by suturing to a neighboring tendon
1840 Pirogoff studies tendon repair in various animals.

Duchenne from The Physiology of 
Motion, 1866. He used strings and 
springs and screws to demonstrate 
the action of muscles and imitate the 
effects of paralysis.

♦ Sir Charles Bell (1774-1842)

He gave his name to Bell's palsy, the 
long nerve of Bell, and a monograph 
on the anatomy of the hand, which 
was written to support a belief in 
God. He was nominated to write it 
by the A rchb ishop  of Canterbury 
and it was entitled The Hand, Its 
Mechanism and Vital Endowments 
as Evincing Design.
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♦ William Adams (1810-1900)

A mid-Victorian London orthopedic 
surgeon. He wrote about tendon re
pair based on animal work and au
topsy studies. Then in 1857 he wrote 
a book on subcutaneous surgery, 
which would be called minimally 
invasive surgery today and be very 
trendy. These were followed by a 
book on sco lio s is  in 1864 and a 
book on clubfoot in 1866.

♦  Guy Pulvertaft (1907-1986)

An Irishman, he became a consul
tant at the fishing port of Grimsby. 
Fish gutting caused many flexor ten
don injuries. Pulvertaft could not ac
cept am putation , the trad itional 
treatment. He started flexor tendon 
grafting and achieved legendary re
sults. Everyone came to see him op
erate and try to find out why his 
results were better than theirs.

When he reported his results in 
1954— 70 to 80%  useful range of 
movement— he was doing only one 
case a month. He concluded with a 
degree of frankness, rare in surgical 
literature : M in o r  d iffe ren ce s o f  
method are o f little importance. The 
failures in this series were due more 
to faulty performance o f  the opera
tion than to any other single factor.

♦ Paul Brand

After training in Britain he became a 
missionary surgeon in Vellore, India, 
where he treated the peripheral neu
ritis of leprosy. The patients have de
formities because of denervation as 
well as sensory loss— a vicious com
b ination . He p ioneered tendon 
transfers and wrote a wonderfu l 
book on Clinical M echanics o f the 
Hand  in 1985. He is a great thinker. 
When he wrote up the results of his 
intrinsic transfer, he said: M any o f 
these patients were poor and could  
ill afford to travel again to satisfy our 
scientific curiosity.

1850 Notta describes trigger finger.
I860 William Adams book on healing of tendons based on exper

imental work in rabbits
1869 Demrowski studies histology of repair.
1882 Heuck repairs a thumb extensor with a free graft after he 

had accidentally cut out a section of tendon.
1886 Peyrot replaces a flexor tendon defect w ith a dog 

tendon—good result.
1887 Monod replaces a thum b flexor defect w ith a rabbit 

tendon—perfect result.
1889 Mayo Robson at Leeds grafts a gap in an extensor tendon 

of the hand.
1889 Codivilla preserves the tendon sheath to prevent adhe

sions.
1895 De Quervain tenosynovitis
1896 Dums describes drummer boy palsy: overuse rupture of 

the extensor pollicis longus.
1901 Marchand theorizes that the tendon heals itself.
1902 Mainzer does tendon homografts.
1903 Seggel performs animal experiments on free tendon grafts.
1903 Leo Mayer described blood supply of tendons and tendon

movement in the sheath.
1910 Konrad Biesalski in Berlin—avoidance of adhesions using 

the tendon sheath
1912 Erich Lexer carries out a series of flexor tendon grafts.
1918 Sterling Bunnell recommends flexor tendon grafting in “no 

m an’s land.” Poor results the world over follow suture of 
flexor tendons in what is called “no man’s land.”

1919 Rehn shows that the tendon sheath heals to the homo
grafts. All kinds of membranes are subsequently used to 
prevent adhesions.

1930 Finkelstein test for de Quervain tenosynovitis
1932 Michael Mason and Clarence Shearon study science of 

tendon and graft repair
I960 Verdun describes tendon zones in hand
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WITH AS ACCOUNT OP THE APTEAHAXCES PRESENTED IX PIFTEEN 
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CONCERNING A FORM OF CHRONIC 
TENOVAGINITIS

F. DE QUERVAIN, 1895

“Although chronic in flam m ation o f  tendon sheaths is rightly 
an d  increasingly being regarded as due to tuberculosis, there are 
fo rm s which cannot be classified as tuberculous either by their 
clinical appearance or by their anatom ical situation. It m ay  
therefore seem right to report a series o f  cases, which, though  
having an affinity to tenosynovitis sicca, show significant differ
ences fro m  the accepted pattern  a nd  in which surgical interven
tion proved profitable.

“Mrs. L., 55 years old. Besides keeping house she worked a t 
gathering wood a nd  in  October 1893 she observed tha t move
m ent o f  the right thum b was gradually becoming painful. The 
p a in  was chiefly localised to the distal end o f  the radius and  
radiated fro m  there into the fore-arm; on occasion it became so 
acute that the p a tien t was unable to m ake gripping movements. 
This considerably interfered w ith her work. A t first she did  not 
observe any swelling, reddening o f  the skin, or crepitation. Only 
after several m onths did  she th ink she could notice some slight 
swelling. Although she rubbed in spirit o f  cam phor an d  applied 
w arm  compresses, the com plaint became worse rather than bet
ter; in February 1894 she decided to visit the surgical clinic. A t 
tha t tim e her condition was as follows:

“M ovem ent o f  the right thum b was painful. Palpation o f  the 
tendon sheaths or tendons in  question was norm al apart fro m  
slight circumscribed thickening o f  the retinaculum  overlying the 
extensor pollicis brevis a nd  abductor pollicis longus a t the lower 
end o f  the radius. This tendon sheath com partm ent was notice
ably tender on palpation by contrast with the rest o f  the tendon  
sheath. There was no crepitation nor was there any m otor distur
bance in the sense o f  triggering. From her condition it could be 
assum ed tha t this was not tuberculous and  it was equally certain

♦  Fritz de Quervain (1868-1940)

de Q uerva in  w as a most d is tin 
guished general surgeon and suc
ceeded Kocher as professor of sur
gery at Berne. He was born at Sion 
in the Valais Canton of Switzerland, 
where his father was pastor. After 
studying at Berne, he settled as a 
surgeon in the watch-making district 
of La Chaux-de-Fonds. After 8 years 
he returned to the U n ive rs ity  as 
Reader in Surgery under Kocher, be
coming involved in the enormous 
program of c lin ic a l and scientific 
work on goiter. He was responsible 
for the introduction of iodized table 
sa lt. H is interests were very w ide 
and he made contributions to most 
branches of surgery. Grey Turner vis
ited his c lin ic  in 1908 and was viv
idly struck by his resource and imag
inatio n . " It w as a badly united 
fracture of the femur and he was 
finding difficulty in getting correct 
alignm ent and in fixing the frag
ments. In the middle of the opera
tio n , and apparently w ithout pre
m editation , he sent for an old- 
fashioned vulcanite pessary. This he 
heated and moulded into a sort of 
angulated peg which fitted into the 
medullary cavities of the bone ends 
and served to give stability to the 
fragm ents w h ile  the w ound w as 
closed and the limb put up in a fixa
tion apparatus."
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that it was no t a fo rm  o f  gouty arthritis. I t seemed m ost likely 
that it was a thickening o f  the tendon sheath a t a specific point,
i.e., a t the fibrous extensor tunnel roofed by the extensor retinacu
lum. The fu n ctio n a l disturbance was produced by an increase o f  
friction  a t this point.

“On 7 March 1894, setting ou t w ith the idea that stenosis 
was the cause o f  the condition, I  excised (under cocaine anaesthe
sia) the com m on tunnel o f  extensor pollicis brevis a nd  abductor 
pollicis longus over a length o f  one centimeter, laying the tendons 
open to the subcutaneous tissue. The outer surface o f  the synov
ium  showed no t the slightest change; there was no effusion o f  
fibrin, etc., a nd  the underlying bone was sound. Only the excised 
tunnel o f  the tendon sheath seemed to show a certain thickening 
which was hard to define.

“After the operation the p a in  which the pa tien t had pre
viously fe lt  disappeared, and, after the incision had healed per  
prim am , she began to use her thum b again w ithout trouble. A 
report on 7 March 1895 shows tha t the p a tien t rem ained perfectly 
well a nd  the lack o f  the tendon sheath tunnel caused her no 
disturbance.”

He operated on a further case and describes three others seen 
by a colleague. On the basis of these cases he draws a clinical 
picture of the disorder.

“The patients feel more or less acute p a in  when moving the 
thumb; this radiates fro m  the wrist to the thum b an d  the forearm  
a n d  is o f  such degree tha t often they cannot continue to hold an  
object that they have picked up. Palpation shows either nothing  
or slight thickening o f  the tendon sheath tunnel a t the distal end  
o f  the radius, which is in every case definitely tender to touch, 
whereas the rest o f  the tendon sheath is either less tender or not 
tender a t all. This affection is always chronic.”

De Quervain wondered why this should occur. Perhaps it is 
because the thumb is the most used digit and the radial styloid 
area is liable to injury. Kocher wrote to him about the condition 
and took the view that it began as an occupational hypertrophy of 
the tunnel. He compared it with Nelaton’s description of trigger 
finger but observed that for no very obvious reason the secondary 
nodule in the tendon was absent. De Quervain, too, thought that 
the thickening of the tendon sheath or of its synovial lining was 
responsible for the condition and that the friction generated by the 
stenosis aggravated it.

He advocated surgery as the most rewarding method of treat
ment. He suggested a 4-cm incision in the line of the tendons, 
taking care to avoid the radial nerve. The roof of the tunnel should 
then be removed.

Trigger Finger in the German Army, 1897
Schulte described nine cases. He did some experiments and 

found that the tendon sheath checked movement. And when the 
arch at the entrance was divided, motion was easy.
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fland  Jnfcction

In 1912, A. B. Kanavel published a book, Infections o f  the 
Hand. In experiments, he demonstrated the tendon sheaths and 
fascial spaces in the hand, which are the clue to recognizing the 
spread of advanced infection.

Replantation

TIMELINE OF MICROSURGERY
1906 Alexis Carrell: macrotechnique for experimental replantation
1917 Esser: island flaps
1921 Nylen of Sweden uses a microscope to dissect the inner ear 

of a rabbit.
1923 Holmgren introduces the Carl Zeiss binocular operating mi

croscope for ear surgery.
1950s Kidney grafts begin.
I960 Jacobsen works on small vessel anastomosis.
1962 May 23: Ronald Malt replants a severed limb at the midarm 

level in Boston. Fifteen years later the patient is working as a 
truck driver delivering beef carcasses.

1962 November: Harold Kleinert reanastomosed a digital artery for 
a partially amputated thumb.

1964 J. W. Smith uses the microscope for nerve repair.
1968 July: first com plete thumb replant by Komatsu and Tamai 

in Japan.
1970s Many replant services are organized, laboratories develop for 

training, and elective free transfers become frequent.

♦  A. B. Kanavel

REPLANTATION
R. A. MALT, BOSTON, 1962

“Everett Knowles knew a severed arm lay within his sleeve and 
innocently assumed we could restore it. The idea didn’t seem so far
fetched to the residents of the West Surgical Service either" R. A. Malt 
and C. F. McKahn

♦ CASE 1
“A 12-year-old boy was brought to the Massachusetts General 
Hospital on May 23, 1962, 30  m inutes after his right arm  
below the shoulder had been sheared fro m  his body between 
the side o f  a freigh t train an d  a stone abutment.

“His blood pressure was 120/80 m m  Hg a nd  his pulse  
was 120 beats p er  minute. The end o f  the axillary artery, 
sealed w ith thrombus, was seen w ithin the stum p o f  the right 
shoulder. The dismembered arm  was unblem ished below the 
level o f  injury. There were no signs o f  damage to the central
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nervous system, chest, or abdomen, bu t the tips o f  his left 
thum b a nd  index a n d  middle fingers were crushed.

“The severed arm  was im m ersed in a m ixture o f  ice and  
sodium  chloride solution as blood transfusions were begun 
a nd  tetanus toxoid an d  antitoxin given. When the vital 
signs became stable a nd  no systemic injury was apparent, 
replantation was considered.

“To free the vascular system o f altered blood a nd  to 
detect covert damage the lim b was removed to an operating 
room. There, intra-arterial perfusion was carried out, first 
with Ringer’s solution containing sodium  heparin, bacitra
cin, an d  neom ycin sulfate, a nd  then with 25% sodium  diatri- 
zoate fo r  arteriography. Hs the X-ray p icture o f  the arterial 
system was apparently norm al an d  the boy’s condition good, 
we decided to a ttem pt reunion.

“Preparation o f  the stum p was restricted to irrigation 
with Ringer’s solution a nd  removal o f  a fe w  com m inuted  
fragm ents o f  bone. Circulation was restored by an  anastom o
sis o f  two brachial venae comites a nd  then o f  the artery 
itself w ith No. 000000 polyester thread inserted by a modi

fie d  Carrel technique. The bone w as fix ed  by driv ing  a 
Kuntscher intram edullary nail fro m  the fracture site through 
the head o f  the hum erus a n d  by subsequently impacting the 
distal bone on the exposed length o f  nail. Corresponding 
ends o f  each o f  the fo u r  m ajor nerves were jo in ed  with a 
m arking stitch.

“By this tim e the extent o f  perm anently devitalized tis
sue was obvious, so jud icious debridem ent was possible. 
Healthy muscle was coapted with mattress sutures o f  chro
mic catgut, the rem aining skin  closed with silk, a spica cast 
applied a nd  the injured fingers o f  the left hand  repaired. A 
large denuded area over the deltoid muscle and  a smaller 
one in the axilla were covered w ith split-thickness skin  grafts 
five  days later.

“No anticoagulants were used a t any tim e during sur
gery or the postoperative period. Penicillin G a nd  streptomy
cin sulfate were given intramuscularly fo r  eight days and  
phenoxym ethyl penicillin orally, fo r  an additional five. The 
body temperature varied fro m  99° F (37.2° C) to 101° F 
(38.3° C) fo r  six days, fro m  99° F to 100° F (37.8° C) fo r  

fo u r  more, an d  was thereafter norm al until the boy was 
discharged fro m  the hospital three weeks after entry. Inten
sive physiotherapy involving passive m ovements o f  all jo in ts  
below the elbow a nd  galvanic stim ulation o f  accessible de- 
nervated muscles, begun early in  the hospital stay, was con
tinued daily un til neurolysis on Sept. 11, 1962. (Plans fo r  an  
earlier operation were deferred because o f  a paronychia.)

“Each o f  the fo u r  nerves in the upper arm  was involved 
in a neuroma, 5  to 10 cm long. In addition, the distal 
end o f  the m usculocutaneous nerve was severely scarred 
throughout its entire length, a n d  the diam eter o f  the distal 
radial nerve was uniform ly only a fifth  that o f  the proxim al
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segment. (Long gaps in these two nerves were bridged by 
free  autogenous nerve grafts.) Lysis o f  the m edian a nd  ulnar  
nerves well into the forearm  a n d  flex ion  o f  the elbow perm it
ted generous resection an d  an  end-to-end anastom osis o f  
these structures, b u t a neurom a rem ained in each proxim al 
segm ent as fa r  proxim al as could be discerned. A spica 
cast was again applied. Chloramphenicol a nd  erythromycin 
readily controlled a postoperative staphylococcal cellulitis, 
an d  the p a tien t left 11 days after surgery.

“Four m onths later, active contraction appeared in the 
flexor muscles o f  the forearm. Strength grew slowly fo r  three 
months, then quite rapidly fo r  three more. M ovem ent o f  the 
opponens pollicis was detected 11 m onths after neurolysis, 
a nd  by tha t tim e two-point discrim ination a nd  the sensa
tions o f  temperature a nd  light touch were present in all 
digits; contraction o f  the biceps was unequivocal. Bulk began 
to return  to the hyp o th en a r em inence a fter 14 m onths. 
Twenty m onths after neurolysis strength in the biceps, prona
tor, a nd  the opponens pollicis was about 30% to 40% o f  
norm al and  in the deep a nd  superficial flexors o f  the fingers 
a n d  wrist, over 80% o f  normal. Sensation had  returned to 
the extent that a 200-mg hair, pain, a n d  temperature could 
be appreciated in all fingers. Abduction o f  the shoulder was 
lim ited to 75' because o f  the nail im pinging on the acro
mion, bu t was otherwise full. The elbow had  norm al flexion  
bu t lacked 10' o f  fu l l  extension. The boy could lift 10-lb 
weights a nd  write his name. His interest a n d  performance  
in school have improved.

“A t 15 years post injury the p a tien t has done extraordi
narily well physically a nd  psychologically. He works fu l l  tim e  
as a truck driver, m oving heavy carcasses o f  beefi’

Dwpuyt^cn's Ccmti*cicti*i4e

It is strange that a disease that occurs nowadays in about one 
in five of the population over the age of 60 years, and is so obvious 
to all, did not attract attention until the last century. Surgeons, 
artists, and writers did not notice the condition, but players of 
bagpipes apparently called it the Curse of the MacCrimmons for 
centuries (D. Elliot). Not being a fan of the pipes, I had always 
assumed that every player had this condition, but in fact the 
contracture makes playing the pipes impossible.

Dupuytren certainly gave the best account of this contracture 
in a lecture at Hotel Dieu, Paris, in 1833- This was published in the 
Lancet the following year, in accordance with Thomas Wakeley’s 
plan to give publicity to the teachings of the men at the forefront 
of the profession. Apart from giving the condition the name of 
Dupuytren and acquainting doctors with the contracture, it encour
aged one man, John Windsor, to look through lecture notes he had 
made as a student 25 years before. He had heard Henry Cline 
lecture on this in 1808 at St. Thomas’ Hospital, London: ♦  Guillaume Dupuytren
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“One or more o f  these tendinous colum ns o f  the aponeurosis 
palm aris sometimes becomes contracted and  thickened; m ost 
generally only one is affected, b u t som etim es more a nd  propor- 
tionably so m any fingers are bent into the pa lm  o f  the hand. The 
treatm ent is easy and  efficacious; it consists in cutting through 
the aponeurosis w ith a com m on knife. In perform ing the opera
tion, in order to avoid the blood vessels and  nerves underneath, 
the fingers or finger m ay be kept extended afterwards by a splint, 
fo r  the flexor muscle has in som e degree become shortened and  
w ithout this the disease m ight be reproduced.”

In 1777 Cline wrote in his notebook:

“The contraction o f  the fingers which so frequently happens 
in  laborious people, arises fro m  a thickening o f  the fascia o f  the 
p a lm  o f  the hand, w ithout any alteration in the muscles and  
tendons. This has been seen in dissecting two subjects, in one all 
the fingers were contracted, bu t upon cutting through the fascia, 
they were im m ediately extended.”

Astley Cooper, too, recognized the condition, writing about 
it in his treatise on dislocations and fractures of the joints in 1822:

“The fingers are som etim es contracted in a sim ilar manner, 
by a chronic inflam m ation o f  the thecae, a n d  the aponeurosis o f  
the p a lm  o f  the hand, fro m  excessive action o f  the hand  in the 
use o f  the hammer, the oar, ploughing, etc., etc. When the thecae 
is contracted, nothing should be attem pted fo r  the p a tien t’s relief, 
as no operation or other m eans w ill succeed; bu t when the 
aponeurosis is the cause o f  the contraction a nd  the contracted 
band  is narrow, it m ay be w ith advantage divided by a po in ted  
bistory, introduced through a very sm all w ound in the integu
ment. The finger is then extended a n d  a splint is applied to 
preserve it in the straight position.”

PERMANENT RETRACTION OF THE 
FINGERS, PRODUCED BY AN AFFECTION 

OF THE PALMAR FASCIA
DUPUYTREN, 1833

“Retraction o f  the fingers, Gentlemen, a n d  particularly that 
o f  the ring-finger, has been observed fo r  m any years, b u t it is 
only very lately tha t the cause o f  this deform ity has been investi
gated with success.

“The greater num ber o f  individuals affected by this disease 
have been obliged to m ake efforts w ith the p a lm  o f  the hand, or 
frequently to handle hard bodies. Thus the wine-merchant and  
coachm an o f  w hom  we shall presently speak were obliged, the 
one to perforate continually the casks w ith a gimlet, the other to 
p ly  his whip unceasingly on the backs o f  his ja d ed  horses; it is 
also seen in masons who lift stones w ith the extremities o f  the 
fingers, in ploughmen, etc.; hence we see tha t the disease occurs 
m ost frequently in  those who are forced  in working to m ake the 
p a lm  o f  the hand  a  point d ’appui. Individuals who are predis
posed to the disease o f  which we speak, perceive tha t they extend
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the fingers o f  the injured hand  w ith less facility  than usual; the 
ring-finger soon begins to contract; the deformity first attacks the 
proxim al phalanx, a n d  the others follow  its movement: as the 
disease advances, the finger becomes more contracted, an d  the 
flexion  o f  the two neighbouring fingers begins to be remarked. 
We do not fee l any nodosity in fro n t o f  the chord which runs 
along the p a lm a r surface o f  the ring-finger; the two last phalanges 
are straight a nd  movable a t this period; an d  the proxim al one is 
bent nearly a t a right angle on the metacarpal bone, b u t still 
retains some motion; in this state it cannot be brought to its 
original position by the m ost violent effort. A person attacked by 
this infirm ity attached to his finger a weight am ounting  to 150 
pounds, w ithout influencing in the least the degree o f  flexion. 
When the ring-finger is flexed  to a great degree, the skin  presents 
various folds, the convexity o f  which looks towards the articula
tion o f  the wrist.

“B u t yo u  m ay ask, w hat are the inconveniences o f  this 
affection? As the ring-finger cannot be extended, the m otion o f  
the two neighbouring fingers is much limited; the p a tien t can 
only seize a very sm all body; i f  he attempts to grasp it strongly, 
he feels great pain; the very act o f  catching any body is painful. 
A man, who had  been fo r  a long tim e affected w ith this disease, 
happened to die. I  had  kept m y eye on h im  fo r  som e years, and  
was determ ined no t to lose this opportunity o f  investigation. 
Accordingly I  possessed m yself o f  the arm  o f  this man, had  the 
state o f  parts accurately drawn by an artist, a n d  then proceeded  
to dissect them. When the skin  was removed fro m  the pa lm ar  
surface o f  the hand  a nd  fingers, the fo lds which I  have before 
noticed, disappeared altogether. I t  w as ev id en t then th a t the 
folded arrangem ent o f  the skin  during life depended on some 
other affection; b u t w hat was this? The dissection was continued  
by exposing the p a lm a r fascia, a nd  I  was astonished to perceive 
that this fascia was tense, retracted, a nd  shortened. From its 
lower portion were given o ff  kinds o f  chords, which passed to the 
diseased finger. In  flexing  a nd  extending the fingers, I  could  
clearly see that the fascia underw ent a sort o f  tension, or crack
ling; this was a trace o f  light, a nd  m ade m e suspect that the 
aponeurosis had  some connexion w ith the complaint. B u t the 
precise p o in t affected rem ained to be discovered. I  cut through 
the prolongations extending fro m  the fascia  to the fingers; the 
state o f  contraction im m ediately ceased, an d  the slightest effort 
was sufficient to bring them to complete extension; the tendons 
were all sound, a nd  the sheaths had no t been opened; bu t in 
order to leave no doubt on the subject, I  exam ined the tendons 
with care. Their surfaces were smooth, a nd  they enjoyed their 
usual degree o f  motion. The jo in ts  also were in a healthy state, 
the bones were neither swollen nor changed in any degree. I  
could distinguish no alteration o f  the articular surfaces or liga
ments. The synovial membranes, the synovial cartilages, all were 
sound. I t was, therefore, natural to conclude that the disease 
com menced in an  exaggerated tension o f  the p a lm a r fascia, 
which depended on the violent or long-continued action o f  some 
hard body on the p a lm  o f  the hand.
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“C ases o f  C ontraction o f  the Ring an d  Little Fingers 
C om pletely C ured by D ivision  o f  the P a lm ar A poneurosis

♦ CASE 1
In  1811, M. L., wine-merchant, having received fro m  the 
South a great deal o f  wine, was desirous to assist his work
m en in arranging the casks in the store. While endeavouring  
to raise one o f  the casks, which was very heavy, by placing  
his hand  under the edge o f  the stave, he fe lt a  sensation o f  
cracking a nd  a slight p a in  in the pa lm  o f  his hand. For some 
tim e the p a r t rem ained s tiff a n d  sensible, b u t these sym ptom s 
soon w ent off, a nd  he p a id  little attention to the state o f  his 
hand. The accident was nearly forgotten, when he perceived  
tha t the ring-finger com menced to contract towards the palm  
o f  his hand, a nd  could no t be extended as much as the 
other fingers. As there was no pain, he neglected this slight 
deformity. By degrees the disease advanced, a nd  m ade a  
sensible progress each year, so that in 1831 the little and  
ring fingers were completely flexed, a n d  applied to the pa lm  
o f  the hand; the second p h a la n x  was fo lded  on the first and  
the extremity o f  the third applied to the m iddle o f  the ulnar  
edge o f  the p a lm a r surface. The sm all finger was firm ly  flexed  
on the pa lm  o f  the hand; a nd  the skin o f  this p a r t was 
folded, a nd  dragged towards the retracted fingers.

“The patient, annoyed by seeing this deformity getting 
daily worse, consulted several surgeons, who all said that 
the disease existed in the flexor tendons, a nd  advised their 
section as the only remedy; b u t som e would cut both tendons, 
whilst others proposed to divide only one.

“The m om en t I  saw the m a n ’s hand  I  recognized the 
affection o f  the p a lm a r fascia, declared the disease was no t 
situated in the tendons, a n d  tha t a fe w  incisions practised  
in the aponeurosis w ould be sufficient to restore entire free
dom  o f  m otion to the finger.

“O peration. The hand  o f  the p a tien t being firm ly  fixed, 
I  com m enced the operation by m aking  a transverse incision 
nearly an inch long, opposite the metacarpophalangeal artic
ulation o f  the ring finger; the bistoury divided first the skin  
a nd  then the p a lm a r fascia, w ith a crackling sound percepti
ble to the ear; after this incision the ring-finger recovered its 
position a nd  could be extended nearly as completely as ever. 
As I  was desirous to spare the p a tien t the p a in  o f  a new  
incision, I  attem pted to prolong the division o f  the fascia by 
gliding the bistoury deeply under the skin towards the ulnar 
edge o f  the hand, in order to free, i f  possible, the little finger, 
bu t this attem pt failed. I  was in consequence obliged to m ake 
another transverse incision opposite the articulation o f  the 
firs t a nd  second p h a la n x  o f  the little finger, which enabled 
m e to detach it fro m  the pa lm  o f  the hand, bu t the rest o f  
the finger rem ained obstinately fixed  towards this part. A 
new  incision, however, divided the skin  a nd  fascia opposite 
the metacarpal jo in t  o f  the finger, to give it some slight 
liberty; finally, a third transverse cut was m ade opposite the
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middle o f  the first phalanx, a n d  im m ediately extension o f  
the finger was easily accomplished; this proved clearly tha t 
the last incision had  divided the p o in t o f  insertion o f  the 
fascial process. The w ounds were simply dressed with dry 
lint, a nd  the fingers kept in a state o f  extension by a suitable 
apparatus.

“P ro g ress  o f  the Case. N ext day, little pain; merely 
some uneasiness fro m  the continued extension. On the fo l
lowing day the back o f  the hand  was slightly oedematous 
fro m  the pressure o f  the apparatus, which was clumsily 
made; another was applied, bu t the state o f  irritation contin
ued, great p a in  set in, a nd  the hand  became m uch swollen. 
Not wishing to remove the m achine applied to extend the 
fingers, I  ordered the hand  to be bathed continually w ith  
Goulard’s solution, which gave considerable relief. On the 
15th we fo u n d  som e suppuration had  set in; the ha n d  was 
still swollen a nd  painful. Extension was continued to the 
sam e degree as formerly, a nd  the cold lotion applied. On 
the 16th the swelling had  abated considerably, the fingers 
rem ained s tiff a n d  suppuration was fu lly  established. 1 7th: 
The sym ptom s were more favourable, a nd  the extension 
could be increased som ew hat w ithout determ ining any pain. 
Finally, in the course o f  some days the swelling o f  the hand  
disappeared, an d  the w ounds were healed on the 2 nd  o f  fuly.

“The cause o f  this slowness in the cica triza tion  de
pended, w ithout doubt, on the forced extension in  which the 
fingers were constantly kept. The p a tien t continued to carry 
the apparatus fo r  another month, in order to oppose the 
reunion o f  the edges o f  the divided fascia; a nd  when a t 
length this was removed, we had  the satisfaction o f  seeing 
tha t he could fle x  his fingers w ith facility, a nd  tha t the 
stiffness which rem ained was only due to the forced exten
sion in which the articulations were held fo r  so long a time; 
bu t this rigidity disappeared when the pa tien t had, fo r  a 
short time, resumed his accustomed exercises.

“R em arks. This case can leave no doubt o f  the nature  
o f  the disease b u t we m ay be inclined to ask, hoiv can 
the p a lm a r fascia determ ine sim ilar effects? To answer this 
question, we m ust recall to yo u r  m em ory a fe w  anatom ical 
particulars concerning this fibrous envelope. The superficial 
pa lm ar fascia is partly fo rm ed  by the expansion o f  the 
tendon o f  the pa lm aris longus, a n d  o f  the anterior portion  
o f  the annular ligam ent o f  the wrist. Though very strong in 
its origin, it thins by degrees, an d  sends o ff fro m  its inferior 
margin fo u r  fibrous slips, which pass towards the inferior 
extremity o f  the fo u r  last metacarpal bones; here each o f  
these slips bifurcates fo r  the passage o f  the flexor tendons, 
and  each branch o f  the bifurcated slip passes on to be 
attached to the side, a nd  no t to the front, o f  the phalanx, as 
m ost anatom ists have thought. These are the slips o f  fascia  
which should be cut, whenever the operation becomes neces
sary. When we dissect o ff  the skin  fro m  the fascia beneath, 
we fin d  a certain difficulty in separating it, because the
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♦ William Heberden

♦ Robert Kienbock

cellular tissue is dense, a nd  because various fibrous fila 
m ents pass fro m  the fascia into the integument; these adhe
sions explain readily the w rinkled state o f  the skin, a nd  its 
motion. A t first sight we m ight be inclined to dread cutting  
the nerves and  vessels o f  the finger, bu t these parts are well 
protected by a k in d  o f  bridge fo rm ed  by the contracted fibres, 
a nd  run  no risk o f  being divided.”

William Heberden (1710-1801)
He was born in London and studied medicine, partly at Cam

bridge and partly in London. Having taken his degree of Doctor of 
Physic, he practiced in the University for about ten years, and then 
settled in London and was elected into the Royal Society. He very 
soon ran a big practice.

In 1766 he recommended to the College of Physicians the first 
design of the Medical Transactions, one of the first medical jour
nals. He declined all professional business several years before his 
death, which was mercifully postponed until the year 1801, when 
he had advanced to the age of 91-

HEBERDEN'S NODES, 1802
“D igitorum  Nodi. What are those little hard knobs, about 

the size o f  a small pea, which are frequently seen upon the 
fingers, particularly a little below the top, near the joint? They 
have no connection with the gout, being fo u n d  in persons who 
never had it: they continue fo r  life a nd  being hardly ever attended  
w ith pain, or disposed to become sores, are rather unsightly than  
inconvenient, though they m ust be som e little hindrance to the 
free use o f  the fingers.”

R obert Kienbock (1871—1953)
He studied in Vienna and after travel, started a medical clinic 

with radiology as a sideline. Soon it became his main occupation. 
He wrote on both diagnostic and therapeutic radiology, with a 
particular interest in bone. He wrote about avascular necrosis of 
the lunate in 1910. Although much handicapped after being thrown 
from a horse in midcareer, he continued to be productive.

CONCERNING TRAUMATIC MALACIA OF 
THE LUNATE AND ITS CONSEQUENCES: 

DEGENERATION AND COMPRESSION 
FRACTURES

ROBERT KIENBOCK, 1910

“There is a characteristic traum atic lesion o f  the lunate  
which occurs alone, or in association with analogous changes in 
the navicular, or w ith fractures o f  the navicular, triquetrum, 
epiphysis o f  the radius, a nd  styloid process o f  the ulna. I t appar
ently arises as a result o f  a contusion or sprain o f  the wrist, 
especially in the case o f  a dorsal perilunar dislocation in associa
tion w ith tears o f  the interosseous ligaments a n d  blood vessels. 
The disturbance o f  nutrition which follows leads to a weakening
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and  progressive porosis evidenced by sclerosis a nd  gradual wear
ing away o f  the proxim al portion o f  the lunate, a n d  fina lly  in 
the decay o f  the bone.

“The diagnosis can be m ade only on the basis o f  the X-ray 
findings. On the anteroposterior view o f  the wrist one can fin d  
changes in the fo rm  an d  structure o f  the bone, beginning in the 
proxim al portion. This shows itself as a spotty irregularity w ith  
areas o f  increased an d  decreased density corresponding to the 
weakening a n d  atrophy o f  the bone. Later on, one finds occasion
ally defects a nd  sclerosis in the rem aining portion o f  the bone. 
The bone is often abnormally flattened, the proxim al portion  
appears to disappear, showing only as a thin shadow, as the bone 
wears away. In  the oblique views o f  the wrist, the fla tten ing  o f  
the bone is more obvious. Here one can see the results o f  compres
sion an d  wearing away. One m ay also see sm all pieces o f  bone de
bris.

“The diagnosis cannot be m ade on clinical grounds as a 
rule. In  acute cases, only swelling o f  the wrist is noted. In other 
cases the follow ing factors p o in t toward the diagnosis. There is 
often diffuse swelling o f  the wrist w ith pa in  on m otion and  
lim itation o f  m otion in  all directions. Occasionally crepitus can 
be elicited on dorsiflexion o f  the wrist. With the wrist in volar 
flexion  there m ay be a pressure-sensitive prom inence on the 
dorsum  o f  the w rist over the lunate. Rarely, distinct moveable 
fragm ents can be palpated. Sometimes percussion over the head  
o f  the third metacarpal (the hand  held in a fist) m ay produce 
pa in  over the lunate. Occasionally the wrist bone m ay be short
ened as measured fro m  the distal radius to the base o f  the third 
metacarpal.

“Over a period  o f  m onths a nd  years, the surface o f  the 
proxim al portion o f  the lunate will be worn away, becoming 
generally smaller. The jo in t surface o f  the adjacent radius will be 
dam aged an d  the cartilage destroyed. Finally, the lunate can 
become fragm ented  into two or more sm all pieces. Arthritis de
form ans, however, does not spread to the other neighboring car
p a l bones.

“In  the beginning, treatm ent consists o f  the usual measures; 
massage, hot packs, ho t air, etc. Sim ilar treatments are used later 
on fo r  recurrent swelling, b u t in the fa c t o f  progressing bone 
destruction, they are, on the whole, worthless. In  cases with  
severe difficulty, considerable p a in  a nd  disability, the lunate can 
be excised.

“A t operation, the proxim al portion  o f  the lunate is fo u n d  to 
be fragmented. The fragm ents are held, loosely bound, in connec
tive tissue. The radiocarpal jo in t  is covered ivith thick, yellow  
connective tissue. A fter decades, a t post mortem  exam ination, 
the anatom ic findings are the same. The proxim al portion  o f  the 
lunate has been destroyed fo r  the m ost part. The m ajor portions 
o f  the articulating surfaces fo r  the navicular, capitate, hamate, 
and  triquetrum  are reasonably well preserved. Usually the lunate  
is fo u n d  in two equal-sized fragm ents, one volar a nd  one dorsal.

“This traum atic lesion o f  the lunate is quite common, oc
curring perhaps as frequently  as the sim ilar lesion in the navicu
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♦  Otto Madelung

Madelung’s deformity.

lar. It is treated, since it initially was considered to be only a 
contusion or sprain, only when it causes increasing difficulty. 
The pa tien t usually does no t complain o f  the m inor episode o f  
injury, bu t considers an  earlier, more severe in jury as causing 
the condition. This should be considered in rendering a medical 
legcd opinion.”

Otto Madelung (1846-1926)
Madelung was an abdominal surgeon—he flourished during 

the time that surgery was beginning to have something to offer the 
patient with abdominal disease. His orthopaedic contributions, 
though they caused his name to decorate textbooks, were slight.

He was born in Gotha, the son of a merchant, and he studied 
at Bonn and Tubingen. After serving in the Franco-Prussian war of 
1871 he settled in Bonn, and during this time he wrote his paper 
on wrist deformity. He became assistant professor of surgery at 
Bonn in 1881, then at Rostock before becoming professor at Stras
bourg in 1894, where he was the youngest member of the medical 
faculty. He built up the hospital at Strasbourg along German lines 
and continued to work there until the city was recovered by the 
French at the end of the First World War. Then all the German 
professors were replaced by French, and after a period under house 
arrest, he retired to Gottingen.

Apart from his work on intestinal resections, intestinal ty
phoid, obstruction, and so on, he was one of the first advocates of 
early laparotomy for abdominal injuries. In 1909 he described 
arthrotomy of the shoulder from behind. His description of defor
mity at the wrist was not original, and only a little more complete 
than descriptions by Dupuytren and R. W Smith which had ap
peared many years previously.

It is difficult to give much impression of his personality— 
someone described him as a “serious and conscientious man with 
a powerful will,” and this rather stern picture is supported by 
one of his sayings: “Every clinical lesson m ust be prepared and  
conducted in such a way tha t every student who contemplates 
missing the class m ust fee l that he would miss something im 
portant!'

SPONTANEOUS ANTERIOR SUBLUXATION 
OF THE HAND

O TTO  M ADELUNG, 1878

“The deformity is m ost noticeable looking a t the subluxation  
fro m  the u lnar side. The forearm  is apparently norm ally formed. 
The distal end o f  the ulna is distinct under the norm al though 
rather tense skin  a nd  the styloid process a nd  articular surface 
can be recognised w ith the eye a nd  encircled by the finger. The 
hand  viewed on its own is norm al bu t has dropped forwards. 
The diam eter o f  the wrist is alm ost twice the normal.

“The hand, viewed fro m  the radial side, is less obviously 
displaced forwards. The extensor tendons, which pass over the 
radius towards the dorsum  o f  the hand, bridge a nd  obscure the 
step tha t was so noticeable on the u lnar side. The antero-posterior
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diam eter appears to be alm ost doubled. When the distal end o f  
the radius is palpated w ith the hand  dorsiflexed, i.e., w ith the 
extensor tendons relaxed, a large portion  o f  the articular surface 
o f  the radius m ay be palpated. A t the sam e tim e it is noticeable 
that the posterior lip o f  the lower end o f  the radius, which is 
normally rather sharp, has become more obtuse. I f  it is compared 
with the radius o f  the healthy side it is noticed that the whole 
distal epiphysis o f  the radius is angulated volarwards. In some 
cases, when the hand  is inspected in the neutral position between 
flexion  a nd  extension, there is slight deviation o f  the hand  radi
ally a nd  som etim es laterally. Viewed anteriorly, the bridge-like 
prom inence o f  the flexor tendons, particularly flexor carpi radi- 
alis, flexor carpi ulnaris, a nd  palm aris longus, becomes notice
able.”

Madelung regarded the condition as a defect of growth of the 
wrist joint. It was not due to trauma or infection. Heavy work by 
young people produced more pressure on the anterior part of the 
distal radial epiphysis than on the posterior part. In those with 
“primary weakness of bone,” this degree of pressure may cause the 
anterior part of the epiphysis to stop growing. As a result the lower 
end of the radius comes to be angulated forward. The carpal bones 
are also compressed and show changes.

Today, this deformity is regarded as a frequent feature of 
dyschondrosteosis.

Treatment was not successful. Surgically replaced hands re
lapsed. However, Madelung noted that the pain disappeared after 
a time even when the subluxation was gross, and that the capacity 
for work was not impaired.

PARTIAL EXCISION OF LOWER SHAFT OF 
ULNA FOR DEFORMITY FOLLOWING 

COLLES' FRACTURE 
W ILLIAM DARRACH, 1913

The patient had a malunited fracture with pain, limitation of 
motion, and radial shortening only 7 weeks after fracture.

"It was decided to shorten the idna, preserving the ulnar  
articular surface.

“Through a sm all posterior incision the lower end o f  the 
ulna was exposed, its periosteum  carefully reflected a nd  about 
h a lf an  inch o f  shaft removed. The bone was cut through with 
cutting forceps, resulting in a good deal o f  splintering, an effort 
thus being m ade to obtain a more rapid regeneration.”

The range of movement improved, but the ulnar osteotomy 
was un-united at the time of the report. This is interesting, because 
many people believe that he shortened the ulna by removing the 
articular end.

♦  William Darrach (1876-1948)

He was a Yale graduate who worked 
in New York. He became dean of 
medicine at Columbia and played a 
big part in building up the Colum- 
bia-Presbyterian Medical Center be
fore resigning and running the frac
ture se rv ice . He w as a negotiator 
and teacher.

R eferences
Chapter references are located in Chapter 26.
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Dcfomity of- 
the Sp ine

Scoliosis

Scoliosis has been a major concern since the beginning of re
corded time. Although it is much less frequent than back pain, 

all the early interest was on visible deformity rather than on hidden 
suffering. So there were many scoliosis institutes and publications 
during the last 300 years; however, we are still no nearer under
standing the cause of idiopathic scoliosis. There is still contention 
as to w hether bracing makes any difference. Arthrodesis, which 
has been given up for most conditions, is still used; indeed, we are 
still devising implants to create a more secure arthrodesis of the Title page of Pravaz’s book, 1827. 

crooked spine.
Early on, scoliosis was distinguished from tuberculosis of the 

spine. Scoliosis was a benign condition, whereas tuberculosis pro
duced a gibbus, wasting, paraplegia, and death.
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From Pravaz, 1827.

♦ Charles Gabriel Pravaz (1791- 
1853)

He founded an orthopaedic institute 
in Paris and took Guerin into part
nership. He used traction for scolio
sis. He is known for his Balangoire 
Orthopaedique. In 1834 he moved 
to Lyon and started to reduce devel
opmental dysplasia of the hip.

143
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Rocker exerciser for scoliosis. 
From Edward Duffin: Lateral 
Deformity of the Spine, 2nd ed. 
London: 1835.

Famous People with Scoliosis
The M ysterious Scoliosis o f  Catherine the Great (1729— 

1796). About 18 months after Catherine was born, her mother 
gave birth to a crippled son, Wilhelm. Mother loved him idola- 
trously, whereas Catherine was ill treated. The son died at age 12 
and at autopsy was found to have congenital dislocation of the hip.

At the age of 7 years, Catherine was kneeling at prayer when 
cough and delirium struck. For three weeks she lay on her left 
side. When she was able to sit up, her body had taken the form of

T R E A T I S E

D IST O R T IO N S  A N D  D E F O R M IT IE S

H U M A N  B O D Y .

BXHIBITING A CONCISE VIEW OF THE NATURE AND TREATMENT 0 

THE PRINCIPAL

MALFORMATION'S AND DISTORTIONS

T H E  C H E S T , S P I N E , A N D  L IM B S .

BY LIONEL J. BEALE,
MEMBER OF TRB ROYAL COLLEGE OF SURGEONS.

SECOND EDITION.

LO N D O N :

JOHN CH U R C H ILL, PR IN C ES S T R E E T , SOHO, 
4&tUicaI Doofesdhr ant) (3ublis{)er.

1833.

Title page of Beale’s book, 1833.

Lionel J. Beale used this as the frontispiece for his book on deformity in 1833.
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a Z. The right shoulder was higher than the left, the backbone 
had a zigzag form , a n d  the left shoulder was hollow.

The local executioner was summoned to treat this. He advised 
daily massage with the saliva of a girl who had not eaten breakfast. 
He made a brace and checked it every other day for three years. 
Then she was straight.

Catherine became one of the great leaders of Europe and was 
generally believed to be a nymphomaniac. However, she had a 
great fear of venereal disease and had her Scottish doctor, Dr. 
Rogerson, examine her lovers first. He did well, because she lived 
to the age of 66 years.

What was this mysterious disease that was so successfully 
treated? Perhaps it was a chest infection; old books on scoliosis 
show deformities due to pleurisy and empyema. Although this may 
have been a common cause of scoliosis in the past, it is rare today.

Quasimodo. The Hunchback of Notre Dame was driven deaf 
by the church bells; he was a foundling with one eye and knock- 
knee who roared around the cathedral. What is the diagnosis here? 
Proteus syndrome.

Alexander Pope (1688—1744). This leading English poet was 
a lifelong cripple, standing only 4'6" tall, with a hunchback. It was 
difficult for him to stand up without a corset. His legs were so thin 
that he wore 3 pairs of stockings. I imagine that he had a congenital 
scoliosis.

He wrote these well-known lines:

That long disease my life 
♦

To err is human, to forgive divine.

♦

Hope springs eternal in the human breast.

L ’O R T H O M O R P H IE  ,

A L'ESPtiCE HUMAINE: 

I tE C U E K C H E S

ANATOMICO - PATHOLOGIQOES

Sot I os causes, les mojens de prdreuir, ceni de gudrir les priacipales 
difformit&s et sur les stfrilables fonilemcns de l’art appeU :

ORTHOPEDIQUE.

PAR J. DELPECH,
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Title page of Delpech’s book, 1828.

♦ Jacques-Mathieu Delpech (1777- 
1832)

A surgeon in Montpellier who pioneered 
tenotom y on 6 M ay 1816 , but then 
stopped because of problems with infec
tion. He founded an Orthopaedic Institute 
in 1825, where girls with idiopathic scoli
osis were treated by continuous correc
tion, using exercises, traction in bed at 
night, and suspension by day. In 1828 he 
wrote his classic book, De L'Orthomor- 
phie, with an atlas. He was murdered by 
a patient he had operated on for varico
cele.
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This is perhaps the earliest picture 
of scoliosis. Guilhelmus E Hildanus, 
1652.

♦  Robert Chessher of Hinckley 
(1750-1831)

The stepson of a surgeon, he never 
wrote a paper or a book and had no 
followers and is known only from 
references to his work by others. He 
lived in the nonoperative days of or
thopaedics; he invented the double 
inclined plane, a splint for leg frac
tures, and a sp inal brace bearing 
similarities to the Milwaukee brace. 
The idea was to take the weight of 
the head off the spine.

It was said of him, "H e  appears 
more anxious to do good than to 
make money." He was featured in 
George Eliot's novel M iddlemarch: 
" I  remember M r Cheshire and his 
irons, trying to make people straight 
when the Almighty had made them 
c ro o ked ."  In those V ictorian days 
some people regarded treatment as 
fighting God's W ill.

TIMELINE OF SCOLIOSIS
Pre-19th Century

300 b c  Hippocrates Lateral curves due to “the positions in which 
patients lie”

1575 Pare’s metal jacket for scoliosis 
1641 Ulhoorn in Holland—overhead traction in a chair 
1652 Claes and Peter Schot are running a scoliosis clinic in 

Utrecht.
1652 Hildanus—first picture of a scoliotic spine 
1666 Johannes Scultetus: pictures of straightening the spine on a 

scannum—Hippocrates’ Traction Table.
1671 Francis Glisson believes that rickets is the cause of scoliosis 

and devises swing suspension by head and armpits, “The 
English Swing.”

1719 Lorenz Heister, iron cross splint for scoliosis 
1742 Andry: “The shoulder that carries the burthen rises always 

higher than that which is not load ed He had pictures of 
poor sitting posture and advised carrying books on the high 
shoulder side.

1772 Antoine Portal, axillary crutches in a chair 
1778 Robert Chessher, scoliosis clinic in Hinckley, England 
1783 Timothy Sheldrake’s book, an essay on the various causes 

and effects of the distorted spine. He and his brother made 
braces for scoliosis patients.

1789 J. A. Venel has a traction bed for sleep.
1792 David van Gesscher—metal vertical brace w ith pressure on 

prominences 
1796 Erasmus Darwin, neck swing

The iron cross scoliosis brace. From 
Heister, 1719.
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♦  Jean Andre Venel (1740-1791)

Born in Switzerland, he studied in Ge
neva and started work as a surgeon in 
1763 in Orbe. He went on to study ob
stetrics in Paris and Strasburg and in 
1 770 went to work for a Polish count. In 
1775 he settled in Yverdon; the following 
year he wrote a book on health and med
icine for women about to get married. In 
1778 he wrote a book and started a 
school for midwives. He developed an 
interest in clubfeet and studied in Mont
pellier before returning to Orbe, where 
he bought an old abbey and started an 
orthopedic hospital in 1780 . it was 
staffed w ith  orthotists and teachers.

He kept plaster casts and drawings of the 
patients to document change. Venel had 
a mechanical turn of mind and built ma
chines for correction of deformity. He 
developed a day brace for scoliosis, and 
when it came off the child went into an 
orthopedic bed to relax with traction at 
night. The idea of an orthopedic bed 
became very popular, and his successors, 
such as Heine and Delpech, developed 
their own. H is clubfoot brace became 
famous though the design went with him 
to his grave. He achieved a lot in 51 
years and rivals Andry for the title "Fa
ther of Orthopaedics." He died of tuber
culosis.

The 19th Century
1821 Borella, screw plate compression of the hump
1827 Jalade-Lafond, oscillating bed
1827 Pravaz, Balangoire Orthopedique
1828 J. M. Delpech writes Orthomorphie. This is illustrated with 

many pictures of before and after plaster casts of scoliosis. 
He used traction and exercises and no braces. His results 
w ere dramatic.

1829 D ieffenbach catalogues the  various special beds and 
chairs—it takes 70 pages. It would seem that every parent 
concerned about their child’s posture was likely to be taken 
in by these gadgeteers.

1831 Stromeyer: “It is so easy and important to make the spine 
straight momentarily, while nothing is more difficult than 
to make the causes disappear which cause irregular nutri
tion of the bone.”

1835 J. Hossard, surgical mechanic in Paris. A three-point pressure 
brace w ith girdle used muscles to correct curve. He showed 
an excellent result. Guerin thought this was fraudulent and 
said so, provoking a legal action. Guerin paid out damages.

1839 J. Guerin uses traction and then subcutaneous tenotomy. 
The publication of his results led to criticism and a retalia
tory legal case which Guerin lost.

1840 Guerin: “Lateral curvature of the vertebral column is the 
clubfoot o f the back—that is, a contracture of the muscles 
of the spinel’

1858 S. H. V. Bouvier wrote a book on chronic disorders of 
the locomotor system, w ith beautiful engravings depicting 
scoliotic spines and the effect of spinal deformity on the 
lungs, heart, and abdomen. He used traction for treatment.

♦  Sauveur-Henri Victor Bouvier 1799- 
1877

Born and educated in Paris, he took over 
an orthopaedic institute started by a pa
tient, and joined the Children's Hospital 
in 1831. He published his lecture series 
on disorders of the locomotor system in

1858. It included an atlas illustrating the 
pathology, equ ipm ent, and resu lts of 
care. For scoliosis he used traction rather 
than braces. Almost blind, he died when 
he fell into the cold waters of the Tuile- 
ries Gardens.

♦ Jean Andre Venel (1740-1791)

LEC0NS CLINIQUES 

L E S M A LA D IES C H R 0 N IQ B E S

L’APPAREIL L0C0M0TEUR
PR0FESSEES A L’HOPITAL DES EYFAXTS SIALADES 

peoilaot les hdccs 1855, 1836, 1857;

M. LE DOCTEUR II. BOUVIER,

C P A R I S
J.-B. BAILLlfiRE e t  FILS,

L1BRAIRES DE l ’ACADEMIE IMPERIALS DE MEDECINE, 
nic Huutefeuillc, is.

Title page of Bouvier's book, 1858.

♦ Sauveur-Henri Victor Bouvier 
1799-1877



♦ Edward Harrison (1766-1838)

He founded an Institute for Diseases 
of C urvatu re  of the Sp ine in L in 
colnshire. He wrote a book about 
scoliosis, a tract on Sarah Hawkes, 
and gave his name to Harrison's sul
cus.

♦ James Knight (1810-1887)

Baltimore graduate and New York 
City surgeon from 1835. A "surgico- 
m echanic," he used his home as a 
hospital for the New York Society 
for the Relief of the Ruptured and 
Crippled. He refused to have an op
erating room because he did not be
lieve in operations or plaster— he 
used bandages and sp lin ts . O n ly  
after he died were these introduced. 
He was an autocrat. When one of 
his staff, Gibney, wrote a book on 
the hip in 1884 mentioning traction 
and operation, G ibney had to resign.

In 1868 Knight wrote The Im
provement o f the Health o f Children 
and Adults by  Natural Means and, 
with Gibney's help, Orthopaedia in 
1874.

Bouvier was well aware that crowding of the viscera was produced by scoliosis.

Bouvier illustrated many scoliotic spines.

Bouvier showed the deformity of the individual vertebrae. As w e struggle 
today to straighten the spine and restore symmetry to the chest, we should 
remember this picture.

148
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♦  Charles Fayette Taylor 
(1827-1899)

A Vermonter, he studied the Swedish ex
ercises and thought these were the an
swer. He wrote a book in 1861: Theory 
and Practice o f the M ovem ent Cure. He 
invented a back brace that he used on 
Theodore Roosevelt's sister. In 1867 he 
wrote on polio. A nonsurgeon. He re
signed when a N ew  York orthopedic

clin ic built by Teddy Roosevelt was turned 
into New York Orthopaedic Hospital.

Bauer had views on the patented 
Taylor brace. He said it should be freely 
a va ila b le . "D r . Taylor n eed  not have  
gone to the expense o f patenting this, 
because it is not likely to be em ployed  
by anyone else."

1861 Charles Fayette Taylor in the United States advocates exer
cises.

1864 Adams’ forward bend test
1865 Heather Bigg, an engineer, writes Orthopraxy; The Mechani

cal Treatment of Deformities, Debilities and Deficiencies of 
the Human Frame.

1877 Lewis Sayre’s book about serial plaster casts applied with 
the patient in vertical traction

1883 Wilhelm Schulthess opens a clinic in Zurich, using a ma
chine for measuring the 3-D deformity.

♦  Lewis Albert Sayre (1820-1900)

Born in New Jersey and worked in 
New York City. First American pro
fessor at Bellevue. Lister visited him 
and w as im pressed. He w rote a 
book on spinal disease and spinal 
curvatu re in 18 77 , describ ing his 
m ethods of suspension and 
casting— a forerunner of the Boston 
brace treatm ent of sco lio s is . A lso 
known for bone lengthening, tenoto
mies, immediate closure of myelo- 
mengocele, an inflatable tourniquet, 
and a book on clubfoot; he main
tained fractures as a part of ortho
paedics.

He was President of the Ameri
can M ed ica l A ssoc iation  in 1880 
and a founder of the Journal o f the 
American M edica l Association. He 
initiated several public health mea
sures in New York. A strong, high- 
profile person.

♦ Newton Melman Shaffer (1846- 
1928)

A New Yorker and a nonsur
geon— he referred cases that needed 
an operation to the general su r
geons. He was second President of 
American Orthopaedic Association 
and active  in the N ew York C ity  
scene. He wrote a book on the Hys
terical Element in Orthopaedics in 
1880.

Box continued on following page

♦ Charles Fayette Taylor 
(1827-1899)

♦  Louis Bauer (1814-1898)

Born in Stettin, he studied with Stro- 
myer and was jailed for his political 
views. He was a refugee with Little 
in London and translated Bishop's 
book on deformities into German. 
He w ent to the United States in
1853, aged 39, and founded the O r
thopaedic Institution of Brooklyn in
1854. He wrote the second textbook 
of orthopaedics in the United States 
in 1864. He was a member of the 
rest school: immobilization must be 
absolute and unconditional. He was 
critical of his colleagues and left un
der duress for St. Louis in 1869. His 
writing was polemic.

He wrote one of the first Ameri
can textbooks in 1868. The review! 
"The term Orthopaedia applied to 
surgery— litera lly  the rectify ing  by  
education— is defined to be the pre
vention and treatment o f deformi
ties. O nce but little known, it has 
now  grown into a great specialty.

"W e regret that the author can
not avoid the besetting sins o f the 
class he espouses— that o f criticizing  
all brother specialists. We can also 
readily pardon the errors in style and 
finish on account o f  the foreign ori
gin o f the writer; but we do think he 
. . . uses too  m any long w o rd s— 
Spondylitis, Kyphosis. . . . "
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♦ John Ridlon (1852-1936)

A N ew Yorker w ho visited  Hugh 
Owen Thomas in 1 888. On his re
turn he made a Thomas splint and 
put it on a patient at St. Luke's Hos
pital. Shaffer ordered it off and Rid
lon lost his job. Thomas wrote a v i
tuperative book in Ridlon's defense, 
An Argument with the Censor o f St. 
Luke's Hospital, and sent a copy to 
every orthopaed ic surgeon in the 
world. Ridlon moved to Chicago but 
fell on hard times. In response to a 
letter, Robert Jones sent him a thou
sand dollars to keep him going. Later 
R id lon becam e President of the 
American Orthopaedic Association.

♦ Pehr Henrik Ling (1776-1839)

A Sw edish fencing  teacher who 
started the application of exercises 
to medicine.

♦ Jonas Zander (1835-1920)

Stockholm . He invented powered 
machines to exercise patients pas
s ive ly  or using resisted exe rc ises. 
They w ere popular during W orld 
War I.

♦ Virgil Gibney (1847-1927)

Kentucky-born. Worked at Bellevue 
in New York City. He worked with 
the nonsurgeon Knight at the Rup
tured and C ripp led  H osp ita l, re
signed, and then after Knight died 
he was reappointed and turned it 
into a real hospital. However, an
other 50 years elapsed before it be
came the Hospital for Special Sur
gery. G ibney was the first President 
of the American Orthopaedic Asso
ciation.

He wrote 176 papers. He was a 
surgeon at a time when many or
thopaedists were not. Just suppose 
that the antisurgeon w ing  had 
won— where would we all be now?

1889 Volkmann operates on the rib prominence, improving ap
pearance, and he allowed some correction of the deformity 
by traction.

1890 Alfred Schanz: traction, manipulation under anesthesia, and 
serial plaster casts

1891 Hadra rods
1893 Bradford and Brackett in Boston use recumbent traction, 

local pressure, and a plaster jacket. Many others do this and 
add derotation forces.

1897 Calot in France—forcible correction under anesthesia

The 20th Century
1900 Robert Lovett starts writing on lateral curvature.
1910 Lange rods
1911 Russell Hibbs fuses the spine for tuberculosis and suggests 

it for scoliosis. He does an in situ fusion in 1914 and later 
corrects the curve with a cast and then fuses; he reports 
increasing series in 1917, 1924, and 1931 He advocates a 
long fusion undertaken before the deformity becomes se
vere.

1924 Lovett and Brewster—turnbuckle cast

T horaco lum bar scoliosis. Many of 
th e  old books p ic tu red  skeletons. 
There were no X-rays to depict the 
condition , and p eo p le  d ied  young 
and poor. From Bernard Brodhurst: 
The Deformities of the Human Body. 
London, 1871.

Explaining the rotation that accompanies a lateral curve. Judson’s experiment 
illustrated in Young JK: Orthopaedic Surgery. Philadelphia, 1894.
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♦ De Forest Willard (1846-1910)

Like Little, he had a polio foot defor
mity that was treated by tenotomy. 
He became a pediatric surgeon and 
wrote a book in 1910. He is known 
for costotransversectomy and nerve 
grafting.

1929 Arthur Steindler in Iowa—nonoperative methods of increas
ing the compensatory curves to achieve “shoulders square 
over the pelvis, pelvis square over the ankles”

1931 Risser: hinged correction cast w ith turnbuckles 
1936 Fergusson m ethod of measuring the curve 
1948 Cobb angle described
1954 Paul Harrington in Houston, Texas, is awarded a grant to 

develop his rods and starts the intraoperative correction of 
deformity in polio curves and then in idiopathic scoliosis. 
After he published a paper in 1962, the method quickly 
spread to other centers.

1954 Bount and Schmidt introduce the Milwaukee brace 
1958 Risser sign
1966 John Moe—first President of the Scoliosis Research Society 
1969 Allan Dwyer in Australia—anterior instrumentation 
1970s Boston brace
1984 Cotrel Dubousset derotation system

A N  IN Q U I R Y

THE NATURE AND CAUSES

L A T E R A L  D E F O R M I T Y  

S P I N E ;
IN REFERENCE, MORE ESPECIALLY. TO THE PERNICIOUS EFFECTS OF 

CERTAIN MORAL ANU PHYSICAL INFLUENCES, RESULTING 
FROM TUB MODERN SYSTEM OF

FEMALE EDUCATION:

PRACTICAL HINTS FOR THE PREVENTION AND CURE 
OF THIS AFFECTION.

EDWARD W . DUFFIN, m. d.

SECOND EDITION,

L O N D O N :

LONGMAN, REES, OKMK, UKOWN, GREEN, AND LONGMAN,

1835. Title page of Duffin’s book, 1835.

♦ Rudolf Klapp (1873-1949)

He studied in Wurzburg and worked 
in Berlin. Like many before him, he 
invented sco lio s is  exe rc ise s— the 
crawling method— and I am sure this 
delighted many parents.
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♦  Robert Lovett (1859-1924)

He w as a H arvard  graduate who 
studied orthopedics with the New 
York group. He worked both in Bos
ton and New York. He wrote a text
book with E. H. Bradford in 1890, 
which taught a generation, and then 
collaborated with Robert Jones on a 
new version that was published in 
the year of his death. He organized 
crippled children services and made 
a special study of the biomechanics 
of scoliosis.

Pathology

People used to die young, so that opportunities to study the 
skeleton in scoliosis were greater then than now. Bouvier’s engrav
ings of the bones are among the best, but there were many others. 
The rotation that accompanies lateral curvature was appreciated 
and demonstrated in models. The extension deformity was not 
noticed until Edgar Sommerville in Oxford made a point in recent 
times.

The etiology of most curvatures is still unsolved. It has been 
attributed to poor posture causing a fixed deformity since the 
beginning of time. Rickets and subclinical polio have been blamed. 
Apart from the cucumber experiments you will read about, experi
mental studies on animals are recent. Lovett did some gross studies 
on a cadaver at the beginning of the century.

The shape of the back was recorded with plaster casts and 
the benefits of treatment in the early 19th century were based on 
the very dramatic improvements obtained. Though it is hard for us

The faulty posture theme. All Boston school desks were redesigned as a 
result of acceptance of this theory. From Bradford and Lovett, 1899.



Chapter 6  ♦ Deformity of the Spine 153

today to believe that traction can produce longlasting results, there 
is no doubt that recording the shape is a better outcome measure 
than recording the Cobb angle.

Detection

A dam s’ Forward Bend Test, 1864

“The stooping position is diagnostic o f  lateral curvature in 
the early stages. When rotation o f  the bodies o f  the vertebrae has 
taken place, in however slight a degree, the p a tien t cannot stoop 
in a direct line, a nd  a t the sam e tim e preserve the symm etrical 
fo rm  o f  the back. I f  rotation o f  the bodies o f  the vertebrae has 
occurred, the p a tien t will always stoop in the oblique direction, 
an d  the angles o f  the ribs will be observed to project posteriorly, 
an d  give a general prominence, or a fu lness on the corresponding 
side: whilst on the opposite side a fla tten ing—in slight cases not 
am ounting to a depression—w ill be observed.

“The spine will also bend or curve forwards, w ith less regu
larity through the region affected, so that it appears less flexible  
at this part, a nd  rem ains straighter!’

Paget, 1891

“A m ong the fears o f  disease fo r  which one is consulted none  
is more freq u en t than that o f  lateral curvature o f  the spine. These 
fears are felt, especially, by mothers am ong the richer classes; and  
usually the fea r  is only fo r  their daughters’ spines. It is thought 
essential to the welfare o f  a young  lady that her spine should be 
straight.. . .”

He describes the forward bend test.

♦ William Adams (1820-1900)

Apprenticed to his father, a general sur
geon, he studied at St. Thomas' Hospital 
in London. W hile waiting for a surgical 
appointment, he was curator of pathol
ogy at St. Thomas'. Adams went on staff 
at the O rthopaed ic Hospita l (1851 to 
1872) and was a protege of Little. He 
did some research on tendon healing in 
rabbits and looked at patients who died 
after tenotomy. Because he started work 
in the era before aseptic surgery, he was 
a proponent of subcutaneous sur
gery—tendon, bone, and fascia.

Among the rules of the hospital, one 
stated, "No serious or new operation is 
to be carried out without a consultation 
having been previously  held w ith  the 
whole of the medical staff.'' Adams was 
reported for breaking this rule. In the 
end, he was forced to resign and subse

quently the British M edical lournal ad
vised surgeons not to apply for his job 
because of poor labor re lations. He 
worked at other places. He was known 
for orig inal w ork  on c lubfoot, w riting 
that much of the deformity was in the 
talus in his book Clubfoot: Its Causes, 
Pathology and Treatment. In 1866, this 
book won a prize at the Royal College 
of Surgeons. Other book topics included 
subcutaneous fasciotomy for Dupuytrens 
in 1879, the principles and practice of 
subcutaneous surgery in 1 857, and scoli
osis in 1864. Subcutaneous osteotomy of 
the neck of the femur to correct defor
mity was introduced in 1871. In 1876 
he visited the United States with Lister to 
watch Sayre and was made a fellow of 
the American Orthopaedic Association 
in 1898. He should not be confused with 
Robert Adams.

LECTURES

P A T H O L O G Y  AND T R E A T M E N T  

LATERAL AND OTHER FORMS

C U R V A T U R E  OF T H E  S PI NE .

WILLIAM ADAMS, F.R.C.S.

Illustrated by Five Lithograph Plates and Seventy-two Wood Engravings.

SECOND EDITION.

LONDON:
J. & A. CHURCHILL, NEW BURLIKGTON STREET.

1682.

Title page of Adams’ book on curva
ture of the spine, 1882. In this book 
he describes the forward bend test.

♦ William Adams (1820-1900)
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♦ Wilhelm Schulthess 
(1855-1917)

Son of a farmer, he was graduated 
in medicine in 1880 at Zurich and 
specialized in pediatrics and internal 
medicine. He opened the first ortho
paedic clin ic in Zurich with a sur
geon from the University Hospital, 
A . Lunning. It is still in operation 
today, with the multidisciplinary ap
proach much alive. Scoliosis was a 
major focus, and Schulthess had to 
be able to chart the progress of spi
nal deform ity. In 1885 he co n 
structed a measuring machine, and 
this led to many presentations until 
X-rays took over as the measure of 
severity at the turn of the 20th cen
tury.

He invented stereotactic ma
chines to produce calibrated correc
tions and a machine to measure ro
tation . In 1906 he w rote a th ick  
book on spinal deformities, which 
was the standard work in the Ger
man-speaking world for many years. 
His other interests were muscle bal
ance and principles of tendon trans
fers. He was active in the social inte
gration of handicapped ch ild ren  
into society.

M easurem ent

How was scoliosis measured before X-rays?
Delpech made plaster molds of the patients, much as we still 

do for the fabrication of a spinal brace.
Schulthess modified the tools that a sculptor uses to transfer a 

design in clay to a block of marble. He made a three-dimensional 
representation on paper of the deformity from all directions. We 
lost something when the two-dimensional thinking engendered by 
X-ray dominated thought.

Moire photography and laser systems show the shape of the 
trunk with greater ease than does the Schulthess system. Today all 
kinds of computed surface topography methods are possible.

The early X-ray machines did not produce clear spinal images. 
It was not until the 1920s that long X-ray images were taken that 
allowed measurement. Lippman described the Cobb method in 
1935, and it was used for the multicenter end result study done in 
1941. Cobb popularized it in an instructional course in 1948. 
Perhaps the lesson to you, dear Reader, is that you should never 
miss the opportunity to give an instructional course at the Acad
emy. The Ferguson method dates to the early 1920s. He was a 
radiologist at New York Orthopaedic Hospital.

Today computed tomography and 3-D computer-generated im
ages are giving us a clearer idea of the deformity and its correction.

Risser believed that the iliac apophysis develops at the same 
time as the vertebral growth plates. He decided that vertebral 
growth could be judged by observation of the development of the 
iliac apophysis.

Delpech recorded scoliosis by making plaster casts of his patients. These before 
and after pictures would be hard to beat today. Both patients were treated with 
traction and casts for long periods, and both kept the correction for at least a year.
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(A) Recording scoliosis, 1885. Schulthess used a ma
chine modeled on one used by sculptors to carve mar
ble from a clay original, (Joachimthal). (B) This is Schul
thess’ 1885 version of a scoliometer.

♦ John Cobb

R ecording defo rm ity  in scoliosis. 
From Louis Bauer, 1868.

T he c o n c e p t o f CAD-CAM is no t 
new. From Joachimsthal.
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“In the anteroposterior roentgenographic view o f  the pelvis, 
the iliac apophysis appears laterally a nd  anteriorly on the crest 
o f  the ilium  as an  ossification center. This is term ed capping. 
With continued growth it develops posteriorly in its excursion o f  
ossification across the iliac crest to dip down to contact the ilium  
medially a t its ju nc tion  near the sacrum. This is considered to be 
attached or completed. When this completed ossification occurs, 
vertebral growth can be considered to be complete. Closure o f  the 
line between the apophysis a nd  the ilium  has no vertebral growth 
significance. Two or three years m ay be required fo r  its closure.

“The average tim e fo r  completion o f  the iliac apophysis to its 
m edial a nd  posterior a ttachm ent is about 1 year. The shortest 
tim e was 7 months; the longest, 3 years.

“The average chronological age when the iliac apophysis is 
completed is 14 years in girls a n d  16 years in boys.

“In  the occasional use o f  the localizer cast w ithout surgery 
to prevent an  increase in the lateral curve, it is im portant to 
know  when the cast can be safely discarded. The attachm ent o f  
the iliac apophysis is used as a criterion. I f  the growth center has 
completed its excursion o f  ossification, then it is safe to conclude 
tha t cast trea tm en t. . .  can be stopped. B u t i f  the cast is removed 
before the iliac apophysis has attached, then we m ay expect a 
return o f  the deform ity a nd  an  increase in proportion to the 
anticipated spinal growth.”

This paper is a fine example of the effect of ill-chosen words. 
Risser uses the word “attached” to describe complete medial exten
sion of the apophysis—now known as Risser 4. Most people under
stand “attached” to mean that the apophysis has fused to the iliac 
crest—Risser 5—and feel guilty if the brace is removed before this. 
Not what Risser meant!

More and more studies suggest that the Risser sign is well 
suited to a historical book—it is so misleading that it should be 
given up. But even though we know it is discredited, most people 
cannot resist looking for it. Strange!

P r o g n o s is

“D uring this (adolescent) growth period, the average yearly 
increase in curvature was 5-9 degrees in males a nd  8.2 degrees 
in  females.

“Increase in curvature ceases when vertebral growth stops.” 
Risser and Fergusson, 1936

Treatm ent

W hy C o r r e c t D e fo rm ity ?

“Deformity is a chronic source o f  discontent and  unhappi
ness, an d  too com m only it gives occasion to petty  insult, annoy
ance, a n d  neglect. To relieve deform ity is to prom ote the welfare

R isser Sign, 1958
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o f  a com m unity to a very appreciable an d  no t un im portant 
extent. I  have little hesitation in saying, so great is the remedial 
pow er which science now has a t its command, that the tim e will 
come when deformity will be a rare evil am ong civilised nations.’’ 
HH Bigg, Orthopraxy, London, 1865

M e th o d s  o f  T re a tm e n t

You may think it extraordinary that so many useless methods 
of treatment have been thrown at scoliosis. One reason may be 
that about 40% of scoliosis stops progressing before growth ends 
and the rest certainly slows or stops w ith  the com pletion of 
growth. Any kind of treatment to halt progression will seem effec
tive if it is offered to this 40% during growth, or to 100% after 
growth ends.

Until 150 years ago, surgical treatment was impossible. We 
can hope that in a few years’ time, folks will be laughing at our 
pride in exchanging a crooked spine for an ankylosed one—trading 
one problem for another.

Look at the various approaches that have been tried:

1. Short acute stretches
First there was the strong pull of Hippocrates on his proto
type of a traction table; then there was the idea of Vidus 
Vidius in the 16th century. He tied the patient upside down 
to a ladder by the ankles and then dropped the ladder to 
give the patient a jerk. It sounds like the kind of thing that 
could only be done once.

2. Special apparatus to exert a prolonged pull and push 
Scoliosis straightens with traction and with the application 
of three-point pressure. This is easily done with the hands. 
All kinds of equipment was invented to work on the same 
principles. Despite so much ingenuity, putting the spine 
back in place has not proved to be of any value. When the 
pressure is released the scoliosis is back to where it was. 
This approach is useless. Vertical suspension was used by

Pravaz trac tio n  in 1827. We still use halo  fem oral trac tio n  
occasionally—where is the progress since then?
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The orthopaedic balancing machine 
to exercise scoliosis away. From Pra
vaz, 1827.

Traction plus lateral pull for scoliosis. From Delpech, 1828.

Deventer in 1739, by Levacher in 1772, by Darwin, and in 
1796 by Snow. Horizontal traction in special beds was used 
at night in conjunction with braces by day in 19th century 
Europe. For horrible curves, halo-femoral traction still has 
a small place as a prelude to instrumentation.

3. Exercises
The notion that the spine curves because the muscles are 
weak is pervasive. After all, each of us can stand a little 
straighter if we try. By strengthening the muscles, the 
condition should improve. If only diseases responded to 
common sense treatment, we would have solved disease 
years ago. Despite the large and lucrative orthopaedic gym
nasiums of the 19th century in France and Germany, which 
were filled with as much equipment as a modern-day health 
club, this was another useless approach. Yet even today, 
no parent can leave a scoliosis clinic w ithout wanting 
exercises.

Plan o f  the apparatus used at the Sucre Cocur. 
F ig . CO.

Spring traction for scoliosis. Paris, 1825. From John Bishop: Deformi
ties of the Human Body. London, 1852.
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The exercise room for scoliosis in 1837. This represents a considerable financial 
outlay and suggests that the exercise cure was as popular in the past as fitness is 
now. From Jules Guerin.

Elastics to correct scoliosis. (Barwell in Joachimsthal.)

INFIRMARY FOR THE CURE OF 
DISTORTIONS OF THE SPINE AND LIMBS

ANONYM OUS, 1841

“I  have been m uch gratified by a visit to the Orthopedic 
Infirm ary in this city, under the care o f  Dr. Brown.

“The remedies form erly applied to the cure o f  spinal distor
tions, have generally been such as, whether successful or other
wise, have produced a vast a m o u n t o f  suffering to the patient. 
Thus, some have been required to pass m onths a n d  years, lying, 
alm ost in one position. Others have been subjected to instrum ents 
o f  torture, no t unlike those form erly applied to criminals. Racks 
have been used w ith great m echanical pow er to extend the spine 
forcibly, a nd  violent pressure applied to reduce the vertebrae to 
their proper places. The body has been encased in  steel collars 
a nd  corsets, to force it into the straight shape, a nd  m any other 
equally violent methods m ade use of.

“By the progress o f  scientific improvement, these violent ap
plications have been superseded, a nd  more moderate a nd  gentle

Bradford’s self-correction apparatus 
for scoliosis. From J. K. Young: Or
th o p aed ic  Surgery. Philadelphia, 
1894.

Dr. Beely’s machine to improve pos
ture. From Joachimsthal.
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♦ Jules Guerin (1801-1886)

Poor sitting posture is blamed for 
scoliosis by mothers. Poor and rec
ommended posture. Edward Duffin: 
1835

♦  Jules Guerin (1801-1886)

He was a contentious original thinker 
and one of the first to operate for scolio
sis. He was born in French-occupied Bel
gium and was a graduate in medicine 
from Paris. In 1828 he became editor 
of the oldest medical journal in France. 
Interested in deformities, he founded an 
excellent Orthopaedic Institute just out
side Paris in 1834. He and Bouvier won 
a prize for an essay on orthopaedics in 
1837. In 1839 the hospital council for 
Paris started an orthopaedic service at 
the Children's Hospital and appointed 
Guerin chief. After Delpech introduced 
tenotomy in 1818, Guerin became an 
enthusiast for the method and applied it 
to scoliosis. Some thought he carried this 
to excess. A debate on this controversial 
technique took place at the Academy of 
Medicine in 1842. Malgaigne carried a 
report of the debate between Bouvier 
and Guerin in the first issue of a surgical 
journa l he founded. Tempers flared. 
Guerin published results in his journal; 
he reported on 740 patients with various 
defo rm ities treated by tenotom y: 358 
were completely cured, 287 were bene

fited, 77 w ere not benefited, and 18 
died. Malgaigne wrote an editorial on 
orthopaedic illusions, and Guerin took 
him to court for defamation and dam
ages. Malgaigne argued that freedom to 
discuss scientific matters and results is a 
basic right. Repudiation of false claims 
and valueless treatment is essential for 
the health of the public. Charges against 
Malgaigne were dismissed. Myotomy fell 
into disrepute, and Guerin lost some of 
his appointments.

Guerin was also involved in other 
cases. Hossard, a Parisian brace maker, 
patented a spinal orthotic and was asked 
to dem onstrate this to the Institut de 
F rance ; G uerin  and Bouvier were ap
pointed assessors. They were shown a 
very deformed patient who was seen not 
long afterward with a straight back. Gue
rin thought that it was not the same pa
tient. Hossard sued Guerin and won.

In 1848 he was the subject of an
other commission of enquiry by the Fac
ulty of Paris, which tried to decide the 
line of demarcation between orthopae
dics and general surgery.

m eans adopted, suited to the nature o f  each particular case. Most 
distortions arise fro m  a weakness o f  some o f  the muscles in
tended to support the spine. Muscles acquire size a nd  strength by 
use; a n d  become enfeebled, dim inished in size, a nd  waste away, 
by disuse.

“A n essential p a r t o f  every p lan  o f  cure m ust be to contrive 
som e mode o f  giving a moderate a nd  regular exercise to the 
enfeebled muscles. The wearing o f  any m achine that supports 
those parts which need support, relieves these enfeebled muscles 
fro m  their du ty still more, a nd  they consequently continue to 
grow  weaker, a nd  the disease is fu r th er  than ever fro m  a cure."

4. Corrective Posture
Posture is how we stand and sit w hen we are not thinking 
about it—something under the control of involuntary re
flexes. For a long time it was believed that various stimuli,
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such as school bags, provoke a scoliotic postural reflex. 
Doctors falsely believed that avoiding these provocative 
stimuli would prevent or cure scoliosis. Even today most 
mothers of scoliotic daughters ask about school bags.
At one time all Boston schoolchildren used desks designed 
by an orthopaedic surgeon with the aim of preventing 
scoliosis.

5. Braces
Scoliosis braces are one of the few forms of medical treat
ment that have remained relatively unchanged for more 
than 500 years, starting w ith Pare’s brace modeled on 
armor. Bracing has survived comparisons with medieval 
instruments of torture, suggestions that it is ineffective, and 
the loathing of everyone who wears one. If there is any
thing constant in orthopaedic life, it is that someone some
where is adding a new wrinkle to a scoliosis brace. 
Scoliosis was regarded initially by doctors as “a disease not 
to treat,” to use the words of the doctor to the Pharoahs, 
because treatment is ineffective. For centuries doctors left 
scoliosis entirely to the bracemakers. Only in the past 
150 years have doctors taken charge and tried to tell the 
bracemakers what to do.
Casts applied in combination with traction have enjoyed 
popularity. This began as a spin-off from the treatment of 
the tuberculous spine by Sayre. We still use an Abbott 
frame to apply casts for juvenile scoliosis.

Bracing in the 17th Century. The Schott brothers ran a 
spinal deformities clinic in Utrecht with 2000 international patients 
attending at one time in the middle of the 17th century. A diary 
has been preserved about Mun Verney, who developed a scoliosis 
between the ages of 11 and 16 years, w hen he went for treatment. 
The diary for January 1652 records:

“I  would never have thought he could have been so crooked 
i f  I  had  no t seen it. The backbone is quite aw ry a nd  his right 
shoulder is h a lf a  handfu l lower a t least than his left. Herr Schott 
has undertaken the cure, i f  yo u r son will stay here three quarters 
o f  a year: a nd  already he is about to m ake harnessing fo r  him  
fo r  which yo u r  son is very willing to undergo.

“I f  he cannot cure, he takes nothing, accounts his labour 
lost, and  i f  he do cure, then he takes so reasonable tha t they who 
receive benefit by h im  are willing oftentim es to give more than 
he is willing to take . . .

“He hath been in harness two weeks, so finely  fitted  fo r  his 
crookedness. I t is perfect massive iron all along (excepting some 
holes here a n d  there) back a nd  breast, lined w ith quilted fu stiane  
and  all so l ight . . .

“Then he fe lt his harness som ew hat loose upon him, where
upon we w ent the second tim e to let h im  see; he straighted it, by 
p in n in g  som e iron buttons closer, a nd  drawing some strings . . .

“Mr. V wears his harness under his doublet very patiently.
“July 1653 M u n ’s harness is very irksome, especially in hot 

weather. [The iron front and back shell were fastened by Herr

Scoliosis b race , 1564. Metal w ith  
leather padding. From Pare.

♦ E. G. Abbott (1870-1938)

O rthopaedic surgeon in Portland, 
M aine , w ho used lateral pressure 
pads to co rrect sco lio s is— either 
with a hammock or using a hori
zontal frame.
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Schott over a shirt and could not be removed by the patient. Mun 
went every week to have the harness removed so that he could 
put on a clean shirt underneath.]

“Jan 1654 Herr Schott’s bill is a heavy one—he is a t great 
charges in m ain ta in ing  16 or 17 servants daily a n d  3  sons that 
do nothing but work in  iron a nd  steel an d  brace a nd  unbrace 
crooked limbs. He has done a notable cure on Mr. Verney.

“March 1654 M un manages to dance in his armor.
“Feb 1657 Herr Schott cam e to London a n d  provided new  

apparatus a t a cost o f  30 pounds sterling.”
[1688 Mun died at the age of 51 years.]

Heather Bigg, Designer of Spinal Braces, 1905

“I  purchased crooked saplings, a nd  when they were estab
lished in the soil tried various methods o f  straightening them  . . .  
I  subjected them  to treatm ent . . .  A tolerably crooked sapling 
could readily be straightened during one season.”

He also did experiments on cucumbers.
Much ingenuity has gone into bracing from the days when 

manufacturers of armor solved the problem of peacetime employ
ment by making scoliosis braces, such as Pare’s quilted iron corset 
in 1582. In the years that followed, every kind of pad and strut, 
buckle and spring, turnscrew and belt has been tried—some not 
all that different from those in use today.

6. Surgery—myotomy
Before anesthesia, deformities were treated by subcutane
ous tenotomy. Tenotomy/myotomy was used for severe 
scoliosis because the paraspinal muscles stand out like 
cords. It is interesting that myotomy for scoliosis was one 
of the first reasons for doctors criticizing each other in 
print and attacking each other in court.
Guerin, Malgaigne, and Velpeau were involved in legal 
cases in 1842 about myotomy. Guerin was a myotomy 
enthusiast. He published the results of treating 1349 pa
tients. In an editorial, Malgaigne called this an orthopaedic 
illusion. Malgaigne was sued for defamation but won the 
case, and the principle of free scientific criticism was ac
cepted.

“D ivision  o f  the M uscles o f  the Back. A delicate lady, who 
had the m isfortune to have a distorted spine, subm itted  to the

Top, tw o  cu cu m b ers  o f th e  curly 
kind grown into unrestrained curva
ture. Bottom, two cucum bers on the 
sam e p lan t p e rsu ad ed  into 
stra ig h tn ess  by g ro w th  in glass 
tubes. This is the cucum ber experi
ment. W hen a naturally curly cucum
ber is grown in a glass tube, it grows 
straight. Bigg developed the princi
ple of “Advenience” from this experi
ment: “The human body, when un- 
symmetrical, will gradually come to 
the shape o f an appliance.” From 
Heather Bigg: An Essay on the Gen
eral Principles of the Treatment of 
Spinal Curves. London, 1905.

MEMOIRE

SDR L ' E T I O L O G I E  G E N E R A T E

DES DEVIATIONS LATfiRALES

1)E L’EI'INE,

*AR RETRACTION JHJSCULAFRR ACTIVE;

LE DOCTEUR JULES GUERIN,

PARIS,

AU BUREAU RE LA G A Z E T T E  M ED ICA TE,

Guerin’s book on Scoliosis, 1840. He 
saw it as a problem of muscle con
tracture and carried out myotomies. 
He lost his job after adverse com
ment.
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♦ Russell A. Hibbs (1869-1933)

Bom in Kentucky, he was the last of 
10 children. After studying at Van
derbilt he went into general practice 
for a time before going to New York, 
training in orthopedics, and becom
ing the chief at what was to become 
the New York Orthopaedic Hospital.

At the left is shown the source of 
bone graft material and the method 
of obtaining it. At the right is illus
trated use of this bone graft material 
in the correction and control of most 
extreme cases of curvature. Tlte two 
vertebrae at the apex of the curva
ture are immobilized by bone keys 
joining the graft to the vertebrae. 
From Albee FH: Bone Graft Surgery 
in Disease, Injury and Deformity. D. 
A ppleton-C entury  Company. New

apparently severe operation one day last week, o f  having the 
muscles, a t certain po in ts on the broad surface o f  the back, 
severed in tw ain  w ith a knife, in order tha t the bones m ight be 
brought into their original condition. Dr. Brown, o f  this city, well 
know n o f late in this new  branch o f  surgery, was the operator. 
Although a m ost form idable m atter to think about, it is not very 
terrible in reality. The p a tien t never sighed nor moved, till the 
last thread to cut an d  the operator satisfied tha t he had overcome 
the cause o f  the distortion. A ny one in a sim ilar condition m ight 
probably be m ade straight very soon—a nd  it will no longer, 
therefore, be necessary fo r  so m any to rem ain cripples, when  
there is really, balm in Gilead. Dr. Brown, we believe, has the 
honor o f  being the first to divide the great muscles a n d  tendons 
o f the back, fo r  curvatures o f  the spine, in this country. We hope 

fo r  a more extended notice o f  this im portant matter, whenever 
Dr. Brown has leisure fo r  reporting the particidars o f  the case." 
Boston, 1841

7. Fusion
Fusion proved to be helpful for tuberculous spinal defor
mity and was tried for scoliosis. The deformity was cor
rected with plaster casts and then the spine was fused 
through a window in the cast. This was the standard treat
ment until the early 1960s. Scoliosis was seldom touched 
by general orthopaedists because these casts were difficult 
to apply and produced pressure sores that wrecked every
thing.
Albee used cortical grafts to strut the concavity, and Hibbs 
started joint excision plus cancellous graft, as early as 1911.

York: 1940.
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A REPORT OF 59 CASES OF SCOLIOSIS 
TREATED BY THE FUSION OPERATION

RUSSELL A. HIBBS, 1917

In the period of 1914 to 1919, inclusive, 59 patients with 
scoliosis were treated by the fusion operation at the New York 
Orthopaedic Dispensary and Hospital. These were mostly polio 
patients, and most were treated in head-pelvic traction preopera- 
tively to reduce deformity.

“A n incision is m ade through the skin  a nd  subcutaneous 
tissues, fro m  above downward, exposing the spinous processes o f  
the vertebrae to be fused. The periosteum  over the tips o f  these 
processes is split longitudinally, and, w ith a periosteal elevator, 
pushed  to either side, leaving them bare. The periosteum  and  
interspinous ligaments in turn are still farther split a nd  pushed  

forw ard  a short distance fro m  each spinous process, as two 
lateral halves, gauze packs being inserted to prevent oozing. 
The dissection is carried farther a nd  fa rther forw ard  upon each 
vertebra in turn, until the spinous processes, the posterior sur

faces o f  the laminae, a n d  the base o f  the transverse processes are 
based, thereby exposing the ligam entum  subflavum  attached to 
the margins o f  the lam inae a nd  the articulations o f  the lateral 
processes.

“The ligament is removed fro m  the lam inae w ith a curette, 
a nd  the articulation o f  the lateral processes is destroyed in order 
to establish bone contact a t this point. With a bone gouge, a 
substantial piece o f  bone is elevated fro m  the adjacent edges o f  
each lamina, o f  h a lf its thickness an d  o f  h a lf its ividth. The free  
end o f  the piece fro m  above is turned down to m ake contact w ith  
the lam ina below, an d  the free  end o f  the piece fro m  the lam ina  
below is turned up to m ake contact w ith the lam ina above. In  
transposing these pieces o f  bone fro m  the laminae, it is better to 
avoid severing their continuity.

“Each spinous process is then partially divided with bone 
forceps a nd  broken down, forcing the tip to come into contact 
with the bare bone o f  the vertebra below. The spinous process o f  
the last vertebra below should be turned up to bring about 
contact w ith the next above. As the spinous processes o f  the 
lum bar region are wide, it is sometimes practicable to split them, 
turning one h a lf up an d  the other h a lf down. Thus is established 
contact o f  abundant cancellous bone a t the articulations o f  the 
lateral processes, laminae, an d  spinous processes. The periosteum  
and  ligament, which together have been pushed  to either side 
and  lie practically as an unbroken sheet, are brought together in 
the middle w ith interrupted sutures o f  ten-day chromic catgut. 
The subcutaneous tissue is then closed with sutures o f  p la in  
catgut, the skin  w ound is closed with sutures o f  silk, and  dress
ings are applied.

“The dissection m ay be m ade in a practically dry field, w ith
ou t injury to the muscles, i f  it is subperiosteal a n d  i f  a free  use 
is m ade o f  gauze packs. Only in an operative w ound that is 
free fro m  hemorrhage can the operator see to exercise the care

T h e  P r o p  G r a e t

A lbee used  a bone-d istracting  rod 
and bone segmental graft to pull like 
a Luque w ire  in 1936. He even 
propped up the ribs. From Albee FH 
and Kuscher R: The Albee spine fu
sion operation in the treatm ent of 
sco lio s is . Surg G yneco l O b s te t, 
66:797-803, 1938. Reproduced with 
permission.
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necessary fo r  thorough work. N ot only the baring o f  the bones 
m ay be complete, bu t the periosteum  m ay be separated from  
them in a practically unbroken sheet a n d  w ithout disturbance o f  
its relation to the surrounding tissues a nd  blood supply. The 
greatest care should be exercised in  the dissection, as by its extent 
a nd  thoroughness the area o f  fu s io n  is measured. After the bones 
are bared, they m ay be treated as indicated above or in any  
m anner which establishes their contact a nd  stimulates bone fo r
mation. With the closure o f  the periosteum, practically a tube o f  
periosteum  is form ed, w ith its abundant blood supply undis
turbed, filled with healthy, living cancellous bone, lying in contin
uous contact. This situation is entirely consistent w ith the physio
logic laws o f  bone growth; it fu rn ishes a great stim ulus to their 
operation, a nd  insures a fu sio n  o f  the lateral processes, the lam i
nae a nd  the spinous processes.

“Usually no im m ediate postoperative support is applied, the 
p a tien t being placed in a bed w ithou t springs. A t the end o f  two 
weeks, when the w ound  is healed, the fin a l traction ja cke t is 
applied. The greatest a m o u n t o f  correction is, as a rule, obtained  
a t this time, because the deformed area o f  the spine is temporar
ily much more mobile fro m  the operative dissection. This jacket 
is worn fo r  another six weeks, the p a tien t being confined to bed, 
after which a removable jacke t is applied a nd  worn during the 
day fo r  the next six to twelve months. A t the end o f  this period  
all support is removed.

“The extent o f  fu s io n  in each case varies w ith the extent o f  
the curve, and, as a general statement, should extend fro m  the 
neutral vertebra above to the neutral vertebra below the apex. In  
the series o f  45 cases a cervicodorsal curve was present in 3, a 
dorsal curve in 17, a  dorsolum bar curve in 19, a nd  a dorsosa- 
cral, or total, curve in 6  cases. Six vertebrae were fu sed  in 3 
cases, seven vertebrae in 5  cases, eight vertebrae in  7 cases, nine  
vertebrae in 8  cases, ten vertebrae in 7 cases, eleven vertebrae in 
5  cases, twelve vertebrae in 6  cases, a nd  fourteen vertebrae in 2  
cases; fifteen a n d  sixteen vertebrae were fu sed  in  1 case each. In 
the last instance, the fu s io n  o f  the sixteen vertebrae was per

fo rm ed  in two operations.
“In  five  o f  the cases, secondary operations were done to 

extend the area o f  fusion. One p a tien t had  a pseudo-arthrosis a t 
one p o in t in the operative area a nd  had  to have a secondary 
operation.”

[Operative mortality was 2 in 59 patients.]
“Conclusions
“1. The study o f  these cases gives evidence tha t we have in 

fu s io n  a m eans o f  preventing the progress o f  deform ity o f  scolio
sis in cases in which it is caused by muscle imbalance.

“2. That the operation should be done before gross deformity 
has developed, it being easier to prevent than to correct deformity.

“3- That after fu s io n  the upright posture is m ain ta ined  with 
greater ease a nd  trunk m ovem ent exercised w ith less fatigue.”

The report is interesting in that there is no mention of the 
severity in term s of angles. The results are related to out
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come—walking, sitting, and posture in these polio patients. Al
though prevention of progression is claimed, there is no evidence 
for this.

8. Instrum entation
The systems of plates and screws used for fractures at the 
end of the 19th century were not readily applicable to the 
spine, and there was a gap of about 60 years before internal 
fixation was developed for the spine. Why was this—was 
it just a lack of imagination or was it that people had tried 
and failed? Or was it that the spine was sacrosanct?
Fritz Lange (1864-1952) was Professor of Orthopaedics in 
Munich. He lived at a time when there were two competing 
ideas in orthopaedics. On the one hand there was tissue 
transplantation achieving remarkable, but transient, suc
cess; it looked as if the future lay in replacing diseased 
tissue with healthy tissue. On the other hand there was 
plaster of Paris and prolonged immobilization. Lange struck 
out in a third direction, looking to “replace certain parts  
o f  living organs, which serve exclusively mechanical p u r 
poses, such as m ovem ent or support, by inorganic m ate
rial. We alivays have inorganic material a t hand  in  any  
quantity
In 1902 he tried to create “an  artificial spinal colum n o f  
steel” but had metal problems. He was working before the 
invention and use of stainless steel. He carried on with 
different designs and metals.

INSTRUMENTATION FOR TUBERCULOUS 
SPINAL DRFORMITY

FRITZ LANGE, 1910

“Incisions are m ade in the skin  fro m  3 to 4 cm long, corres
ponding  to the lower an d  upper ends o f  the rod, a nd  the fascia  
is opened on both sides, close to the spinous processes, w ith  
incisions 1 cm long. The steel rods are then inserted in an  
incision through the muscles as deep as possible a n d  close to the 
bone to the right a nd  the left o f  the spinal column. The attach
m ent to the spinal colum n is m ade w ith a double sling o f  Turner 
silk No. 12 above or below the spinal process. The incision in the 
skin  is then sewed up an d  drained a t the upper corner o f  the 
w ound fo r  forty-eight hours by a w ick o f  sublim ate gauze. A 
plaster-of-Paris jacke t is then applied. The jacke t is n o t removed 
until 6  weeks after operation.

“My first operation was two years ago. This p a tien t was in 
the acute stage a nd  had very m uch pain. I  operated because I  
thought that the exact fixa tio n  o f  the diseased spinal column  
would stop the pa ins and  heal the spondylitis quicker than would  
be possible in a simple plaster-of-Paris jacket. This supposition  
was fulfilled, the p a tien t no t having p a in  again after the opera
tion, though he has no t been careful a t all; fo r  instance, he 
worked w ith the anvil in his fa th er’s smithy. Now, the spinal

♦ John Moe in 1958

He compared different fusion tech
niques in un-instrumented patients 
and concluded, "A  meticulous fu
sion with w ide exposure, with all 
soft tissue rem oved from the poste
rior surfaces o f the spine, with de
cortication carefully and completely 
done, and with articular facets care
fully fused, is productive o f the best 
overall results."
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column has such an  excellent mobility in the healthy parts that 
the stiffness o f  the operated portion is no t apparent when the 
p a tien t is moving, the steel wires have been healed in w ithout 
any reaction fo r  two years. The num ber o f  m y operations on the 
spinal colum n is no t ye t large enough to judge finally, b u t I  
believe tha t this new operation offers the best chances o f  curing  
spondylitis w ithout long treatm ent in  plaster-of-Paris and  w ithout 
having great deformity.”

Hadra, Lange, and Meurig Williams had used internal fixation 
for short segments. But it was not until Harrington that a workable 
system was developed.

♦ Berthold Ernst Hadra (1842— 
1903)

♦  Alan Dwyer (1920-1975)

Not a scoliosis surgeon, Dwyer was 
an Australian surgeon who went to 
New Guinea to look after some of 
the orthopedic problem s in th is 
Third World country. Scoliosis was 
big and in the fifties there were no 
good answers. Anterior approaches 
to the spine had been pioneered in 
Hong Kong for tubercu lo sis by 
Hodgson and Stock. Dwyer built his 
system of instrumentation on this ap
proach.

TIMELINE FOR INSTRUMENTATION
1891 Hadra—spinous process wiring
1910 Lange rods. Metal rods were attached to the spinous processes 

to prevent tuberculous spinal deformity and promote healing. 
195? Meurig Williams plates bolted to the spinous processes to 

prevent fracture deformities 
1962 Harrington rods—posterior distraction hooks 
1969 Dwyer—anterior compression system 
1973 Luque—posterior segmental fixation 
1978 Zielke—anterior rigid instrumentation 
1984 Cotrel Dubousset posterior derotation system

TREATMENT OF SCOLIOSIS; CORRECTION 
AND INTERNAL FIXATION BY SPINE 

INSTRUMENTATION

PAUL HARRINGTON, (PRESENTED 1960 AND  
PRINTED 1962)

“The development o f  the treatm ent o f  scoliosis to be described 
began in 1947 w ith the study o f  the anatom y o f  the spine and  
the problem  o f  scoliosis as seen in approximately 3,000 patients  
w ith poliomyelitis. It was thought tha t a m etal device fo r  the 
correction o f  the scoliotic curve a nd  fo r  the m aintenance o f  the 
correction could be implanted, a nd  in the period  between 1949 
a n d  1954 such a device was used in nineteen patients. Thirty-five 
modifications in the device were m ade in this five  year period.”

Harrington gave the details in table form of every one of 129 
patients treated over 8 years. At first the spine was instrumented 
without fusion or immobilization, but he learned that both were 
necessary.

9. Immunization
Immunization against scoliosis! Must be a dream. Yet in the 
past, polio produced as much scoliosis as the idiopathic 
gene does today in the developed world. Polio causes 
scoliosis still in large parts of the world. In the Third World,
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communities would do more toward eradicating scoliosis 
by setting up an immunization program than a scoliosis ser
vice.

Results

In 1941 the American Orthopaedic Association put together 
an end result study based on 425 patients with idiopathic scoliosis 
treated at 16 orthopaedic centers across North America.

TREATMENT OF IDIOPATHIC SCOLIOSIS
AMERICAN ORTHOPAEDIC ASSOCIATION, 1941

“Excellent rating was reserved fo r  those in w hom  residual 
deformity was slight an d  roentgenograms revealed the curve to 
be o f  m inor degree. Good rating included those patients who had  
a moderate curvature, b u t were well balanced a n d  concealed the 
deformity satisfactorily. Results were rated fa ir  when the curva
ture was moderately severe an d  the pa tien t displayed obvious 
cosmetic defects, while a poor rating was given fo r  those with  
severe curvature a nd  m arked body asymmetry.

“O f 425 cases reviewed, 12, or 3 p er  cent, were rated excel
lent; 119, or 28  p er  cent, good; 191, or 45 p er  cent, fair; an d  103, 
or 24 per cent, poor.

“I f  the clinical appearance o f  the back a t end result is com
pared with w hat it was when the p a tien t was first seen, it will be 
noted that the best cosmetic results were obtained in the group  
treated by correction in the Risser jacke t a n d  spine fusion.

“Fifty p er  cent (214) o f  the patien ts reviewed had  fusions  
done either im m ediately or after conservative treatm ent had  
been abandoned in fa vo r  o f  surgery. Correction was by means o f  
the turnbuckle jacke t in 80 p er cent o f  those corrected a nd  fused. 
The average percentage o f  correction obtained was 65 a nd  the 
average percentage o f  correction a t end result was 2 7 . .. .  There 
was complete loss o f  correction in 29 p er  cent.

.. The incidence o f  pseudarthrosis fo r  the entire operative 
group am ounted  to 28  p er  cent.

“The results in 69 p er  cent o f  the cases a t end result were 
rated fa ir  or poor, a nd  31 p er  cent, good or excellent.

“Conclusions

“1. Practically none o f  the patients w ith scoliosis are cured, 
i f  correction o f  lateral deviation is a criterion.

“2. In approximately 60 p er  cent o f  those treated by exercises 
the deformity increased an d  in 40 per cent, it remained  
unchanged.

“3. Correction w ithou t fu s io n  resulted in complete loss o f  
correction after support was discontinued in the major- 
ity o f  instances.

“4. Correction by the turnbuckle jacke t a nd  subsequent f u 
sion has yielded better results in this series than have 
other types o f  treatment.”

E duardo Luque lo o k ed  a fte r p o o r 
children at the Shriner’s Hospital in 
Mexico City. Harrington instrumenta
tion was too expensive, and so he 
developed his system of segmental 
fixation on the priority of cheapness. 
The ability to get more correction 
and a stronger purchase so that there 
was no need for postoperative immo
bilization became evident later. Sagit
tal curve could be preserved. The 
risk of neurologic damage led to the 
principle of segmental fixation being 
app lied  th ro u g h  various hook sys
tems instead of the sublaminar wires.

♦  Paul Harrington (1911-1980)

He was not a spinal surgeon when 
he invented his rods. He returned 
from the war to Houston at a time 
when opportunities were scarce. He 
was given the least prestigious job 
a va ila b le — surgeon to the polio 
c lin ic . Scoliosis was a big problem 
and with his brace maker he made 
the hooks. His memoirs are at the 
University of Kansas.
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T in :

E X T R A O R D I N A R Y  C A S E

or

SARAH HAWKES;

ONE OF EXTREME DEFORMITY, CURED BY A METHOD 

FOUNDED UPON SIMPLE PRINCIPLES.

B Y  E D W A R D  H A R R IS O N , M . D .

F .R .A .S . E d.

PRINTED FOR THE BENEFIT OF THE PATIENT.

ftoutoon:
JOSEPH ROBINS, BRIDE COURT, FLEET STREET.

A 1832.

Mr. P u n c h —a h u n c h b ac k —gave 
his name to a satirical magazine that 
has lasted more than 100 years. A 
whole psychologic thesis could be 
based on changing attitudes to de
formities.

Title page (A) and illustrations (B and C) from Harrison’s book, The Extraordinary 
Case of Sarah Hawkes, 1832. Pillows and positioning were used to produce the 
cure. Probably hysteria on a grand scale.

This careful study, done about 50 years ago, shows in conclu
sion what would now be regarded as the natural history of scolio
sis. The study shows that our success in gaining correction today 
is not much better than it was—65% correction, but that internal 
fixation prevents us losing correction and securing fusion.

KypKosls

Stamford Raffles, founder of Singapore, had a kyphosis.

THE STOOP OR SEMICIRCULAR CURVE 
FORWARD

R. A. STAFFORD, 1832

“Nothing is more com m on than to see a weakly, over-grown 
boy, about fourteen  or fifteen years o f  age, stooping forwards, as 
i f  he would fa ll a t every step he takes. The poor lad is blamed, 
both by his parents an d  school master, a n d  is laughed a t by his 
companions, fo r  so careless a habit. The fact, however, is, tha t the 
muscles o f  his back are so w eak tha t they have not sufficient 
strength to support him. In spite, therefore, o f  all remonstrances, 
he still stoops, and, vexed a t constant reproofs, he seeks, by lolling 
in  all directions, to relieve himself, till a t length he falls into bad  
habits, and  the deformity becomes confirmed.”
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Exercise for round back, keeping the extensors active during hours o f piano 
practice. This would not make young ladies into enthusiastic piano players. From 
Edward Duffin, 1835.

KYPHOSIS DORSALIS JUVENILIS

H. SCHEUERMANN, 1921

“It is possible to distinguish a group o f  cases am ongst the 
curvatures o f  the spine which begin during puberty  tha t are 
morphologically different fro m  the rest a nd  have other features 
in com m on which com m and interest.

“The type to be discussed below is the dorsal kyphosis—a 
genuine sagittal curve due to a fixed  curvature o f  the vertebral 
colum n and  distinct fro m  a round back, an error o f  posture, 
which can be actively corrected in whole or in part."

Scheuermann describes a series of 105 such patients in whom 
the curvature was purely sagittal in 60 and accompanied by slight 
lateral deviation in 45. The peak incidence was at the age of 16, 
and 88% of the cases were males.

“A t first sight it seems that puberty, a period  o f  rapid growth  
culm inating a t about the age o f  16, m ust be an  im portant 
factor. The case histories o f  m ost o f  these patients reveal that the 
deformity o f  the back follow ed m anual work o f  some kind. The 
agricultural workers are in the absolute m ajority a nd  m ost o f  
them state that the curvature o f  the spine developed slowly over 
the course o f  six m onths or a year, often accompanied by pa in  
in the back which radiated to the sides, and  all the patients  
stated that the pa in  definitely disappeared on lying down.

“A n X-ray p icture in a recent case (i.e., during the first six  
months) o f  a typical dorsal kyphosis shows tha t the vertebrae

♦ Holger Werfel Scheuermann 
(1877-1960)

The son of a D an ish  doctor, 
Scheuermann trained in orthopae
dics and radiology. In 1935 he be
came chief radiologist at the Crip
ple's Hosp ita l and w as the best- 
known radiologist in Denmark. He 
described juvenile kyphosis in 1921 
and presented a thesis on this sub
ject to the university for his doctor
ate. They would not accept it. Fi
nally at the age of 80 he was granted 
an honorary doctorate in recognition 
of his w o rk . C le a r ly  Scheuerm an 
was not the first to recognize this 
condition, as a description written 
in 1826 shows. He did, however, 
recognize the cause of the deformity.
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♦ John Freke (1688-1756)

Born in London, apprenticed to a 
surgeon, and in 1729 he joined the 
staff of St. Bartholomew's Hospital 
and became a Fellow of the Royal 
Society. He suffered from gout, 
which forced him to retire. He was 
a man of wide culture, well known 
in literary circles— a friend of Fiel
ding, who mentioned him in Tom 
Jones.

which lie a t the m ost concave portion  o f  the curvature are 
considerably narrower anteriorly than posteriorly. The vertebrae 
become wedge-shaped. The epiphysis is no longer triangular but 
becomes broad an d  irregular; the vertebrae are also irregular, 
which po in ts to abnorm al conditions in the line o f  growth.”

The deformity will remain despite any treatment known, he 
wrote. He had not reckoned with the power of spinal instrumenta
tion.

MYOSITIS OSSIFICANS PROGRESSIVA 
JOHN FREKE, 1740

Extract from a letter to the Royal Society:

“Yesterday there cam e a boy o f  healthy look, and  about 
fourteen  years old, to ask o f  us a t the Hospital, w hat should be 
done to cure h im  o f  m any large Swellings on the Back, which 
began about Three Years since, a nd  have continued to grow as 
large on m any Parts as a Penny-loaf particularly on the Left 
Side: they arise fro m  all the vertebrae o f  the Neck, and  reach 
dow n to the os sacrum; they likewise arise fro m  every Rib o f  
his body, a nd  jo in in g  together in all Parts o f  his Back, as the 
Ramifications o f  Coral do, they made, as it were, a fixed  Bony 
Pair o f  Bodices.

“I f  this be fo u n d  worthy o f  yo u r  Thoughts it will afford a 
Pleasure to, Gentlemen,

“Your Most Hum ble Servant, John Freke
“It is to be observed tha t he had  no other sym ptom s o f  rickets 

in any jo in t  o f  his limbs.”

R e f e r e n c e s

Chapter references are located in Chapter 26.



♦ C h a p t e r  S e v e n

Spinal 'Pain

O ld books have little information about back ache. There was a 
lot about tuberculous spine, and I suppose that if the patients 

were lucky enough not to be dying of tuberculosis they were 
regarded as having so much to celebrate that their back ache was 
ignored. For example, Sayre wrote a textbook of orthopaedics in 
1876. In 471 pages there is not a word on back ache. There is much 
on spinal tuberculosis and scoliosis, but nothing on back ache.

In 1915 Bradford and Lovett’s book had 2 pages on back ache 
out of 406. The subject was included in the section on emotional 
and excitable and temperamental patients with hysteria!

By 1926 Cochrane has 24 pages on back ache out of 500 and 
writes about posture, asymmetrical articulations, muscle tears, and 
sacroiliac displacements as responsible for back pain. He starts off 
by writing about industrial back pain.

Important people had weird ideas about focal infection and 
kissing spines, which retarded progress. In the 1930s the disc was 
rediscovered as the cause of sciatica. Schmorl’s book, based on 
spinal autopsies, did much to put the subject on a scientific basis. 
In 1925 he began to examine the spine at every autopsy and wrote 
a book on the first 10,000 in 1932. It was translated into English 
in 1959. For anyone with lectures to give, his 400 illustrations of 
vertebral pathology are a gold mine. Today, our understanding of 
spinal pain still leaves much to be desired.

Pain is a common complaint. The relationship between the 
complaints and the pathology is not as close as we would like. 
The relationship between treatment and outcome is often unclear 
because so many attacks of back ache improve with time.

When Did the Average Patient Stand a 
Chance of His Problem Being Recognized 
and Treated?

Disc protrusion, 1930s
Spondylolisthesis, 1950s
Stenosis, 1960s

Until back ache was auditioned and allowed to play a role in 
the orthopaedic theater, there was no treatment. Bottles of liniment 
and paten t m edicines provided self-treatment. The osteopathy 
school of practitioners was first interested in the spine because

Sciatic scoliosis. Lewis Sayre in 1876 
used this illustration to depict that 
disease of the imagination: sacroiliac 
joint disease, a misinterpretation or 
false trail that led many patients to 
sacroiliac fusion.

173
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they believed that spinal manipulation cured deafness and other 
problems. They were not interested in spinal pain.

Manipulators of the spine for spinal pain were the chiroprac
tors and a few doctors.

The discovery of the disc brought about a “disc rush”—a 
Klondike at every surgeon’s back door. The early indications for 
operating were disc prolapse, instability and spondylolisthesis, and 
then stenosis. Operating started in the late 1930s and reached a 
crescendo in the 1960s.

More recently, the back school movement has helped patients 
understand how they can help themselves.

Famous People with Back Ache

President John F. Kennedy
Kennedy suffered a football injury to his back at Harvard and 

was turned down for the Army because of a bad back. He was 
accepted by the Navy; his boat was sunk under him, and he 
emerged a hero with sciatica. On June 23, 1944, he had a disc 
removed at the Lahey Clinic but was no better. He had many other 
health problems. When he ran for the Senate in 1952 he traveled 
with crutches hidden in the car and had pain on walking. He 
continued to use crutches but concealed this. On October 21, 
1954, a spinal fusion was carried out at the Hospital for Special 
Surgery in New York. A plate and graft was used, and he almost 
died of postoperative infection. The plate was removed a few 
months later, in 1955, because of continuing infection. His pain 
continued and, while he was depressed and being treated by bed 
rest, he wrote Profiles in Courage. In the fall of 1957 a lumbar 
abscess was drained and he improved after this for a time. He was 
on vapocoolant therapy, procaine injections, swimming, calisthen
ics, a shoe lift, a back brace, and his m other’s mustard plasters at 
various times.

In addition, he was diagnosed with adrenal insufficiency in 
1947 and was treated with steroids from this time. He was written 
up in the AMA Archives o f  Surgery as Case 3, 1955, Vol. 71. 
Attempts were made to steal his medical records, and his physi
cian’s office was vandalized. Kennedy denied that he had Addison’s 
disease—a tuberculous destruction  of the adrenals, a play on 
words.

MANAGEMENT OF ADRENOCORTICAL 
INSUFFICIENCY DURING SURGERY

♦ CASE 3
A man 37 years of age had Addison's disease for seven years. 
He had been managed fairly successfully for several years on 
a program of desoxycorticosterone acetate pellets implanted 
every three months and cortisone daily. Owing to a back 
injury, he had a great deal of pain, which interfered with his 
daily routine. Orthopaedic consultation suggested he might
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be helped by a lumbo-sacral fusion together with a sacro-iliac 
fusion. The operation was accomplished on Oct. 21, 1954. 
This patient had a smooth postoperative course insofar as no 
Addisonian crisis ever developed.

TIMELINE OF INVESTIGATIONS
1895 X-rays helped with diagnosis but they were of much less help 

than in other fields of orthopaedics. Knowledge about back 
ache did not take the same great leap forward as did other 
diseases at the time of the invention of X-rays. The quality of 
spinal films was abysmal at first.

1918 Dandy: Air myelography, but it was poor for the spine.
1921 Sicard and Forestier: Lipiodol myelography. Sicard, a Parisian 

neurosurgeon, was using injections of Lipiodol for low back 
pain. An assistant injected some and then aspirated with the 
syringe. Back came cerebrospinal fluid. Horror. Would the 
patient die? “Fluoroscope the patient.” Surprise. The first mye
logram. Fame. Later the arachnoiditis was discovered to be a 
problem. Water-soluble media were used widely in the 1970s. 

1931 Burman myeloscopy 
1948 Lindblum discography
1973 Minnesota Multiphasic Personality Inventory applied to low 

back pain patients 
1973 Prototype com puted tomography 
1977 First primitive magnetic resonance imaging

Spinal S tenosis

The spinal canal and foramina become too small for the lumbar 
roots, resulting in pain and intermittent claudication. Usually due 
to arthritis in the elderly, it can occur in the young owing to 
diseases such as achondroplasia.

Angular deformity with an exostosis proj
ecting from the posterior surface of a tho
racic vertebral body. The patient did not 
recount an injury and had a partial cord 
lesion. From Marshall Hall, 1838.

♦ Walter C. Dandy (1886-1946)

W hile a general surgical resident, he 
was struck by the intraperitoneal gas 
seen on the radiograph of a patient 
with a perforation. He injected air 
into the cerebrospinal fluid space 
and invented ventriculography—the 
first way in which the brain and cord 
were visualized. Later he pioneered 
disc surgery while a neurosurgeon at 
Johns Hopkins.
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♦ Antoine Portal (1742-1832)

Parisian surgeon who wrote a major 
anatomy text. He was President of 
the Academy of Science for much of 
his life.

♦  Vittorio Putti (1880-1940)

He was the dynamo of European or
thopaedics from the time he became 
Director of the Rizzoli Institute in 
Bologna in 1911. He brought people 
together— not easy in this egotistic 
specialty. He made the Rizzoli fa
mous for education and excellence. 
He is mentioned here for his leg- 
lengthening equipment, a report of 
3600 cases of closed reduction of 
developmental dysplasia of the hip, 
arthroplasty, and sciatica.

TIMELINE OF SPINAL STENOSIS
1000 b c  Stenosis found in Egyptian mummies

1803 Antoine Portal found that the spinal canal varied in size 
and described cases in which the spinal cord was slowly 
compressed, resulting in wasting and varying degrees of 
motor loss.

1864 S. Jacqoud noted spinal stenosis in a book on paraplegia: 
“Paraplegia which results from compression o f the spinal 
cord by a spinal canal which is too narrow.”

1893 Arbuthnot Lane decompresses a degenerative spondylo
listhesis w ith relief.

1893 von Bechterew describes a syndrome which has been 
interpreted elsewhere as ankylosing spondylitis.

1896 Sottac invented the expression “intermittent claudication 
of the spinal cord.”

1899 Sachs and Fraenckel describe a patient w ho had pain in 
the legs, paresthesia, and a forward stoop, which was 
relieved by two-level laminectomy.

1910 Sumita describes the narrow canal in achondroplasia.
1911 Bailey and Casamajor of New York describe the weakness, 

stoop, and claudication due to arthritis of the spine caus
ing pressure on the cord and roots. It was relieved by 
laminectomy. They note the thickened lamina, bony over
growth from arthritis, and the thickened ligamentum fla- 
vum. Multiple other reports are published of small series 
during the next few years.

1925 Parker and Adson describe cord compression by hypertro
phic joints relieved by laminectomy.

1927 Putti tries to popularize root compression by hypertrophic 
joints, but he is ignored.

1945 Sarpyener in Istanbul describes the congenital stricture of 
the spinal canal.

1949 Henk Verbeist, a neurosurgeon in Utrecht, finally popular
izes the subject; Brodsky, Ehni, and Kirkaldy-Willis add 
more information.

PATHOGENESIS OF SCIATIC PAIN 

VITTO RIO  PUTTI, 1927

Sciatica may be due to disease of the nerve, he writes. “In  
other cases the cause is local, a n d  the p a in  is due to compression 
or irrita tion  o f  the nerve a t som e p o in t or o ther a long  its 
course.. . .  The idea is no t new  that a nerve m ay be irritated in 
the canal or foram en  which it traverses . . .  The study shows 
one constant factor— the association o f  p a in  with anatom ical
alterations o f  the lum bar spine The anom alies m ay have a
two-fold effect on the intervertebral foram en; Firstly, they m ay  
alter its shape a n d  reduce its capacity; secondarily, by altering 
the mechanics o f  the spinal column, they m ay induce a localised 
arthritis. The diseased jo in t, by its sw elling a n d  deformity, 
changes the shape a nd  capacity o f  the foram en, thus irritating  
and  compressing the nerve within.”
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He mentions that Sicard had advised lumbar laminectomy to 
decompress the roots, but he had found immobilization in a plaster 
jacket sufficient.

SPINAL STENOSIS 
HENK VERBEIST, 1954

“My English p a p er  was repeatedly rejected by ed itoria l 
boards o f  im portant English an d  Am erican neuro-surgical and  
neurological journals. The reasons given fo r  rejection varied  
fro m  disbelief to irrelevant comments. I t was ironic to me, a 
neurosurgeon, tha t the paper was not published by a neurosurgi
cal or neurological journal, b u t rather by the British volume o f  
JBJS Jo u rn a l o f  Bone a nd  Jo in t Surgery],

“The clinical sym ptom s described were disturbances o f  walk
ing or standing which included pain, paraesthesias, a nd  loss o f  
pow er or sensation or both. The w alking disturbance was called 
‘interm ittent claudication’ an d  was considered pathognom onic  
o f  stenosis o f  the lum bar vertebral canal.”

D iscogcnic B ack  Pain

Sciatica

The best early description of sciatica comes from a monograph 
by Cotugno written in 1764. About 90 years later pathologists 
found necropsy evidence of disc profusion. A nother 90 years 
passed before it was realized that there was any connection be
tween these two observations.

Virchow gave a brief account of protruded disc and shortly 
afterward, in 1858, von Luschka described it more fully. At autopsy 
Luschka found a soft, grayish knob of tissue on the surface of the 
posterior longitudinal ligament between L2 and L3; on sectioning 
the disc horizontally, he found that this tissue had arisen from the 
nucleus pulposus that had burst through the annulus. He postu
lated that if this mass continued to expand, it could burst through 
the ligament and cause cord compression. In 1896 Kocher found a 
high disc protrusion in the course of an autopsy on a man who 
had fallen 100 feet.

In 1911 two classic papers appeared, one from Glasgow and 
the other from Boston. The Glasgow paper describes a man who 
died from a traumatic paraplegia and was found to have a massive 
disc prolapse. Goldthwait’s paper from Boston discusses a man 
who developed a paraplegia after a spinal manipulation for back 
pain (a warning to all). He theorizes on the basis of this and 
produces a speculative description of lumbosacral instability as a 
cause of lumbago and sciatica. Among other ideas, he thought that 
a disc prolapse could cause cord and root pressure. He includes a 
drawing of this notion, which is so accurate that it could be used 
in a textbook today.

These papers did not attract much attention. Surgeons had by 
this time started to operate on the spinal cord with increasing
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♦ Christian George Schmorl 
(1861-1932)

He was the director of the Pathologi
cal Institute in Dresden for his work
ing life . He had a photographic 
m emory and w rote m any papers. 
Best known for his work on bone, 
he always examined the spine at au
topsies. After exam in ing  10 ,0 00  
spines, he wrote a book, The Human 
Spine, in 1932. An edition co-au
thored with Herbert Junghanns was 
published in English in 1959.

Schm orl died of septicem ia 
after scratching his finger on a band- 
saw while cutting a specimen.

frequency, but regarded disc protrusions as sessile chondromata or 
fibromata.

In the 1920s, Schmorl and his school were studying the spinal 
column as a routine during autopsies and found disc protrusions 
in about 15%. In the later twenties, “chondromata” were a fairly 
commonplace finding for the neurosurgeon. However, it was not 
until 1934 that Mixter and Barr established, first, the fact that 
these chondromata were in fact disc prolapses and, second, the 
connection between sciatica and disc profusion. These two sur
geons from Massachusetts General Hospital described 19 cases they 
had operated on: 4 cervical discs, 4 thoracic, 10 lumbar, and 1 
sacral. The paper ended with these words, “I think fusion should 
be combined with operation where there is any question of an 
unstable spine, and I believe that a ruptured disc may be un
stable.”

At first the prolapse was removed by full transdural laminec
tomy, but within a few years, in 1939, Love had evolved the 
interlaminar approach, which did not require the removal of any 
bone. After World War II, disc surgery was very popular but did 
not prove to be a panacea for sciatica, and today a more conserva
tive mood prevails.

TIMELINE OF DISCOGENIC PAIN

1764 Cotugno describes sciatica.
1841 Valliex describes a fractured disc at autopsy after an injury.
1857 Virchow describes a disc prolapse briefly.
1858 Von Luschka describes disc prolapse at autopsy.

Brissaud describes sciatic scoliosis.
1881 Forst describes the Lasegue sign.
1896 Kocher describes disc prolapse at autopsy.
1909 Oppenheim and Krause operate on disc prolapse but think it 

is an osteochondroma.
1911 Middleton and Teacher described a patient w ho died of para

plegia due to disc prolapse and experimented to show that 
longitudinal vertebral compression made the disc bulge.

1911 Goldthwait develops a hypothesis about disc prolapse after 
an unfortunate experience. His armchair drawing is a good 
forecast of w hat will be found. But he does not connect this 
w ith sciatica.

1917 Bertolotti in Italy attributes sciatica to an enlarged transverse 
process—a wrong turning.

1926 Smith-Petersen popularizes sacroiliac fusion for low back pain 
and sciatica. A wrong turn?

1927 V. Putti tries to popularize the disc but without success.
1929 Walter E. Dandy (Baltimore) entitles a paper “Loose cartilage

from the intervertebral disk simulating tumor of the spinal 
cord.” He describes two cases: “The early symptoms are those 
of localized vertebral pain plus bilateral sciatica—one side 
being affected more than the other. Later, the symptoms are 
rapidly increasing paralysis, sensory and motor paralysis



Chapter 7 ♦ Spinal Pain 179

and loss o f urinary and vesical control and of reflexes—all
due to compression o f the cauda equina  This lesion
offers a pathological basis for cases of so-called sciatica, 
especially bilateral sciatica.... The lesion is cured by opera
tive removal of the cartilage!'

1932 Georg Schmorl in Dresden studies 5000 spines at autopsy and 
writes a wonderful book on pathology.

1932 Mixter and Barr—the first laminectomy for disc. Joe Barr gives 
an off-the-cuff account of the events surrounding this. “We 
had a very difficult time getting the neurologists to accept 
the possibility that a tumor pressing on a nerve root could 
be present without producing objective neurological 
changes. It just seemed to them incredible that such a thing 
could be true.” No one believed him, but the irony was 
that he realized that he had discovered nothing new. “We 
rediscovered something that had been known.” The dynasty 
of the disc—Farfan’s phrase—begins.

1936 Shordania—the pyriformis syndrome. Another wrong turn in 
the explanation of sciatica.

1939 Love at the Mayo Clinic introduces keyhole laminotomy.
1944 Magnuson decompresses the intervertebral foramen for sciat

ica.
1963 Lyman Smith and Joe E. Brown: papain is used to break down 

the disc with enzymes but, despite a lot of success, the risks 
(anaphylaxis or neurologic damage) take it off the market 
after a few years.

1970 Harry7 Crock: isolated disc resorption
1974 Robert Williams of Las Vegas: microdiscectomy

False Trails
Before root compression by disc and bone was accepted, 

many imaginary diseases were invented, such as sacroiliac disease 
piriformis syndrome, and visceroproptosis. And operations were 
done for them. For example:

END-RESULT STUDY OF ARTHRODESIS OF 
THE SACROILIAC JOINT FOR 

ARTHRITIS—TRAUMATIC AND 
NONTRAUMATIC

M. N. SMITH-PETERSEN AND W ILLIAM A. ROGERS,
1926

“It is the purpose o f  this paper to offer evidence justify ing  
the diagnosis o f  traum atic arthritis o f  the sacroiliac joint. This 
evidence will be offered in such a way tha t surgeons o f  the 
opposite view point in order to refute it will have to do more than  
simply state ‘There is no such condition as traum atic sacroiliac 
arthritis.’ There are a great m any orthopaedic surgeons who hold  
this latter p o in t o f  view  in a passive, non-aggressive way.”

Results: Complete recovery, 85%; failures, 8%.
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Spondylolisthesis

This condition was known well before X-rays were invented, 
from pathologic specimens that were obtained from women who 
had died in obstructed labor. It was not important as a cause of 
back ache. Neugebauer’s article was written in a gynecologic jour
nal to show obstetricians how  to recognize the condition from the 
posture and gait of the patient. He collected cases from the litera
ture, added some of his own, and described a number of bony 
specimens.

A 14-year-old girl had a fall when carrying a bucket of water 
on her head in 1861. She could not stand or walk for three months 
because of sacral pain. Subsequently she had attacks of back pain 
and after a stillbirth came under the care of gynecologist Hegar (of 
dilator fame). He could feel the 5th lumbar vertebra prolapsed in 
front of the sacrum on rectal examination. Neugebauer believed 
that she had a fracture followed by spondylolisthesis.

“M y investigations a t present have led m e to take the follow
ing view  o f  the etiology o f  the so-called spondylolisthesis: a con
genital spondylolisthesis interarticularis m ay exist in the arch o f  
the fifth  lum bar vertebra on one or both sides . . .  (But) in by fa r  
the greater num ber o f  cases the anam nesis gives evidence that 
the spondylolisthesis com m enced in a fracture.”

Spondylolisthesis, 1868. From Franz 
Ludwig N eugebauer (1856-1914), 
who was an obstetrician in Warsaw, 
Poland, w hen he noted the striking 
appearance of wom en w ith severe 
spondylolisthesis. The trunk appears 
short, and the pelvis is extended. 
T ransverse abdom inal c reases are 
com m on. This, he  w ro te , should  
warn obstetricians about a narrow 
birth canal. He was writing in the 
days before spinal surgeons existed.

♦ Ernest Adolph Gustav Gottfried 
Strumpell (1853-1925)

Leipzig internist and pathologist. His 
textbooks went through 30 editions 
and were translated into several lan
guages. He wrote a classic on anky
losing spondylitis.

Sp inal O steoporosis and Senile K yp h o sis

Wedge compression fractures and stenosis are such a common 
cause of misery in older women that I thought that there would 
be a lot written. I could find nothing—perhaps because old age is 
a modern phenomenon.

TIMELINE OF SPONDYLOLISTHESIS
18th C Herbineaux describes the condition.

1839 Rokitansky described it in a textbook of pathology.
1854 Kilian’s description
1882 Neugebauer describes the clinical features in a 70-page 

monograph republished in English by the New Sydenham 
Society.

1936 Jenkins tries to reduce the slip with traction and fusion.
1953 Watkins introduces posterolateral fusion.
1970 Scott wiring to secure healing of the pseudarthrosis
1976 Harrington is the first to instrument reduction of a slip. 

Many others have followed in his footsteps.
1976 Classifications by Wiltse, Newman, and Macnab: dysplastic, 

isthmic, degenerative, traumatic, and pathologic types of 
spondylolisthesis
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Original P ap ers  on S c ia tica

SCIATICA: TREATISE ON THE NERVOUS 
SCIATICA OR NERVOUS HIP GOUT 

DOM IN ICUS C O TU G N O  (COTUN NIUS), 1775

“1. It is a thing very well know n am ongst physicians, tha t 
the nam e Sciatica is given to that species o f  p a in  which seizes 
the hips about those parts where the thighbones fo rm  the joints; 
a p a in  seldom fe lt  in both, bu t often in one, so as to render the 
patien t lam e on tha t side which it invests. This nam e is o f  Greek 
origin, an d  is derived fro m  the seat o f  the disorder; fo r  the hip  
in Greek is called ischios bu t I  m uch doubt whether it was 
adopted by the Latins before the tim e o f  Pliny the Elder. For a ltho’ 
Cato has the word Ischiacos, ye t Celsus, who was very accurate 
in his knowledge o f  the Latin names, which were affixed in his 
time to diseases, w hen he has occasion to m ention this pain, 
chuses to call it Dolor Coxae.

“2. The species o f  the Sciatica are various, according to the 
various parts in which the p a in  is felt; a nd  a ltho’, as hitherto, 
physicians have no t discrim inated between them  so accurately 
as they ought; ye t every one is separately to be distinguished and  
m arked o u t by its characteristic symptoms, as each dem ands its 
proper treatm ent in the cure. The principal species o f  Sciatica 
that deserve our attention are two; one, where the p a in  is fixed  
in the hip, an d  extends no further; the other, where it runs along, 
as it were, in a track, a nd  is propagated even dow n the foot, on 
the sam e side. A ltho’, in the former, it is no t only one p a r t o f  the 
hip that is always affected, nor the p a in  produced always by the 
sam e cause; ye t because it is generally fe lt  about the jo in t, I  th ink  
it would be properly term ed the arthritic Sciatica. The latter, 
because it has its situation in the nerves which run  along the 
hip (notw ithstanding it is by some called the true, as by Prosperus 
M artianus a nd  by others the bastard Sciatica, as by Riolanus) I  
am  o f  opinion ought to be called the Nervous Sciatica.

“3- A t present, I  shall leave the Arthritic Sciatica ou t o f  the 
question. I  shall take upon m e to speak only o f  the Nervous 
Sciatica, the principal causes o f  which lie as ye t buried in obscu
rity. B u t I  shall divide this Sciatica into two species. The one is a 
fixed  p a in  in the hip, situated chiefly behind the great trochanter 
o f  the thigh, a n d  extends itself upwards to the Os sacrum, and  
downwards by the exterior side o f  the thigh even to the knee; this 
p ain  seldom stops a t the knee, bu t often runs on the exterior 
p a rt o f  the head o f  the Fibula, a nd  descends to the fore p a r t o f  
the leg, where it pursues its course along the outside o f  the 
anterior spine o f  the Tibia, before the exterior ancle, and  so ends 
on the Dorsum Pedis. The other is fixed  p a in  in  the groin, which 
runs along inside o f  the thigh a n d  leg. The former, as it is situated  
in the posterior p a r t o f  the hip, a nd  arises fro m  an affection o f  
the Ischiadic Nerve, I  shall call the Posterior Nervous Sciatica: the 
latter, which invests the fore p a r t o f  the hip, a n d  is propagated

♦ Domenico Cotugno (Cotunnius) 
(1736-1822)

Cotugno was born in Ruvo, Italy; his 
father, not rich, spared nothing to 
give his son a good education. This 
decision was rewarded. At the age 
of 9 years Domenico could speak 
the Latin tongue with fluency: at the 
age of 18 he was elected to the posi
tion of Physician at the Hospital for 
Incurables in Naples, perhaps con
sidered a safe appointm ent for a 
teenager. By the age of 20 he was 
Professor of Surgery and occupied 
the chair for 66 years until his death 
at age 86.

He is remembered for his dis
covery  of cerebrosp inal flu id , his 
discovery of the aqueducts of the 
inner ear, descriptions of sciatica, ty
phoid ulcers, and the presence of a 
substance that coagulated on heat
ing the urine of patients with nephri
tis.

O n his deathbed he left 
100,000 ducats to the hospital he 
had served so long.
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along the Crural Nerve, I  shall term the Anterior Nervous Sciat
ica. I  shall now, as briefly as I  can, relate w hat discoveries and  
observations I  have made, a n d  w hat ju d g m en t I  have fo rm ed  on 
these two species o f  the disease.

“4. To begin with the Posterior Sciatica Nervosa, I  have 
observed that it is either continual or intermitting: som etim es it 
tortures the p a tien t day a nd  night, w ithout any intermission; bu t 
more com m only remits now  a n d  then, a nd  returns again a t 
stated intervals.

“5. Av I  observed all the sym ptom s accurately, I  concluded  
the ju d g m en t I  had fo rm ed  was right; a nd  tha t it consisted in an  
affection o f  the Ischiadic Nerve. Though chance has never thrown  
an opportunity in m y way to prove this by the dissection o f  any  
person who died in this disorder, I  do not in the least imagine 
that I  am  assum ing a dubious state o f  the case, in po in ting  out 
its seat. For in this particular I  am  very well satisfied both by m y  
own diligent observations o f  the symptoms, as well as by the 
happy a nd  absolute cures I  have perform ed in consequence o f  
them. I f  I  am  here deceived, I  am  happily deceived, an d  I  am  not 
very solicitous to be delivered fro m  the infatuation, since in it I  
have such success w ith m y patients.

“6. Not only the situation a nd  track o f  the pa in  demonstrate 
that the seat o f  the disorder is in the Ischiadic Nerve, bu t likewise 
the various affections which follow  prove it clearly. For the insu
perable lameness tha t is som etim es the consequence o f  it, shews, 
tha t the powers o f  the muscles in m oving the thigh a nd  leg are 
weakened: b u t the pow er o f  those muscles tha t m aintain  the free  
m otion o f  the nerves, are no t com m only weakened fo r  a long 
time. For a Semi-palsy com ing on, gives us a  striking p ro o f 
that the nerves are affected. I t is usually accompanied with an  
emaciation, which distinguishes the torpor o f  the limbs arising 
fro m  long inactivity, fro m  that impotence which is brought on 
by w ounding the nerves. Therefore, i f  the nerves o f  the hip in this 
Sciatica are affected, I  do no t see how  it can be doubted that the 
Ischiadic, o f  all the nerves traversing the hips, as the p a in  is fixed  
there, is no t the cause a n d  seat o f  the disorder. In this nerve the 
p a in  is felt, in this nerve we are to search fo r  the cause o f  
lameness, and  fro m  its affection the origin o f  the Semiparalysis 
and  Tabes.”

[He drew attention to the cerebrospinal fluid circulating in the 
dural sacs. He thought this could be present in excessive amounts, 
diffusing into the peripheral nerves.]

“Since, therefore, an abundant, or acrid fluid, abiding in the 
outer Vaginae o f  the Ischiadic Nerve, m ay cause the Posterior 
Nervous Sciatica, let us now  see how  it generates all the sym ptoms 
a n d  effects o f  it. In  the firs t place, i f  it arises fro m  too great an  
abundance o f  flu id , the Vaginae o f  the nerves will consequently 
be strained, a n d  the enclosed nervous filam ents compressed, so 
tha t the leg w ill be rather benum bed than painful. On the other 
hand, i f  the f lu id  be acrid, then the p a in  will be sharp and  
perm anent. B u t fro m  whichsoever o f  these causes it arises, the
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pa in s will be exacerbated towards the evening; fo r  a t that tim e a 
m a n ’s body grows warm, a n d  the p a in  is increased, either by the 
more rapid circulation o f  the blood’s causing a greater quantity  
o f  flu id  to be thrown into the Vaginae; or by the increased hea t’s 
exciting or adding a greater stim ulus to the acrid matter. The 
p a in  tha t the p a tien t suffers in this exacerbation, can hardly be 
expressed.”

[Cotunnius goes on to compare sciatica with brachial neural
gia.]

“I  now  fla tter  m yself tha t I  have produced som e probable  
reasons, a n d  causes, o f  the generation o f  p a in  in the Ischiadic 
Nerve; a n d  why its trunk a nd  branch, which descends to the leg, 
feel the track o f  the p a in  an d  are more adapted to receive the 
causes, than the other nerves o f  the body, except the Cubital. Nor 
is there here any room to cavil a t me, because the Cubital Nerve 
has alm ost the sam e disposition, a nd  ye t is seldomer affected 
with pain. For, although this m ay be owing to the Cubital Nerve’s 
having bu t a sm all track uncovered with muscles, the p a in  is not 
so rare to be m et w ith as is imagined. Indeed, I  have often know n  
the Cubital affected a t the sam e tim e w ith the Ischiadic Nerve; 
and  especially when the cause o f  the p a in  was internal, and  
m igh t be co m m u n ica ted  to both nerves. This consent, a n d  
agreement o f  p a in  in the elbow a nd  hip, have been observed by 
me more than once, in  curing those w ho were harrassed w ith a 
rheum atic or venereal Virus; a nd  I  do not doubt, b u t that, i f  
anyone would a ttend to it, we should frequently observe an  
alliance between these two pains. Nay, as I  have often observed, 
the p a in  o f  the hips descends by degrees to the foot, or rises fro m  
the fo o t to the hip, I  have in like m anner fo u n d  the p a in  o f  the 
elbow ascend to the shoulder, a nd  reach to the extremities o f  the 
fingers. There is so great a  sim ilarity a nd  consent between these 
pains, whether we regard the disposition o f  the affected parts, or 
the nature o f  the pain , that I  th ink Celsus, in judg ing  these two 
pains, has done right to couple them together, a nd  even p u t  them  
upon a par. Indeed, i f  the nam e o f  the Sciatica had  no t taken its 
origin fro m  the seat o f  the pain, bu t fro m  its appearance, I  myself 
should not hesitate to call that p a in  o f  the arm, the Nervous 
Cubital Sciatica; fo r  it agrees w ith the Posterior Nervous Sciatica, 
in appearance, situation, symptoms, a nd  cure.”

The Lasegue Sign

The remarkable feature of this sign is that it was never de
scribed by Lasegue—the “universal specialist.” In 1864 Lasegue 
wrote Thoughts o f  Sciatica and since then most authors have been 
happy to imagine that this includes a description of the sign. This 
error has been copied from one learned book to another. Lasegue 
in fact described two cases of sciatica, observing that weight 
bearing and flexing both hip and knee together aggravated the pain.

His pupil Forst described the sign in a doctoral thesis in 1881, 
and wrote that his attention was attracted to it by Lasegue—his 
teacher, sponsor, and President of the University examiners. Forst

♦ Ernest Charles Lasegue (1816- 
1893)



184 Chapter 7 ♦ Spinal Pain

considered that the sign depended on the sciatic nerve becoming 
compressed by the hamstrings.

However, in the year before Forst went into print a Yugoslavian 
physician, Laza K. Lazarevic, had described the sign in the Serbian 
Archives. Lazarevic based his observations on six patients and 
realized that the sciatic nerve could be stretched by straight leg 
raising. He mentioned two other ways of eliciting the sign: by 
attempted toe touching or by instructing the patient to sit up in 
bed with the knees extended. Due to the lack of popularity of this 
last technique, it is a useful way to separate a malingerer from the 
genuine article.

In 1884 de Beurmann studied the mechanism of the sign; he 
removed the sciatic nerve from a cadaver, replacing it by a piece 
of rubber tubing. On straight leg raising the tube elongated by 
8 cm.

There seems little point in immortalizing the name of Lasegue 
in this connection. Lazarevic or Forst would prove no more popular 
with medical secretaries—perhaps it should be called the sciatic 
stretch test.

SCIATIC STRETCH TEST
J. J. FORST, 1881

“We do no t in tend to m ake a complete study o f  sciatica bu t 
will lim it ourselves to study, in particular, one clinical sign o f  
very great value fro m  the p o in t o f  view o f  diagnosis. In spite o f  
all that has been written on sciatica, we have been unable to 
f in d  any m ention o f  the sym ptom  that we are about to discuss. 
Professor Lasegue attracted m y attention to this sign.

“What then is this sign?

The Lasegue sign. From J. J. Forst, 1881.
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“We place the p a tien t on the bed lying on his back; in  this 
position we take the fo o t o f  the affected leg in one hand  as shown  
in the Figure, a n d  place the other hand  on the knee o f  the sam e  
leg; having done this, we fle x  the thigh on the pelvis, keeping the 
leg extended. I t is only necessary to lift the limb a fe w  inches fo r  
the p a tien t to experience acute p a in  a t the level o f  the sciatic 
notch ju s t  a t the emergence o f  the nerve. We replace the lim b on 
the bed, and  proceed with another manoeuvre, which gives fu r 
ther verification o f  the sign that we have mentioned.

“We have ju s t  seen tha t the p a tien t experiences acute p a in  
when the thigh is flexed  on the pelvis while the leg is held in 
extension. I f  we now fle x  the leg a t the knee, we are able to flex  
the thigh a t the hip w ithout causing the pa tien t any pa in fu l feeling.”

Forst reasons that the pain is produced by the muscles at the 
back of the thigh becoming tense when the straight leg raising test 
is performed. These muscles compress the sciatic nerve. When the 
knee is flexed, the relaxed muscles do not compress the nerve and 
the maneuver is painless.

INJURY OF THE SPINAL CORD DUE TO 
RUPTURE OF AN INTERVERTEBRAL DISC 

DURING MUSCULAR EFFORT

GEO RGE S. M IDDLETON AND JOHN H. TEACHER,
1911

“The follow ing case is o f  interest, because it seems to throw  
light upon certain cases o f  spinal myelitis an d  haemorrhage into  
the spinal cord arising o u t o f  strains a nd  racks o f  the back in  
m en engaged upon heavy work. So fa r  as we are aware, the 
lesion is one which has not hitherto been observed, as we have 
been unable, after considerable search in literature a nd  enquiry  
am ong pathologists a nd  surgeons, to fin d  any record o f  an ex
actly sim ilar case.

“A m an  was lifting a heavy plate fro m  the floor to a bench, 
when he fe lt a “crack” in  the sm all o f  his back. He suffered  
intense pain, and  was unable to straighten himself. Paraplegia 
soon developed, an d  the p a tien t died sixteen days later, princi
pally fro m  the effects o f  bedsores an d  septic cystitis. The cause o f  
the paraplegia was haemorrhage an d  softening in the lum bar  
enlargement o f  the spinal cord, a nd  the cause o f  this was fo u n d  
in a mass o f  the pu lp  o f  an  intervertebral disc which had  been 
displaced into the vertebral canal.

“With regard to the mechanism  o f  the injury, it can be 
inferred fro m  the history o f  the case that the man, a t the m om ent  
a t which he fe lt the “crack” in his back m ust have had  his back 
more or less bent forward, w ith the lum bar a n d  abdom inal 
muscles in fu ll  action.

“This would cause pow erful compression o f  the interverte
bral discs, w ith the anterior m argins o f  the vertebrae approxi
m ated to one another, and, therefore, in a favourable position fo r  
displacement o f  the pu lp  o f  the intervertebral disc backwards, i f  
that were possible.

♦ George Stevenson Middleton 
(1853-1928)

He was born in Aberdeen and grad
uated from Glasgow University. As 
a physician he joined the teaching 
staff and instituted a postgraduate 
class on Sundays, probably initiating 
postgraduate education in Glasgow. 
H is w ritings were m ain ly descrip
tions of unusual and interesting 
cases.

♦ John Hammond Teacher (1869- 
1930)

A  graduate of Glasgow University 
who became Professor of Pathology. 
His main interest was in gynecologi
cal pathology, and he achieved fame 
for describing a very early fetus.
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♦  Joel Goldthwait (1866-1961)

G o ld thw ait w as born in M ar
blehead, Massachusetts. He planned 
to work in scientific agriculture and 
graduated, but after one unhappy 
day in business, he decided to try 
something else. He graduated again 
in medicine from Harvard in 1890. 
He worked for an orthopaedic sur
geon and made this his specialty. At 
the turn of the 19th century there 
were no hospital facilities in Boston 
for the crippled and disabled over 
the age of 12. As a result of agitation 
he acquired a third floor room to 
work from, and the success of this 
led to an orthopaed ic outpatient 
clin ic being formed at Massachusetts 
General Hospital. He raised funds to 
build a ward that was opened in 
1909, and he became its first head. 
A little later he published his article 
on the importance of the lumbosa
cra l jo in t. Later he organized a 
school of physical education and an
other for occupational therapy stu
dents, in addition to his great activity 
in writing and teaching. During his 
life he was at the forefront of the 
A m erican  orthopaedic scene and 
played a major role in the develop
ment of the Boston school of ortho
paedics.

“To test this theory o f  the injury experiments were m ade to 
see whether the pu lp  o f  the intervertebral disc could be squeezed 
o u t through the strong surrounding ligaments, a nd  the direction 
which it would take.

“In one a successful result was obtained. The first three 
lum bar vertebrae fro m  the body o f  a well-developed m an  with 
no disease o f  the colum n were placed in a carpenter’s wooden 
vise, an d  pressure m ade rather more to the fro n t than to the 
back. The cord a nd  the nerves had  been cu t out, leaving the dura  
in situ. It was noted before pressure tha t the position o f the 
intervertebral discs was shown by a  slight bulging inwards. A fter 
pressure had been applied a definite rounded prom inence could 
be seen opposite the disc between the first a nd  second lum bar 
vertebrae, close to the side o f  the posterior longitudinal ligament.

“The pressure had  n o t been very pow erful—certainly not 
enough to crush the bones a t all. Repeating the experim ent with 
more pow erful pressure, the swelling was seen to increase slightly.

“The arches were then cu t ou t a nd  the dura m ater raised. 
The rounded swelling was fo u n d  with the fibrous outer layer o f  
the disc intact. Pressure w ith an iron vise to crushing o f  the bone 

fa iled  to produce any fu rth er  swelling.
“On cutting through the disc w ith a sharp knife it was fo u n d  

tha t the swelling actually was due to displacement o f  the soft 
pulp, which had forced its way through the inner fibrous layers 
o f  the disc as fa r  as the outer sheath. The corresponding area on 
the other side was unchanged. The pu lp  o f  the disc had, therefore, 
been displaced, a nd  it had travelled in the direction which it 
m ust have followed in the victim  o f  the accident.”

THE LUMBOSACRAL ARTICULATION; AN 
EXPLANATION OF MANY CASES OF 

"LUMBAGO/' "SCIATICA," AND 
"PARAPLEGIA"

JOEL E. GOLDTHW AIT, 1911

“A n experience o f  the w riter w ithin the p a st year in connec
tion w ith the treatm ent o f  a p a tien t w ith a  spinal lesion was so 
disastrous to the p a tien t an d  so distressing to the writer that a 
series o f  investigations were started in the hope o f  bringing some 
relief to the p a tien t a nd  a t the sam e tim e o f  preventing such 
happenings in the future. It is this study which represents the 
basis o f  this com munication, a nd  in order tha t it m ay be fu lly  
understood the case that led to it is first reported.”

Goldthwait described a 39 year old man who strained his 
back. A displacement of the right sacroiliac joint was diagnosed, 
and it was replaced under anesthesia. He made a normal recovery, 
but three months later his pain recurred and a strain of both 
sacroiliacs was diagnosed. The following day he felt something 
“slip” in his back as he leaned forward to get out of a bath. It 
produced sudden severe pain; his body was drawn forward and to 
one side, and the pain radiated into the legs. Goldthwait manipu
lated his sacroiliac joint under anesthesia but without relief, so
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later in the day he started to apply a plaster jacket in hypertension. 
While he was doing so the patient had another severe pain and 
within a few minutes developed a motor and sensory paraplegia 
with paralysis of the sphincters. When he was put on his side this 
disappeared but returned when he turned over in bed. By the 
following morning the paraplegia was complete and remained so.

After six weeks Harvey Cushing explored the spinal canal from 
LI to S3 but found no abnormality. The patient improved somewhat 
and eight months later was able to move with canes.

Goldthwait’s powers of reasoning were stimulated. He thought 
that this cauda equina lesion had occurred at the lumbosacral level 
because of clicks from this region, tenderness, and the pattern of 
paralysis. He studied the anatomy and abnormalities of the region, 
and suggested that the lumbosacral joint could become subluxated 
by the transverse process of L5 striking the sacral ala and prising 
the joint open. He mentions that Dr. A. H. Crosbie had seen, but 
not published, a case of paraplegia due to proven disc prolapse. 
The illustration gives his impression of what it would look like.

It is a paper that covers possibilities, because in view of the 
negative laminectomy, he had no evidence to incriminate a massive 
disc prolapse, which would today seem the most likely cause of 
his patient’s troubles.

Here are his final conclusions.

“The lumbosacral articulation varies very greatly in its sta
bility, depending upon peculiarities in the form ation  o f  the artic
ular processes an d  o f  the transverse processes; tha t these peculiar
ities no t only result in less than the norm al strength o f  the joint, 
b u t m ay represent m echanical elements which no t only produce  
strain a nd  cause p a in  b u t m ay lead to such great instability that 
actual displacement o f  the bones m ay result, w ith a t the sam e  
tim e the separation o f  the posterior portion  o f  the intervertebral 
disk.

“In such displacement, i f  the fifth  lum bar slides forw ard  
upon the sacrum, spondylolisthesis, the condition is usually com
pensated for, a nd  pressure upon the cauda equina or the nerve 
roots does not occur.

“I f  the displacement be upon one side, the spine m ust be 
rotated a nd  the articular process o f  the fifth  is drawn into the 
spinal canal w ith such narrowing tha t paraplegia m ay result, or 
the crowding backward o f  the intervertebral disk alone m ay be so 
great as to cause paraplegia, bu t o f  more gradual development.

“Weakness o f  the jo in ts  or the partia l displacements m ay  
cause irritation o f  the nerves inside or outside o f  the canal and  
produce the bilateral leg p a in s  often called sciatica.”

JOE BARR REMEMBERS DIAGNOSING A 
DISC IN 1932

“M y firs t concept w ith regard to lum bar disk lesions as 
causing clinical sym ptom s dates back to 1932. A t that tim e I  was 
ju s t  a little over 30  years old, a n d  was in private practice. Those 
o f  you  who are old enough to know  about 1932 know  tha t there 
w asn’t  much private practice a t tha t time. I t was scratch as

Goldthwait’s concept of a disc com
pressing the cauda equina.

♦  Joe Barr
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scratch can. There w asn ’t a great deal o f  work a nd  the work 
there was w ent to m uch older a nd  much wiser doctors than I  
was a t that tim e a nd  perhaps ever will be.

“I  ivorked w ith Dr. Ober.
“In  any case, in 1932 a  young  fellow  came down to see Dr. 

Ober. I  exam ined this fellow. His nam e was Kenneth Newton. He 
was in his 30s.

“Kenneth Newton had w hat we now recognize as a classical 
disk syndrome. He had  hellish p a in  down his leg. He had  a list 
in his back a nd  he was miserable. Plain X-rays were negative. 
We p u t  h im  in a little hospital to cool off. He stayed uncom fort
able. Well, in those days we thought the cause o f  this syndrome 
was either sacroiliac strain, as exemplified by Smith-Petersen, or 
perhaps lumbosacral strain. Phil Wilson was a great person to 
defend the sacroiliac region as the cause o f  low back a nd  sciatic 
pain. We knew  that spondylolisthesis caused p a in  in the legs 
sometimes. We knew  that infectious arthritis did  also. We knew  
tha t tum ors d id  a n d  then we sort o f  stopped a nd  we d id n ’t  know  
m uch more about it than that.

“Anyway, Kenneth Newton d id n ’t do very well under conser
vative treatm ent so ive considered m anipulating his back. This 
was a standard fo rm  o f  treatment. I  couldn’t  understand, i f  it 
was strained, why it fa iled  to be relieved by complete bed rest. It 
seemed to m e very odd that this could be true. A ny other strain 
o f  ligaments tha t I  had  ever heard o f  w ould be relieved by rest. 
I t  was also hard to understand w hy strain o f  any ligament could 
produce w hat appeared to be typical nerve pain, deep seated and  
agonizing.

“So I  said to Dr. Ober, ‘Before we m anipulate his back, isn’t 
it possible that we are missing something?’ Dr. Ober said, ‘Yes, he 
m ight have a tumor. Let’s get Jason M ixter to see him.’ Jason  
Mixter was a neurosurgeon, o f  course, an d  the m an in New  
England who knew  m ost about the spine. So Jason saw the 
p a tien t a nd  said, ‘Well, it could be a tum or all right.’ He had  
operated on a few  chondromas o f  the spine a nd  he advised that 
we do a Lipiodol myelographic exam ination. We p u t  in 2  cc o f  
Lipiodol to fill  a big broad spinal sac and  those 2  cc ran a little 
pencil line up a nd  down the back. We d id n ’t  even know  enough 
to do fluoroscopy. We ju s t  took a couple o f  films. These were 
negative as fa r  as this was concerned. The p a tien t was no better.

“Jason said he would be willing to explore the spine. So he 
did. Here L missed an excellent opportunity because I  w asn’t  
present a t the exploration. L was busy doing some orthopedic 
exam ination or other a n d  d id n ’t see the surgery. B u t I  was told 
the p a tien t had  a chondroma o f  the spine. I  saw the operative 
note a n d  in the clinical records a t the M.G.H. is a very lovely pen- 
and-ink sketch tha t M ixter had  made. He fo u n d  the tum or by 
opening the dura, doing a rather radical laminectomy, removing 
the 2  lam inae a nd  removing the tum or through the opening in 
the dura. He fo u n d  the firs t sacral nerve root under compression 
a nd  removed it transdurally. The p a tien t was much better, in fa c t 
was completely relieved o f  his back a nd  leg pain.
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“I  w asn’t so busy in those days a n d  so on the next Sunday  
m orning after the report had come back fro m  pathology, ‘chon
droma o f  the spine,’ I  w en t over to the Pathology Department, got 
the slides o u t a nd  asked to see them. Here was this tum or bu t I  
couldn’t  see any cells. That seemed to m e very odd. I  asked Tracy, 
the pathologist, about this chondrom a that d id n ’t have any cells. 
He said, ‘Well, tha t is a characteristic o f  chondromas o f  the spine. 
They d o n ’t have cells.’

“Just about that tim e som ething happened which gave us a 
clue. I  was sent a book by Schmorl a n d  Junghanns. I  w o n ’t  give 
the German title o f  it b u t it was a  book on the spine in disease 
a nd  health and, as yo u  all know, Schmorl was a German patholo
gist who spent his life, especially his later years, studying spines 
which had  been removed a t autopsy. He described these little 
posterior protrusions which he saw which he thought were o f  no 
clinical significance. ‘N icht wichtig,’ they were called. I  had been 
asked to review this book. My German was very bad. I t took me 
about 3 or 4 weeks o f  hard slogging before I  could m ake out ju s t  
w hat this was all about. I  asked Tracy Mallory i f  this could be a 
disk protrusion because fro m  Dr. M ixter’s description this had  
arisen fro m  an  intervertebral disk. Tracy said he d id n ’t know. It 
m ight be. I  w ent to the medical school a nd  asked to see some 
slides o f  disk tissue a nd  there were no pathological histological 
slides o f  norm al intervertebral disk tissue a t Harvard Medical 
School. This was extraordinary, b u t it was a fact. I t was a tissue 
o f  no importance.

“So we m ade som e disk tissue slides a nd  compared them  
with this ‘tum or’ O f course, it was the sam e sort o f  material. 
Fortunately, the Pathology D epartm ent had a very lovely index  
o f  all material they ha d  ever exam ined a t the M.G.H. since it was 
opened in 1812 or so.

“We were able to f in d  about 20  or 30 cases o f  chondromas 
o f  the spine. They ranged fro m  the cervical spine on dow n to the 
lum bar spine w ith 1 or 2  in the dorsal spine. A nd  o f  these 
‘chondrom as’ o f  the spine, there were 3 or 4 o f  them tha t any
body, even a fo u rth  year medical student, could tell were chondro
mas. They had cartilage cells in them. The rest o f  them all looked 
like norm al disk tissue.

“So we were on the h u n t then fo r  other clinical cases w ith  
this sam e type o f  thing. Our first case in which we m ade the 
diagnosis preoperatively was a fellow  by the nam e o f  John A n
drade who was a Portuguese chap fro m  down on Cape Cod.

“Phil Wilson a nd  I  operated on him. He had  a severe forw ard  
and  lateral list o f  his spine so he was cocked o ff  to the side. Phil 
Wilson was sure that strain had  a lot to do w ith this. So we took 
a massive tibial graft a n d  d id  a fu sio n  on h im  after the disk had  
been removed. He fu sed  solidly b u t he fu sed  w ith the list still 
present. John Andrade is living today with his spine bent o ff  to 
the side about 30° a nd  listed forw ard  about 30°.

“Then the struggle was on. We had a very difficult tim e  
getting the neurologists to accept the possibility that a  tum or  
pressing on a nerve root could be present w ithou t producing
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objective neurological changes. It ju s t  seemed to them incredible 
that such a thing could be true."

MYELOSCOPY, OR THE DIRECT 
VISUALIZATION OF THE SPINAL CANAL 

AND ITS CONTENTS
MICHAEL BURMAN, NEW YORK, 1931

Burman examined 11 cadaver spines. His arthroscope was too 
big for most spines. “In cases where the canal was wider, we were 
able to see the spinal cord, the dura mater, a nd  som e o f  the nerve 
constituents o f  the cauda equina.”

♦  Andrew Taylor Still (1828-1917)

Osteopathic medicine was founded 
by Still after he had served as a sur
geon in the C ivil War and after his 
three children died of meningitis in 
1874. He lost his faith in the medi
cine of the day and started a school 
based on the idea that diseases were 
caused by musculoskeletal derange
ments and could be corrected by 
manipulation.

TIMELINE FOR THE TREATMENT OF BACK 
PAIN
Nonoperative Treatment

1813 Royal Central Gymnastic Institute founded in Sweden— 
Ling’s exercises

1825 Delpech runs a Back School, but mostly for spinal deformi
ties.

1874 Andrew Still—osteopathy founded
1874 Back braces. James Knight publishes Orthopaedia. He 

describes many orthotics since he was a champion of 
nonsurgical treatm ent. The only brace he is known 
for—the chairback brace—is not in the book. Women had 
been wearing corsets for centuries. Braces had been 
widely used for spinal deformity and tuberculosis for 
many years.

1895 D. D. Palmer: Chiropractic founded 
1914-18 War sees the beginning of medically supervised physio

therapy.
1929 Evans: epidural blocks
1937 Williams’ famous back exercises.
1946 John Bonica, an anesthetist, organizes a multidisciplinary 

Pain Clinic in Tacoma, Washington. This employed op
erant conditioning and reducing drug dependence.

1979 Zacrisson—back school—the aim is to educate patients 
about back pain and em power them.

Anterior Fusion
1880s Anterior approach begins to be used for draining tubercu

lous abscesses. The pus did all the tricky dissection.
1933 Burns of Britain fuses a spondylolisthesis from in front.
1934 Ito in Japan uses an anterior approach for tuberculous 

spine.
I960 Paul Harmon introduces the retroperitoneal approach.
I960 Hodgson and Stock in Hong Kong revolutionize spinal 

surgery w ith their anterior approaches for tuberculo
sis—these are used later for disc disease.

1969 Dwyer anterior instrumentation.
1971 Freebody of Croydon uses the transperitoneal approach 

for a large series of spondylolisthesis patients.
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Posterolateral Interbody Fusion (PLIF)
1944 Briggs and Milligan used spinous process to stuff into the 

discotomy.
1946 Jaslow uses the same technique.
1957 Wiltberger uses plug cutters.

Many other systems are used today.

Posterior Fusion
1887 W. F. Wilkins in Kansas sutures the pedicles of a dislocated 

spine in a new born baby.
1891 Berthold Hadra in Texas does an interspinous wiring.
1909 Fritz Lange uses steel bars wired to the spine to stabilize 

a fracture.
1911 Fred Albee uses a tibial cortical graft to stabilize the spine. 
1911 Russell Hibbs fuses spines—interlaminar fusion.
1933 Ghormley introduces iliac graft.
1944 Don King—screw fusion of facets 
1952 Wilson plate
1959 Boucher of Vancouver—screw fusion of facets, with the 

screws going down pedicles
1962 Harrington rods
1963 Roy Camille, pedicle screws and plates
1964 Knodt rods
1982 Luque rod and sublaminar wire
1984 Cotrel-Dubousset pedicle screws and rods

Vertebra Plana, 1925

A LOCALIZED AFFECTION OF THE SPINE 
SUGGESTING OSTEOCHONDRITIS OF THE 

VERTEBRAL BODY, WITH THE CLINICAL 
ASPECT OF POTT'S DISEASE

JACQUES CALVE, M .D., CH IRURGIEN EN CHEF DE 
LA FONDATION FRANCO-AMERICAINE DE BERCK 

PLAGE, FRANCE

“In this paper are subm itted two observations, one o f  a case 
o f  m y own, a nd  one a case o f  m y friend, Dr. Brackett, o f  Boston, 
who has been good enough to allow me to use the notes and  
illustrations o f  his case. They both occurred in patients in private  
practice a n d  were observed carefully fro m  the tim e o f  their first 
sym ptom s until their evident cure. Both cases were believed, 
du rin g  their entire evo lution , to be P ott’s disease, a n d  were 
treated as such.

“Observation 1. P. P., 2'/2 years o f  age. Onset: November, 
1921, insidious, gradual, accom panied by p a in  in the back, and  
stiffness, w ith the appearance o f  a  sm all knuckle in the dorsal 
region which rapidly increased. Parents consulted a specialist, 
who m ade the diagnosis o f  Pott’s disease an d  sent the child to 
the Riviera. The case cam e under m y observation fo r  the first 
tim e in May, 1922, six m onths after the onset. A t this tim e there

♦ Daniel Palmer (1845-1913)

In 1895, a janitor was bending over 
when he heard a pop in his back 
and becam e deaf. Palm er reposi
tioned the vertebra where the janitor 
had heard the pop and his hearing 
returned. Palmer, a Canadian, be
came famous and founded the chiro
practic school in Davenport, Iowa in 
1898. Cheir is the Creek word for 
hand, and praktikos is Greek for ac
tion. Chiropractors believe that dis
ease is due to nerve m alfunction 
brought on by spinal malalignment, 
which can be corrected by spinal 
manipulation.
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were the usual sym ptom s o f Pott’s disease with a sharp knuckle. 
The child was difficult to m anage and, the diagnosis appearing 
evident, it d id  n o t seem necessary to have an X-ray picture taken 
a t tha t time, a nd  the case was treated a t Berck by hyperextension 
in  a recum bent position  until fanuary, 1924. The knuckle disap
peared progressively, no abscess threatened a t any time, nor were 
there any symptoms, a t any time, suggesting compression o f  the 
spinal cord. The child m ade a recovery w ithout deformity and  
now  walks like a norm al child, a nd  is wearing, a t present, a 
celluloid jacke t as a m atter o f  protection.”

[Observation 2 was similar.]

“As seen fro m  a clinical p o in t o f  view, these were cases o f  
dorsal Pott’s disease. Neither developed an  abscess or sym ptom s 
o f  spinal cord compression, the evolution was rapid, and  the 
disease was, perhaps, cured in a shorter period than usual. 
Nevertheless, a t the tim e this d id  no t seem a sufficient reason fo r  
doubting the diagnosis o f  the tubercular nature o f  the affection, 
nor was there any doubt o f  the diagnosis un til the evidence o f  
the firs t roentgenograms was considered. As has already been 
stated, m y pa tien t was extremely difficult to manage, which pre
vented a roentgenogram being taken a t the beginning o f the 
treatment. When, fro m  a clinical p o in t o f  view, it was considered 
tha t the disease was cured, a roentgenogram was taken to con

firm  this clinical diagnosis o f  cure, a n d  a t once the abnorm al 
aspect o f  the p icture was apparent an d  raised a doubt o f  the 
original diagnosis. .4s there h ad  appeared in an American jo u r
nal a t the sam e period  a roentgenogram o f  the case treated by 
Dr. Brackett, which bore a striking resemblance to that o f  m y  
own case, I  obtained a picture o f  this case.

“A study o f  the two roentgenograms shows, in m y opinion, 
the difference between them a nd  pictures taken o f  a case o f  true 
Pott’s disease.

“1. In  these two cases the lesion attacks only one vertebra 
(there is bu t one pedicle).

2. In  striking contrast here is the absolutely intact condition 
o f  the adjacent discs above a nd  below the diseased verte
bra.

3■ The cartilage is thicker a nd  there is a neoformation o f  
this tissue. The transparent p a r t above a nd  below the 
lamellar osseous nucleus is a t least a third higher than it 
is normally. (This is never seen in tuberculosis, which is 
m arkedly destructive o f  cartilage tissue.)

4. Greater opacity is to be remarked, which indicates that 
the bone density has increased. We are, therefore, justified  
in ruling ou t a diagnosis o f  tubercular infection in either 
o f  these two cases, a n d  this observation, com bined with  
the sim ilarity o f  the roentgenograms, justifies the consid
eration o f  these two cases in the sam e category. I t  m ight 
seem presum ptuous on m y p a rt to suggest a pathologic 
entity fro m  the observation o f  two cases only, bu t one 
m ay advance a suppositional diagnosis while ivaiting fo r
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other observations to corroborate these findings, an d  it is 
hoped that other observations will be stim ulated by this 
short paper.

“In w hat type o f  disease can these two cases be catalogued? 
The affection which I  have ju s t subm itted to you  is, I  believe, 
to the spinal colum n w hat coxa plana  is to the hip, a nd  
w hat Koehler’s disease is to the foot.”

R eferences

Chapter references are located in Chapter 26.





♦  C h a p t e r  E i g h t

Cervical Spine 
and WKipIasK

At one time in Britain, more than 200 crimes were punishable 
by hanging, and only in 1868 was public execution abolished. 

About this time, interest in more minor degrees of neck pathology 
surfaced. The railways had been built, and trains were involved in 
all kinds of crashes, resulting in many cases of what is known now 
as whiplash injury. The first Model T Ford rolled off the assembly 
line in 1908 and made this injury commonplace.

Whiplash

Head and neck pain after a car accident is common and is still 
a bit of a mystery. This is nothing new. Before car insurance 
companies, there were railways with deep pockets, and in the early 
days, injury claims were common after a collision.

RAILWAY SPINE 

JOHN ERICHSEN, 1866

“Concussions o f  the spine a nd  o f  the spinal cord no t infre
quently occur in the ordinary accidents o f  civil life, bu t none 
more frequently or w ith  greater severity than in those which are 
sustained by Passengers who have been subjected to the violent 
shock o f  a Railway Collision.

“The absence often o f  evidence o f  outw ard a n d  direct physi
cal injury, the obscurity o f  their early symptoms, their very insidi
ous character, the slowly progressive developm ent o f  the second
ary organic lesions, a nd  the fu n c tio n a l disarrangements entailed  
by them, a nd  the very uncertain nature o f  the u ltim ate issue o f  
the case, they constitute a class o f  injuries tha t often tax  the 
diagnostic skill o f  the surgeon to the very utmost. He m ust sepa
rate tha t which is real fro m  that which is exaggerated."

It became the most common reason for a doctor going to 
court, and there were frequent differences of opinion.

The next year came a rejoinder:

The jury mast for tuberculosis of the 
cervical spine—1768 (Joachimsthal) 
This was invented by Franyois-Guil- 
laume Le Vacher (1732-1816); his 
younger brother developed scoliosis 
braces.

195
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ON COMPENSATION FOR RAILWAY 
INJURIES

JAMES SYME, 1867

“Since the passing o f  Lord Campbell’s Act—a m ost unjust 
piece o f  legislation as it has always seemed to me, which estab
lished the principle o f  regulating the a m o u n t o f  damages fo r  
personal injuries in accordance w ith the value o f  individuals to 
society an d  to their fam ilies . . .  For instance a t this tim e last year  
a trial took place . . .  on the p a r t o f  a commercial traveller, who 
prosecuted the Great Northern Railway Company fo r  compensa
tion on account o f  an  injury alleged to have been sustained fro m  
a collision on their line.”

[Then he names nine doctors who gave evidence on one side 
or the other: Erichsen’s side predicted death and Symes’ side said 
there was no organic disease and good health was expected.]

“The jury, instead o f  the 12,000 pounds asked, gave 4700  
pounds o f  damages; an d  before m any months, the plaintiff, who 
had  been rapidly recovering, adm itted that he was quite well, as 
he still continues to be.

“The truth is, tha t when ju ries fin d  medical evidence so 
conflicting, no t being able to judge fo r  themselves as to the merits 
o f  the case, they alm ost always decide in fa vo u r o f  the claimant, 
so tha t there is thus the greatest encouragement afforded to 
unfounded or exaggerated dem ands fo r  redress."

Symes says that a patient only has to read Erichsen’s book in 
order to learn how he should behave to win. He then gives a case 
of exaggeration he encountered and how he dealt with it. He 
hoped that publishing these cases would discourage them.

Contem porary W h ip lash

Harold Crowe of Los Angeles used the word “whiplash” at a 
meeting in 1928.

INJURIES OF THE CERVICAL SPINE
A. G . DAVIS, 1945

This was one of the first articles to use the word “whiplash.”

“Starting with the fa c t tha t the great m ajority o f  injuries to 
the cervical spine are in the nature o f  ‘whiplash,’ a nd  accepting 
the m eaning o f  the term “w hiplash” as a hyperflexion followed  
by spontaneous extensor recoil, the nature o f  a great variety o f  
injuries o f  this section o f  the spinal colum n becomes understand
able.

“Two types o f  injury are im m ediately separated by the sever
ity o f  the accident. For convenience these will be referred to as 
‘obvious’ an d  ‘obscure.’
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“The ‘obscure’ lesions are those confronting the physician, 
with p a in  a nd  spasm in the neck, variable p a in  radiation with  
graduations fro m  those o f  trivial annoyance to those exhibiting  
intractable neuralgia. The question o f  injury is frequently slurred 
over by the p a tien t fo r  the reason that the p a in fu l sym ptom s do 
not develop until som e tim e after the injury occurs."

Experiments on monkeys by Ian McNab in the 1960s showed 
that hyperextension of the neck did produce widespread damage 
to disc, muscle, and ligament.

COMPENSATION
J. G . JOHNSON, NEW YORK, 1883

“In 1866 an  able a nd  rising surgeon o f  England published  
a book o f  his trium phs in a new specialty he had  worked up fo r  
himself, as a personal dam age surgeon against railroad corpora
tions, in a new  disease he had discovered, resulting fro m  the 
mighty pow er o f  steam  in railway concussions upon the nervous 
system o f  h um an  beings. The ingenuity a nd  plausibility w ith  
which his book was w ritten spoke more fo r  his skill as a partisan  
than did  the contents appear as tha t o f  a  searcher after truth.”

The English railways paid out 2.2 million pounds in compensa
tion in 5 years for cases of concussion of the spine. In 1863 there 
were 35 killed and 401 injured in railway accidents in the United 
Kingdom.

MALINGERING AND FEIGNED SICKNESS 
SIR J. CO LLIE, 1913

“The m any provisions m ade by the Legislature in recent 
years fo r  securing benefits to injured workpeople have, undoubt
edly, given rise to a large num ber o f  cases o f  malingering. Not 
m any years ago it was practically only in naval a nd  m ilitary  
circles tha t one heard the term used, where the ingenious Jack or 
Tommy feigned  all sorts o f  ailm ents in order to avoid an unpleas
a n t duty or get discharged fro m  the Services. Cheiving cordite or 
running gunpowder into self-inflicted w ounds were am ong their 
more drastic m eans.. . .

‘As long as medical m en who attend the working-classes are 
dependent on the working-men themselves and  the club officials 
fo r  their tenure o f  office, so long will gross exaggeration and  
malingering be rampant.”

Cervical Spondylosis and 
]Wyet\ opatKy

Nontraumatic neck pain due to disc degeneration has taken a 
century or more to be accepted. Beginning in 1824, Wenzel, Roki- 
tansky, Luschka, and Lane appreciated that the discs degenerate
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w ith age and described the changes of cervical spondylosis. Olliver 
in 1824, Key in 1838, Jaccoud in 1864, and Leyden in 1874 
discussed spondylosis causing paraplegia. Gowers in 1886 de
scribed spondylosis causing both root and cord compression. Also 
in 1886, Horsley removed an acute disc protrusion. From 1909, 
disc protrusions were thought to be chondromas, and several pa
pers were written about neurologic defects due to them. In the 
1920s, Schmorl started examining the spine at every autopsy and 
observed disc protrusions but stated (wrongly) that they did not 
produce neurologic deficits. Only after Joe Barr’s paper (repro
duced in Chapter 7) in the early 1930s did people accept that 
these so-called chondromas were really disc protrusions and could 
damage roots and cord.

Suprisingly, for a condition so common, it was not until the 
landmark paper by Brain in 1952 that disc protrusion, cervical 
spondylosis, radiculopathy, and myelopathy were put together. De
compression, foraminotomy, and fusion have become areas of rapid 
evolution.

THE NEUROLOGIC MANIFESTATIONS OF 
CERVICAL SPONDYLOSIS

W. R. BRAIN, D. NORTHFIELD, M. W ILKINSON,
1952

“Forty-five cases o f  cervical spondylosis have been investi
gated. In  38  cases the spinal cord was compressed: in  the re
m ain ing  seven cases the nerve roots only. The p rim ary  lesion is 
a degeneration o f  the cervical discs, to which the changes in the 
bodies o f  the vertebrae an d  the neurocentral jo in ts  are secondary. 
The intervertebral disc is the site o f  a degeneration which evokes 
an osteophytic reaction in the bodies o f  adjacent vertebrae. The 
pathological lesion responsible fo r  radicular sym ptom s is de
scribed as a root-sleeve fibrosis.”

The paper is long and pictures the spinal cord indented by 
transverse bars.

SURGERY FOR THE CERVICAL SPINE
1864 Boudof drains an abscess from the front.
1891 Hadra in Texas fuses C6-C7 for a dislocation in a child.
1900 Louis Pilcher in New York tries to reduce a C1-C2 dislo

cation.
1910 Mixter and Osgood write about C1-C2 instability and

reduction.
1928 Stookey reports difficulty in removing “chondrom as”

through a posterior transdural approach. They were bulg
ing discs.

1937 Gallie in Toronto popularizes C1-C2 fusion with wire
and ilium.

1942 William Rogers of Boston uses traction, fracture reduc
tion, and interspinous wiring.
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1951 Scoville and others write up 115 operative cases of poste
rior cervical discotomies.

1953 Mason: osteotomy of the cervical spine for ankylosing
spondylitis

1955 Robinson and Smith in Baltimore report anterior dis-
cotomy and fusion.

1957 Perry and Nickel in Los Angeles—halo cast
1958 Ralph Cloward of Honolulu uses a circular graft for ante

rior body fusion.
I960 Bailey and Badgley in Ann Arbor describe anterior fusions

at multiple levels.
1960 Anterior discotomy without fusion by Hirsch in Sweden
1960s on There have been new  approaches and many kinds of

plates and screw methods developed—this book is about 
history, not current events, so I will stop here.

1961 Garrett—halo vest
1971 Hattori laminoplasty for ossification of the posterior longi

tudinal ligament
1978 Brooks and Jenkins improve the Gallie technique.

Jorg’s brace for torticollis. Leipzig, 
1810 .

Xo**ticollis

Congenital muscular torticollis is common, and one of the first 
patients is said to have been Alexander the Great (354 b c )  because 
statues of him show head tilt—but this was a popular classical 
pose. A Dutch surgeon, Isaac Minnius, in 1652 carried out one of 
the first tenotomies for this condition. It would not be a place I 
would choose to start to do a tenotomy. Soon afterward Daniel 
Florianus tied a 14 year old boy to a chair and divided the tendon, 
which gave way “with such a snap as if one had plucked the string 
of a musical instrument.” Hendrik van Roonhuyse in 1670 started 
to cut from inside outward because of all the pipes nearby. This ♦  Johann Christian Gottfried Jorg 

operation was popular with fairground practitioners. All kinds of 
retentive splints were invented, leading Sayre to write in 1876:
“Nearly all the complicated machinery which you may have seen 
in the shops for correcting wry-neck is of no use whatever.”

Tubercu losis o f the C erv ica l Spine

Old books are full of pictures of suspension of the head—like 
the one at the beginning of this chapter—because tuberculosis of 
the cervical spine was common. Today we see children with other 
kinds of instability walking around holding their head with their 
hands.

The Le Vacher Brothers: Franqois-Guillaume 
(1732-1816) and Thomas (1738-1790)

Franqois-Guillaume devised the jury mast seen at the beginning 
of this chapter and the Minerva cast. Thomas wrote a book about 
scoliosis and invented an extension chair with vertical traction and 
lateral pressure straps. ♦ Franyois-Guillaume Le Vacher
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Klippcl-Feil Syndrom e

A CASE OF ABSENCE OF CERVICAL 
VERTEBRAE WITH THE THORACIC CAGE 

ARISING TO THE BASE OF THE CRANIUM 
(THORACOCERVICAL CAGE)

MAURICE KLIPPEL AND ANDRE FEIL, 1912

‘Anatom ists have been interested in  the study o f  variations 
fo r  a very long time; bu t while form erly no special importance 
was attached to them other than caprices o f  nature, since Etienne 
Geoffroy St-Hilaire, a rational explanation has been sought fo r  
such occurrences. They are presented as variations o f  the hum an  
type which is no t ye t fixed, varying between w hat form erly existed 
a nd  w hat we are to become, b u t evolving constantly toward a 
being more simple a nd  more perfect.

“The syndrome which we report is an extremely rare exam
ple, perhaps unique, o f  a varian t o f  the thoracic vertebrae, with  
congenital absence o f  the neck a n d  the cervical vertebrae, ribs 
rising to the base o f  the skull to the degree tha t perm its us to 
refer to a cervical thorax.

O bservation

“Joseph, age 46, a tailor by profession, came to the Hospital 
Tenon on December 13, 1911, fo r  pleurisy w ith pu lm onary con
gestions an d  nephritis. On the first physical exam ination his 
appearance was striking. He appeared to have no neck; the head  
seemed to rest on the trunk. His appearance was quite unusual; 
there was absence o f  a neck, the head resting on his trunk  
astonished us. Nothing in his history or heredity had the least 
connection with this anomaly. The p a tien t did no t know  whether 
the condition had  been present a t birth, he only knew  that a t  
about 7 years o f  age he had gone to a doctor who suggested an  
operation. A t tha t tim e he presented apparently, besides the ab
sence o f  a neck, a m arked deviation o f  his head to the left, 
enough so that his ear touched the shoulder. This inclination  
lasted to the age o f  12, slowly disappearing.

“His hair line w en t fa r  down, occupying a triangular surface 
reaching to the third dorsal spinous process.”

[He died of nephritis and the autopsy description follows.]

“V ertebral Column. There is a dorsolum bar scoliosis, con
cave laterally to the left.

“The first spinous process, the nearest to the cranium, is a 
bit larger, bu t especially larger than those below. I t appears as i f  
two spinous processes were soldered to each other. This process is 
separated fro m  the occiput by a depression which increases with  
the head in hyperflexion a n d  dim inishes w ith the head placed in 
extension.

“There is a  total absence o f  cervical vertebrae. There is no 
atlas, no axis, an d  tha t p ivo t which fo rm s the odontoid process



Chapter 8  ♦ Cervical Spine and Whiplash 201

o f  the axis is partly  replaced by the interval which separates the 
occiput a nd  the first spinous process.

“This explains the lim itation o f  m ovem ent o f  the head fo r
w ard an d  backward, giving the impression o f  an  articulation  
fo rm ed  o f  two elements w ith the am ple m ovem ent o f  a flexible  
vertebral column. The m ovem ent o f  the head is limited. Arm s  
a nd  legs are slightly atrophied b u t retain their norm al move
ments . . . .

“R oentgenography. The X-ray image is entirely characteris
tic. I t confirms the complete absence o f  the cervical column. All 
the cervico-dorsal vertebrae carry ribs. The insertions o f  the first 
two ribs are so high tha t it is difficult to clearly see them attached 
to the vertebral column, they are partly hidden by the inferior 
maxilla in front, a n d  by the base o f  the occiput behind.

“The radioscopic exam ination, like the clinical exam ination, 
reveals a thoracic cage reaching to the base o f  the skull, occupied 
entirely by the two lungs whose superior lobes appear to mold  
themselves a t the su m m it o f  the cage.

“Our p a tien t is no t only a curious example o f  an  exceptional 
form ation, b u t also serves as a deformity requiring clinical classi
fication.”

Maurice Klippel (1858-1942) was attending neurologist at 
Hopital Tenon in Paris, and Andre Feil (b 1884) was his “intern” 
(today, probably resident) at the time this famous report was pub
lished. A rewriting of it appeared later that year in the Bulletin o f  
the Anatom ic Society o f  Paris (87:185, 1912).

In the latter third of the 19th and turn of the 20th century, 
comparative morphology was one of the most active disciplines in 
the scientific world of Europe, and the French were the leading 
exponents. Names such as Cuvier, Button, Geoffroy St-Hilaire, and 
Lamarck dominated the field and they sought to explain congenital 
malformations as links to an animal past. In this context, Klippel 
and Feil’s report transcended the importance of a merely unique 
case. In the study of human congenital deformities, even as late as 
the 1930s, every attempt was made to relate them  to some atavistic 
or ontologic precedent. In the present case the authors stress the 
fact that it bore no such relationship and suggest other possible 
causes for congenital deformity. Human genetics had not yet be
come a mature science.

Chapter references are located in Chapter 26.





♦  C h a p t e r  N i n e

Jnfcctiow

Infection was a frequent killer before antibiotics. One third of 
children died of infection, and the social impact was that parents 

did not dare to love them  so much as they do today. Deaths of 
parents left many orphans and stepchildren. All kinds of infections 
spread as epidemics.

Today’s major causes of death—heart disease, cancer, and 
traum a—w ere rarities. Staphylococci killed quickly and tuber
culosis—the White Death—slowly. Bone and joint infections were 
seldom cured. Today, in the Third World this situation still persists, 
and patients with infections may fill a quarter of orthopaedic beds.

Norman Bethune, a Canadian sur
geon, on his deathbed. Septicemia 
followed cutting his finger while op
erating on an infected patient. He 
was a surgeon w ith Mao in China 
in 1939.

I remember building plaster beds 
for patients with spinal infec
tions. The book, called “Nangle’s 
Jangles,” was indispensable and 
was the high-water mark of in
ventiveness. From Nangle EJ: In
strum ents and Apparatus in Or
thopaedic Surgery. Oxford: Black- 
well, 1951, Fig 791, p 90. Repro
duced w ith permission.
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Norman Bethune (1890-1939). A Canadian hero, the subject of a chapter in Chair
m an Mao’s Little Red Book. He trained as a surgeon in Montreal and w ent to China 
as an Army surgeon during the revolution. He was a firebrand and endured hardship. 
He was operating fast as the bom bardm ent grew closer, cut his finger, dipped it in 
iodine, and worked on. Soon he died—because these were the days before antibiot
ics. Though human immunodeficiency virus (HIV) worries us today, the risk is less.

Until the 1950s, tuberculosis sanatoria were huge and were 
filled with spine and joint cases that employed many orthopaedic 
surgeons. The old image of an orthopaedic hospital was a hospital 
in the country where stay was measured in years and the patients 
were pushed outside all day, come rain or shine. The reduction in 
the length of stay that we have achieved with antibiotics for tuber
culosis and osteomyelitis makes the reductions achieved by man
aged care today look minor.

Antibiotics have saved lives and have reduced disease. Chronic 
infection used to debilitate patients for months.

Surgeons who cut their fingers when draining abscesses were 
at risk of septicemia, leading to a severe illness or death. Paget 
thought he was going to die; Bethune did.

T w bei'cw losis

Tuberculosis (TB)—“The Captain of the Men of Death”—was 
long a problem that was made worse during the Industrial Revolu
tion by the move to the cities and the overcrowding. A hacking 
cough filled a house or workplace with bugs enough to kill every
one around. Tuberculosis was the cause of 20 to 30% of deaths, 
and most patients with TB died. The treatment of bone and joint 
TB formed a large part of orthopaedic practice. With improved 
living standards and segregation of infected cases in sanatoria, the 
incidence began to fall, before streptomycin came on the market. 
In the 1950s, however, there were still many huge sanatoria, and
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TB invalided a small proportion of medical students every year. 
Every orthopaedic ward had a patient with tuberculosis.

Effective treatment has eradicated TB from the First World, 
but it has always remained in the Third World and is becoming 
more common again because of human immunodeficiency virus.

TIMELINE OF TUBERCULOSIS
Paraplegia

300 b c  Hippocrates
1610 Dalechamps—early description
1610 Severinus—De Recondite Abscessum Natura, Naples, 1610 
1744 Platner describes gibbus.
1779 Percival Pott provides such a clear description of paraplegia 

that it is called Pott’s paraplegia. The alliteration ensures 
that every medical student will remember the name.

1779 Charles Hall
1779 Jean Pierre David writes in the same year as Pott, publishing 

a book in Paris.
1871 Michaud—Paris thesis 
1880 Charcot—classic description

Pathology of Cord
1893 C. W. Burr—Patients died of paraplegia, providing this and 

the following writers the opportunity to study the histo
logic changes.

1897 V. P. Gibney
1898 W. G. Spiller 
1898 S. Rosenheim
1923 E. Sorrel and Sorrel Dejerine classification 
1935 Seddon and Butler classification

Medical Aspects
Hippocrates calls it phthisis, meaning the wasting disease, much 

the same as AIDS is called the slim disease in Africa today.
131 Galen says tuberculosis is contagious and that it is dangerous 

to live w ith consumptives.
1650 Royal Touch by a King is said to  cure TB, know n as 

scrofula.
1846 Klencke shows that cows can transmit TB—the incidence 

of human infection from drinking infected milk was reduced 
by pasteurization.

1850s Death rate is 500 per 100,000.
1861 Pasteur—germ theory of disease
1865 J. A. Villemin: TB is a specific infection that is transmissible 
1876 Dettweiller starts public sanatoria—they limit spread and 

provide better living conditions.
1882 Robert Koch discovers Mycobacterium tuberculosis while 

working as a country doctor.
1907 Jacob Riis starts to sell Christmas seals to finance TB care 

and research.
1910 Mantoux test

Box continued on following page

♦ Jean-Pierre David (1737-1784)
Professor of Anatomy and Surgery at 
Rouen and a proponent of rest for 
inflamed joints. He described tuber
culous spine about the same time as 
Pott did, 1779. His dissertation was 
on rest and movement of joints.



206 Chapter 9  ♦ Infection

1921 Immunization with BCG vaccine reduces the incidence of 
the disease.

1944 Streptomycin: Selman Waksman. In 1935 Waksman had been 
given the task of finding out w hat happened to tubercle 
bacilli in the soil. He found that saprophytic organisms 
led to their gradual disappearance but did not realize the 
significance of this. Even w hen a colleague brought him a 
culture of avian TB, which was killed by a contaminating 
mold, he did not wake up. Only when the concept of 
antibiotics was discovered did he start looking for an antitu- 
berculous organism in the soil. On August 20, 1943, he 
cultured a Streptomyces from a chicken’s throat and found 
a substance that had antituberculous activity in vitro. In 
November 1944, the first patient was treated at the Mayo 
Clinic. In 1947, streptomycin became available to the gen
eral public. In 1952, Waksman was awarded the Nobel Prize. 

1946 Lehmann—/(-aminosalicylic acid (PAS)
1952 Isoniazid had been synthesized in 1912 but was tested only 

in 1952; it was found to have antituberculous activity by 
three drug companies simultaneously 

1963 Death rate is 5 per 100,000: most sanatoria closed.

Surgical Aspects of Bone and Joint Tuberculosis

1000 BC Mummy with tuberculosis
c 300-400 b c  Hippocrates gives a description of tuberculous spine
1676 Wiseman writes on tuberculous joints.
1705 Petit book on bone disease
1744 Platner on tuberculous gibbus—surgery for tumor
1779 Jean Paul David of Paris writes description of spine

tuberculosis.
1779 Percival Pott advocates creating a draining sinus to

decompress the abscess.
1813 Baynton—rest for tuberculous spine

♦  Richard Wiseman (1622-1676)

Surgeon w ith the Royalists in the 
C ivil War in Britain. He looked after 
gunshot wounds. He had an interest 
in tuberculosis and in his chirurgical 
treatise of 1676 , entitled Several 
Chirurgical Treatises, he writes about 
tumor albus and warns against incis
ing these swollen joints.

Redressing the w ound after excision of the hip. Obviously home care was in vogue 
then too. From Sayre L: Lectures on orthopedic surgery. New York City, 1879.



Chapter 9  ♦ Infection 207

♦  Jean-Louis Petit (1674-1750)

French surgeon who used gravity to 
steady fractures— his inclined plane. 
In 1723 he wrote a book on bone 
d isease , w h ich  included  tubercu
lous spine.

Treatment of Tuberculous Limbs

The original idea was to reduce deformity and immobilize the 
limb. There were fights between those w ho used traction, immobi
lizing splints, arthrodesis, and joint excision. This was one of the 
earlier examples of the difficulty of coming up w ith a consensus or 
a research answer in orthopaedics. There were many confounding 
variables, and there was a long delay between starting the treatment 
and knowing the result.
1806
1829
1845

1845

1859
1863
1875

1901

1932
1940

Park and E F. Moreau write about joint excision. 
Syme advocates joint excision and pseudarthrosis. 
Bonnet—le grand appareil—a complete wire exo
skeleton
A. Bonnet injects cadaver joints with fluid to discover 
what position the limb takes up and where the site 
of rupture lies (book, Paris)
Bremer rest cure 
Hilton—Rest and Pain
Thomas knee splint; although the older readers will 
remember using this for fractures of the femur, it was 
designed for tuberculosis of the knee.
N. Senn (1844-1909) publishes one of the first big 
books on tuberculosis of bone and joint, in Philadel
phia.
Key—compression arthrodesis of knee 
Girdlestone hip excision in a book on tuberculosis of 
the bone

♦  John Hilton (1807-1876)

Surgeon at Guy's Hospital, who gave 
lectures entitled "Rest and Pain" in 
1862, which became a book influ
encing us still today. He advocated 
rest and immobilization for painful 
joints. This may have encouraged in
fection to localize and discouraged 
systemic spread in the days before 
antibiotics, but now that we can kill 
bacteria early, movement is the best 
way to m inimize local damage.

Treatm ent o f Tuberculous Spine

Casts and Splints
Clearly splints and casts were often unsuccessful because they 

did not get to the cause of the problem. Variable results led to many 
acrimonious disputes between the protagonists of one method over 
another—e.g., Calot, Taylor, Sayre, Goldthwait, Bradford, Thomas, 
Whitman.

Drainage
Initially very few surgeons drained tuberculous abscesses be

cause of the risk of introducing secondary infection. At first only a

Ambulant treatm ent for spinal tuber
culosis. From Sayre L: Lectures on 
O rth o p aed ic  Surgery. New York: 
1879.
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Special chair for the splint to immobilize a tubercu
lous hip. The patient sits on the sound side and rests 
the brace on the floor. From Sayre L: A Treatise on 
Orthopaedic Surgery, 1919.

few brave souls tried, but after antibiotics became available, drain
age was on. Drainage removed the pus quicker than the body could 
absorb it.

Among the originators were Menard, Ito, Risko, Capener, and 
Hodgson.

F i g . 3

Schem atic d raw ing to 
show th e  d irect m ethod 
of hone tran sp lan ta tion .

Anterior spinal fusion, 1933. From 
Ito H, Tsuchiya J, Asami G: New radi
cal o p era tio n  for P o tt’s Disease. J 
Bone Jt Surg Am 16:499-515, 1934. 
Reproduced with permission.

Fusion

A few surgeons fused the spine from behind in an attempt to 
reduce the risk of deformity and to provide immobility to achieve 
some healing. Later, anterior drainage and strut grafting w ere 
preferred—compression grafting is much sounder than tension graft
ing.
1891 Hadra advocates wiring a tuberculous spine from behind.
1893 A. Chipault uses fusion in Paris.
1902 Fritz Lange uses rods to fuse the spine.
1912 Hibbs does posterior fusion.
1914 Menard book on tuberculous surgery
1934 Hirumo Ito starts anterior debridement and strut grafting.
1938 Albee posterior strut grafts
1953 Johnson, Hillman, Southwick, etc., anterior surgery 
1956 Hodgson and Stock advocate anterior spinal surgery.

Treatment of Paraplegia
1779 Pott drainage
1881 Macewen laminectomy
1891 Lane laminectomy
1894 Meynard costotransversectomy for cord compression
1954 Capener costotransversectomy
1956 Hodgson and Stock anterior decompression
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Social Aspects

Many artists and writers had tuberculosis. Is there a link? 
Creative people with tuberculosis are thought to have been extra- 
productive because of a fevered imagination and the feeling that 
death lay ahead. If they didn’t do it now they wouldn’t have a 
second chance. There is the picture of Mimi in “La Boheme”; in 
orthopaedics there was Buckminster Brown; in poetry, Keats.

Volkmann on Hunchback

Richard von Volkmann (1830-1889) wrote fairy stories for 
his children during the Franco-Prussian War of 1870-1871, which 
eventually were printed and sold nearly a million copies in 31 
editions and 5 translations. He used a pen name, “Richard Leander,” 
which is Greek for Volkmann.

Here is one chilling example.

“Once upon a tim e there was a  w om an who had a child, a 
small pale girl who was unlike other children. When the w om an  
took her fo r  a walk, the people in the street stopped an d  whis
pered. When the little girl asked, ‘Why do they look a t m e so 
strangely?’ the m other answered, ‘Because you  wear such a very 
pretty new dress.’

“After a tim e the m other died, a nd  the child had  no one to 
take her walking. She became very pa le a nd  did  no t grow. A year  
later her fa ther remarried, a nd  the little girl fearfu lly asked i f  
she m ight accompany her stepmother shopping. The stepmother 
cruelly replied, ‘What would people say i f  they saw m e walking  
with you. You’re a hunchback a nd  m ust stay a t hom e!’

“The little girl often wondered about her hunch a nd  w hat 
m ight be inside o f  it. Since she was never perm itted  to go out o f  
doors again, she gradually grew paler a n d  weaker a nd  fina lly  
died. When an angel cam e to take her to heaven, she could not 
believe that hunchbacks go to heaven. The angel sm iled and  
showed her tha t there were two m agnificent white angel wings 
hidden in her hunch.”

SPINAL TUBERCULOSIS
HIPPOCRATES, 3RD CENTURY bc

“The vertebrae o f  the spine, when contracted into a lum p  
behind fro m  disease, fo r  the m ost p a r t cannot be remedied; more 
especially when the gibbosity is above the attachm ent o f  the 
diaphragm to the spine.

“When the gibbosity occurs in yo u th  before the body is fu lly  
grown, spinal growth stops, bu t the arm s a nd  legs are fu lly  
developed. A nd  in those cases where the gibbosity is above the 
diaphragm, the ribs do no t usually expand properly in width, 
bu t forwards, a nd  the chest becomes short, po in ted  a nd  no t 
broad. They becom e a ffected  by difficulty o f  breathing a n d  
hoarseness as the cavities which inspire a n d  expire the breath do 
not attain their proper capacity. They generally have hard a nd

♦ Hippocrates

Hippocrates, about whom  little is 
known and whose name is given to 
a w onderfu l co llectio n  of books 
written in the 3rd and 4th centuries 
b c . They are the first medical books 
of note and the most important 
works for the next two millennia. 
Most of today's a id s to treatm ent 
have com e in over the last 100 
years: for exam ple , anesthesia , X- 
rays, asepsis , an tib io tics , blood 
transfusion; these developed over a 
period that is about one-twentieth 
of that during which Hippocrates' 
works remained standard teaching. 
Yet his works were not printed until 
the Renaissance and were not trans
lated into English until the last cen
tury.

The legend is that he was born 
in Cos, an island in the eastern Ae
gean Sea off the Turkish coast, about 
460 b c  and later travelled widely, 
though living mainly in Cos, where, 
under a plane tree, he taught his 
students until his death about 355 
b c . Portraits of him exist on coins.

Hippocrates was a very critical 
observer of disease; he wrote one 
book on fractures and another on 
articulations, which repay reading. 
They are system atic w orks con
taining so much of value that it is 
difficult to itemize.
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♦ Percivall Pott (1714-1788)

Pott's father came from a London 
family who were so prolific that it 
w as a standing joke among their 
friends that although they were 
greengrocers by trade, they were the 
best Pott makers in London. Perci
va ll Pott w as a C ockney born in 
Threadneed le  Street and w as ap
prenticed to a surgeon at St. Bartho
lomew's Hospital. He obtained the 
Grand Diploma of the Barber Sur
geon's Company in 1736, and was 
appointed to the staff of St. Bartholo
mew's 8 years later. He soon estab
lished himself as a teacher and a 
humane surgeon. His writing career 
started when he was recuperating 
from an open fracture of the tibia.

He wrote a classic monograph 
on head in ju rie s  and another on 
fractures and dislocations, drawing 
attention to the importance of re
laxing the muscles that maintained 
deformity by correct positioning.

H is account of tubercu lous 
parap legia w as first published in 
1779. He recognized the tubercu
lous nature of the d isease but 
thought the paraplegia was due not 
to cord compression but to a distem
per of the area. He advised drainage 
to stop the disease from progressing 
and a llo w  bony hea ling to take 
place. He was a discursive writer, 
and this account is a curtailed ver
sion.

unconcocted tubercles in the lungs, fo r  the gibbosity a nd  swelling 
in the neck are mostly produced by such Tubercles. When the 
gibbosity is below the diaphragm in some o f  these cases, nephritic 
diseases a n d  affections o f  the bladder supervene, chronic ab
scesses that are difficult to cure occur in the loins a nd  groins, 
a n d  neither o f  these removes the gibbosity. In these cases the hips 
are more em aciated than when the gibbosity is seated higher up; 
the hair o f  the pubes a nd  chin is o f  slower growth an d  less 
developed, a nd  they are less capable o f  generation than those 
w ith the gibbosity higher up."

Pott on  Paraplegia, 1779

REMARKS ON THAT KIND OF PALSY OF 
THE LOWER LIMBS, WHICH IS 

FREQUENTLY FOUND TO ACCOMPANY A 
CURVATURE OF THE SPINE AND IS 
SUPPOSED TO BE CAUSED BY IT, 

TOGETHER WITH ITS METHOD OF CURE

“The disease o f  which I  am  to speak is a disease o f  the 
spine, producing an alteration in its natural figure, and  not 
infrequently attended with a partial, or a total loss o f  the power 
o f  using, or even moving, the lower limbs.

“From this last circumstance (the loss o f  the use o f  the limbs), 
it has in general been called a palsy, a nd  treated as a paralytic 
affection; to which it is in alm ost every respect perfectly unlike.

“The occasion o f  the m istake is palpable; the pa tien t is de
prived  o f  the use o f  his legs, and  has a deformed incurvation o f  
the spine; the incurvation is supposed to be caused by a disloca
tion o f  the vertebrae— the displaced bones are thought to make  
an unnatural pressure on the spinal marrow; a nd  a pressure on 
tha t being very likely to produce a paralysis o f  some kind, the 
loss o f  the use o f  the legs is in this case determ ined to be such. 
The truth is, that there is no dislocation, no unnatural pressure 
m ade on the spinal marrow; nor are the limbs by any means 
paralytic, as will appear to whoever will exam ine the two com
p la in ts w ith any degree o f  attention.

“In the true paralysis, fro m  whatever cause, the muscles o f  
the affected lim b are soft, flabby, unresisting, a n d  incapable o f  
being p u t  into even a tonic state.

“In  the present case, the muscles are indeed extenuated, and  
lessened in  size; bu t they are rigid, a n d  always a t least in a tonic 
state, by which the knees a n d  ancles acquire a stiffness not very 
easy to overcome. By m eans o f  this stiffness, m ixed with a k in d  
o f  spasm, the legs o f  the p a tie n t are either constan tly  kept 
stretched out straight, in which case considerable force is required 
to bend the knees, or they are by the action o f  the stronger
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muscles drawn across each other in  such m anner as to require 
as m uch to separate them: when the leg is in a straight position, 
the extensor muscles act so powerfully as to require a consider
able degree o f  force to bend the jo in ts  o f  the knees; an d  when  
they have been bent, the legs are im m ediately a nd  strongly drawn  
up, w ith the heels towards the buttocks: by the rigidity o f  the 
ancle-joints, jo in ed  to the spasmodic action o f the gastrocnemii 
muscles, the p a tien t’s toes are po in ted  dow nw ard in such m anner  
as to render it impossible fo r  him  to p u t  his fo o t f la t  to the 
ground, which makes one o f  the decisive characteristics o f  the 
distemper.

“The m ajority o f  those w ho labour under this disease are 
infants or young  children: adults are by no m eans exem pt fro m  
it; bu t I  have never seen it a t an  age beyond forty.

“I f  the incurvation be o f  the neck, a nd  to a considerable 
degree, by affecting several vertebrae, the child finds it inconve
nient a n d  p a in fu l to support its own head, a nd  is always desirous 
o f laying it on a table or pillow, or any thing to take o ff  the 
weight. I f  the affection be o f  the dorsal vertebrae, the general 
m arks o f  a distempered habit, such as loss o f  appetite, hard dry  
cough, laborious respiration, quick pulse, a nd  disposition to hec
tic, appear pretty early, a nd  in  such a  m anner as to dem and  
attention; a nd  as in this state o f  the case there is always, fro m  
the connexion between the ribs, sternum, a nd  spine, a  great 
degree o f  crookedness o f  the trunk, these complaints are by every 
body set to the account o f  the deformity merely. In an adult, the 
attack and  the progress o f  the disease are much the same, bu t 
there are some fe w  circumstances which m ay be learned fro m  a 
patien t o f  such age, which either do no t m ake an impression on 
a child, or do no t happen to it.

“A n  adult, in a case where no violence hath been committed, 
or received, will tell you, that its first in tim ation was a sense o f  
weakness in his back-bone, accompanied with w hat he will call 
a heavy dull k in d  o f  pain, attended with such a lassitude as 
rendered a sm all degree o f  exercise fatiguing; tha t this was soon 
followed by an  unusual sense o f  coldness in the thighs, no t 
accountable fo r  fro m  the weather, a nd  a palpable d im inution  o f  
their sensibility; that, in a little tim e more, his limbs were fre
quently convulsed by involuntary twitchings, particularly trouble
some in the night; that soon after this, he no t only became 
incapable o f  walking, b u t tha t his pow er either o f  retaining or 
discharging his urine a nd  faeces was considerably impaired, and  
his penis incapable o f  erection.

“The prim ary a nd  sole cause o f  all the mischief, is a distem
pered state o f  the parts composing or in im m ediate connection 
with the spine, tending to, a nd  m ost frequently ending in, a 
caries o f  the body, or bodies, o f  one or more o f  the vertebrae: 
fro m  this proceed all the ills, whether general or local, apparent 
or concealed; this causes the ill health o f  the patient, and, in 
time, the curvature. The helpless state o f  the limbs is only one 
consequence o f  several proceeding fro m  the sam e cause: but 
though this effect is a very freq u en t one, a nd  always affects the 
limbs in nearly the sam e manner, ye t the disease n o t having its

P o tt’s p ic tu re  o f a tu b ercu lo u s 
spine, 1779.
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origin in them, no application m ade to them only can ever be o f  
any possible use.

“The sam e fa ilure o f  success attends the use o f  the different 
pieces o f  machinery, a nd  fo r  reasons which are equally obvious.

“They are fo u n d ed  upon the supposition o f  an actual disloca
tion, which never is the case, a n d  therefore they always have 
been, a n d  ever m ust be, unsuccessful.

“To understand this in the clearest a nd  m ost convincing 
manner, we need only reflect on the nature o f  the disease, its seat, 
an d  the state in which the parts concerned m ust necessarily be.

“The bones are already carious, or tending to become so; the 
parts connected w ith them are diseased, and  not infrequently 
ulcerated; there is no displacement o f  the vertebrae with regard 
to each other; an d  the spine bends forw ard  only because the 
rotten bone, or bones intervening between the sound ones, give 
way, being unable in such state to bear the weight o f  the parts 
above.

“That is the case o f  carious spine, w ithout curvature. It most 
frequently happens, tha t internal abscesses a nd  collections o f  
m atter are form ed, which m atter m akes its way outward, and  
appears in the hip, groin, or thigh; or being detained w ithin the 
body, destroys the patient; the real a n d  im m ediate cause o f  whose 
death is seldom know n or even rightly guessed at, unless the 
dead body be examined.

“That w h a t are com m only  called lu m b a l a n d  psoas ab 
scesses, are n o t infrequently induced in this manner, a nd  there
fore when we use these terms, we should he understood to mean  
only a description o f  the course which such m atter has pursued  
in its way outwards, or the place where it makes its appearance 
externally.

“That whosoever will consider the real state o f  the parts 
when a caries has taken place a nd  the parts surrounding it are 
in  a state o f  ulceration, m ust see w hy none o f  the attempts by 
swings, screws, etc., can possibly do any good but on the contrary, 
i f  they act so as to produce any effect a t all, it m ust be a bad one.

“That the discharge, by m eans o f  issues produces a cessation 
o f  the erosion o f  the bones; tha t this is follow ed by an incarnation  
o f  the hones, by m eans o f  which the bodies o f  the vertebrae 
coalesce a nd  unite w ith each other fo rm in g  a k in d  o f  anchylosis.”

When I was a student, there were still patients with tabes and 
syphilis of bone to be seen. This was as lethal in its day as AIDS is 
today. Columbus is said to have taken smallpox to the New World 
and brought back syphilis. Smallpox killed so many in the New 
World that the Spanish conquistadors (who were immune to small
pox) could colonize without much fighting. Syphilis became such 
a problem in the Old World that this was one reason why Puri
tanism took a strong hold.

O t K c p  G r a n u l o m a t o u s



Pyogenic Infection

TIMELINE OF PYOGENIC INFECTION
c 400 b c  Hippocrates recognized that pieces of bone lost their 

blood supply and were expelled as sequestra. Fistulas 
were probed in the 15th, 16th, and 17th centuries. Illus
trations of bones w ith involucrum w ere made by Chesel- 
den and Hunter in the 18th century.

1831 Nathan Smith on osteomyelitis—a good clinical descrip
tion

1832 Brodie’s abscess—subacute osteomyelitis
1844 The w ord osteomyelitis is invented by Nelaton
1874 Tom Smith—septic arthritis
1876 The birth of bacteriology: Robert Koch, a general prac

titioner in Wollstein in East Prussia, shows that he can 
culture an organism from a diseased animal and then 
inject the culture and produce the disease afresh in an
other animal.

1878 J. Rosenbach describes the experimental production of
osteomyelitis.

1881 Robert Koch invents poured plates for culturing bacteria.
1883 Becker cultures organisms from osteomyelitis.
1893 Carl Garre classifies different forms of osteomyelitis.
1896 Lexer shows that experimental bone abscesses begin in

metaphyses after intravenous injection of bacteria,
1921 Teruo Hobo in Japan finds that organisms are trapped in 

the vessels of the metaphysis.
1922 Starr advocates drainage of acute osteomyelitis. Irrigation 

protocols
1930 W innett Orr writes a book on osteomyelitis and advocates

drainage and immobilization.
1934 A. O. Wilensky book on osteomyelitis
1935 Sulfonamides provide the first systemic bacteriostatic 

drug. Hildegard Demargsk was dying of infection. Her 
father had been testing various compounds and gave her a 
sulfa com pound as a last-ditch measure and saved her life.

1936 Report on mortality
1940 Penicillin is isolated and starts to be used for acute osteo

myelitis.
1947 Chloramphenicol

♦  Carl Garre (1857-1928)

Swiss-born, he became Professor in 
Bonn. He described 10 varieties of 
osteomyelitis: acute, chronic, multi
p le , a sc lerosing  nonsuppurative 
form that became known for him, 
and so on.

213
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A Parisian surgeon, known for his 
line joining the anterior iliac spine to 
the ischial tuberosity: if the greater 
trochanter lies above the line, the 
hip is dislocated, varus, or fractured. 
He tended Garibaldi when Garibaldi 
was shot in the ankle, and he is said 
to have coined the word osteomyeli
tis.

♦ Auguste Nelaton (1807-1873)

♦  Clarence Starr (1867-1920)

He was Chief of Surgery at the Hos
pital for Sick Children, Toronto, and 
led the Canadian Orthopaedic Ser
vices in World W ar I. He pointed 
out that radiographic changes are of 
no value in the early stages of acute 
osteomyelitis when drainage offers 
the best chance of success.

Calvin Coolidge: A m erican P resid en t (1923—1929)

In his autobiography, Coolidge blamed himself for his son’s 
death in 1924. “If I had not been President, he would not have 
raised a blister on his toe, which resulted in blood poisoning, 
playing tennis on the South Grounds.” His 16 year old son, Calvin 
Jr, was playing tennis with sneakers but without socks. The blister 
became infected and within a few days the boy died at Walter Reed 
Hospital. This story illustrates the change in outcome produced by 
antibiotics that we take for granted now.

President Coolidge was never the same again and came to be 
regarded as one of the least successful presidents. He wrote of his 
son, “When he went, the pow er and the glory of the Presidency 
went with him.”

Likewise, acute hematogenous osteomyelitis was often fatal. 
When patients survived, they usually had a lifelong discharging 
sinus. The early descriptions focus on the chronic form with de
scriptions of large sequestra and massive involucra around them, 
of a kind not seen today.

Clarence Starr was one of the first to 
advocate early operation for acute 
hem atogenous osteom yelitis. If no 
subperiosteal abscess was present, 
he advised drilling the metaphysis. 
From Arch Surg 1922, 4, 597, Fig. 18.
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Osteom yelitis

Acute hematogenous osteomyelitis is becoming quite uncom
mon as children are now treated early for the infections that would, 
in the past, have produced septicemia with seeding to the bone. 
Osteomyelitis either killed or produced the lifelong draining sinuses 
of chronic osteomyelitis. Most of the early descriptions are about 
the management of sinuses and sequestra in the survivors. Sinuses 
were probed, sequestra extracted, and abscesses laid open.

NATHAN SMITH, 1831

“Alm ost fro m  the first com m encem ent o f  the pain, there 
occurs severe sym ptom atic fever. The local affection generally 
terminates in suppuration, frequently as soon as the fo u rth  or 

fifth  day. The m atter is a t first deposited between the external 
periosteum  a nd  the bone. When the shafts o f  the long bones are 
the seat o f  the disease, there is fo rm ed  a corresponding collection 
between the internal surface o f  the bone a nd  the m em brane  
surrounding the medullary substance. This fact, which I  deem o f  
great importance, as being essential to the correct treatm ent o f  
the disease, I  have ascertained in repeated instances, by the 
operation which I  have perform ed fo r  its relief, namely, trepan
ning the bone. Very soon after the attack, the whole lim b swells, 
but there is no m arked tumefaction im m ediately in the p a r t  
affected, till after the m atter m akes its escape fro m  the perios
teum. Whenever this occurs, the extreme p a in  a n d  sym ptom atic  

fever in som e degree subside.”

B^odic's yVbsccss, ' t 8 3 2 .

AN ACCOUNT OF SOME CASES OF 
CHRONIC ABSCESSES OF THE TIBIA

B. C. BRODIE

“I  am  no t aware tha t any cases exactly sim ilar to those 
which I  am  about to relate have been recorded by authors: a nd  
as they appear to m e to throw some light on the history and  
treatm ent o f  a rare b u t very serious disease, I  am  led to believe 
that they are no t unw orthy o f  being com m unicated to the Medi
cal and  Chirurgical Society.”

♦ CASE 1
"Mr. P., about twenty-four years of age, consulted me in 
October, 1824, under the following circumstances.

"There was a considerable enlargement of the lower ex
tremity of the right tibia, extending to the distance of two or 
three inches from the ankle-joint. The integuments at this 
part were tense, and they adhered closely to the surface of 
the bone.

♦ Nathan Smith (1762-1829)

He grew up in Vermont, was appren
ticed to the local doctor, and started 
a practice before going to the newly 
opened H arvard  M ed ica l School. 
He trave led w id e ly  and p layed a 
part in establishing several medical 
schools.

James Syme amputated the leg (illus
trated) of a girl w ith osteomyelitis, 
1835. This was the involucrum with 
the sequestrum imprisoned within. 
Only in the Third World can cases 
like this be  found today. From Syme 
J: Observations in Clinical Surgery, 
2nd Edition. Edinburgh, 1862.
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♦ Sir Benjamin Brodie (1783- 
1862)

A parson's son, Brodie was born at 
Winterslow, Wiltshire. After studying 
at Abernethy's School of Anatomy 
and the Great Windmill School he 
went to St. George's Hospital as a 
pupil of Everard Hom e (who is 
mainly remembered as the man who 
plag iarized John Hunter and later 
burned H unter's m anuscripts to 
avoid being rumbled). He qualified 
in 1805 and became Assistant Sur
geon at St. George's at the age of 
24. This involved a great deal of 
clin ical work, as his chief's appear
ances w ere in frequent; further, at 
this period, outpatient departments 
were hardly a feature of hospital life.

He becam e one of the best- 
known surgeons of his day and at
tended m any prom inent people, 
inc lud in g  George IV. In 1818 his 
work on diseases of the joints ap
peared— though it does not seem 
original or fresh today, it was one of 
the early monographs and correlated 
pathologic and clin ical aspects in a 
systematic manner with the object 
of d istinguish ing among different 
types of joint disease. In 1843 he 
introduced the Fellowship examina
tion of the Royal C o llege of Sur
geons in an attempt to improve the 
education and standing of surgeons. 
In 1858 he w as President of the 
Royal Society and in the same year 
first President of the General Medi
cal Committee.

"The patient complained of a constant pain referred to 
the enlarged bone, and neighbouring parts. The pain was 
always sufficiently distressing; but he was also liable to more 
severe paroxysms in which his sufferings were described as 
most excruciating. These paroxysms recurred at irregular inter
vals, confining him to his room for many successive days, and 
being attended with a considerable degree of constitutional 
disturbance. Mr. P. described the disease as having existed 
more than twelve years, and as having rendered his life miser
able during the whole of that period.

"In the course of this time he had been under the care of 
various surgeons, and various modes of treatment had been 
resorted to without any permanent advantage. The remedies 
which I prescribed for him were equally inefficacious. Finding 
himself without any prospect of being relieved by other 
means, he made up his mind to lose the limb by amputation; 
and Mr. Travers having seen him with me in consultation, and 
having concurred in the opinion, that this was the best course 
which could be pursued, the operation was performed accord
ingly.

"On examining the amputated limb, it was found that a 
quantity of new bone had been deposited on the surface of 
the lower extremity of the tibia. This deposition of new bone 
was manifestly the result of inflammation of the periosteum at 
some former period. It was not less than one-third of an inch 
in thickness, and when the tibia was divided longitudinally 
with a saw, the line at which the new and old bone were 
united with each other, was distinctly to be seen.

"The whole of the lower extremity of the tibia was harder 
and more compact than under ordinary circumstances, in 
consequence, as it appeared, of some deposit of bone in the 
cancellous structure, and in its centre, about one-third of an 
inch above the ankle, there was a cavity the size of an 
ordinary walnut, filled with a dark-coloured pus. The bone 
immediately surrounding this cavity was distinguished from 
that in the neighbourhood by its being of a whiter colour, and 
of a still harder texture, and the inner surface of the cavity 
presented an appearance of high vascularity. The ankle-joint 
was free from disease.

"It is evident that if the exact nature of the disease had 
been understood, and the bone had been perforated with a 
trephine, so as to allow the pus collected in its interior to 
escape, a cure would probably have been effected, without 
the loss of the limb, and with little or no danger to the patient's 
life. Such, at least, was the opinion which the circumstances 
of the case led me to form at the time; and I bore them in my 
mind, in the expectation that at some future period I might 
have the opportunity of acting on the knowledge which they 
afforded me for the benefit of another patient."

After the operation the patient suffered a reactionary hemor
rhage and became delirious, dying on the fifth day. Brodie goes
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on to describe two further cases: he trephined both and both 
healed.

Here is Brodie’s operation note of one of these.

“A crucial incision was m ade through the skin, the angles o f  
which were raised so as to expose a p a r t o f  the bone above the 
inner ankle, to which the p a in  was especially referred. A small 
trephine was then applied, a nd  a circular portion o f  bone was 
removed extending into the cancellous structure. Other portions  
o f  bone were removed w ith a narrow chisel. A t last abou t a dram  
o f  pus suddenly escaped a nd  rose into the opening m ade by 
the trephine an d  chisel. On fu r th er  exam ination a cavity was 
discovered fro m  which the p u s  had flowed, capable o f  adm itting  
the extremity o f  the finger. The inner surface o f  this cavity was 
exquisitely tender; the p a tien t experiencing the m ost excruciating  
p a in  on the gentlest introduction o f  the probe into it.

“From the tim e o f  the operation, the peculiar p a in  fro m  
which the p a tien t had  previously suffered, was entirely relieved: 
a nd  it was not long before he was quite restored to health, a nd  
able to w alk a nd  pursue his occupations w ithout interruption. I  
have seen him  lately, nearly two years fro m  the tim e o f  the 
operation having been performed, and  he continues perfectly 
well!’

ON THE ACUTE ARTHRITIS OF INFANTS
TOM  SMITH, 1874

“There have come under m y observation during the last few  
years several cases o f  acute articular disease in  infants, which 
differ so m uch in their progress a n d  result fro m  any o f  the 
recognised jo in t  affections o f  childhood, tha t they seem to me to 
need w hat they have no t hitherto received, namely, a special 
description.

“The disease to which I  propose to direct attention, and  
which I  shall call the acute arthritis o f  infants, probably owes its 
distinctive features more to the tim e o f  life a t which it occurs 
than to any essential difference between it a n d  other recognised 
joint-affections.

“It occurs, so fa r  as m y experience extends, w ithin the first 
year o f  life, a nd  is characterised by the suddenness o f  its onset 
and  the rapidity o f  its progress a nd  term ination, whether the 
latter be o f  a fa ta l or a favourable kind. I t is very dangerous to 
life, an d  intensely destructive to the articular ends o f  the bones, 
which, o f  course, a t this period o f  life are largely cartilaginous. 
Lastly, I  would m ention as a fea ture o f  the disease, tha t it rarely 
produces anchylosis, bu t leaves a child w ith a lim b shortened, by 
loss o f  p a r t o f  the articular end o f  some bone, a nd  with a 
weakened, flail-like joint.

“I  have kept notes o f  m any cases o f  the disease, twenty-one o f  
which are here reported— they will serve to illustrate its principal 
characteristics.

“The fa ta l cases here reported, ivith one or two exceptions, 
are deficient in one im portant feature, namely, in the absence o f

♦ Sir Thomas Smith (1833-1909)

Born in Kent and trained at St. Bar
tholomew's Hospital, Thomas Smith 
w as later a surgeon there and at 
G reat O rm ond Street. He w as a 
good and kindly man, who had no 
wish to write textbooks. He once 
said, "It is the men who don't get 
the cases w ho w rite  the books 
about them."

His description of septic arthri
tis of infancy was written while he 
w as an outpatient assistant at St. 
Bart's. He also described xanthoma
tosis of bone (Hand-Schuller-Chris- 
tian disease) in 1865, long before 
this triumvirate noticed it.
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Amedee Bonnet injected joints in 1840. Injecting the hip causes flexion. He showed 
that effusions accounted for the position taken by infected joints.

♦ Amedee Bonnet (1809-1858)

Chief surgeon at Lyons, France, who 
wrote two books on joint disease, 
1845 and 1860. He injected cadaver 
joints with fluid to show how that 
dictated joint position. He rested in
flamed jo in ts and produced huge 
splints. He was followed at Lyons 
by Oilier.

TUAlTfi DBS MALADIES

ARTICULATIONS

D’llIV ATLAS DE 1G PLANCHES,

TOJIE SECOND.

PARIS ,
I. I. BAILLltBE, LIBBAIBB, j CEBUER BAllilERE, LIBRAIDK,

LYON ,
Ci ia b u i  NAVY JEU.VE. l.IBIt.-EXllTEUn.

Title page of Bonnet’s book, 1845.

any exam ination o f  the viscera. This arises fro m  the fa c t that 
m ost o f  the infants were out-patients, and  that consent to exam 
ine the local disease was only obtained on the express condition 
tha t the body should not be opened.

“In cases I  have to relate, the disease first attacked either 
the shoulder, hip or knee, a n d  often more than one jo in t  was 
subsequently affected in the sam e infant.

“The disease was ushered in w ith restricted movement, and  
usually flexion  o f  the jo in t  affected, follow ed by pain, swelling, 
a nd  rapid suppuration w ithin the joint; the redness o f  the skin  
was often bu t little m arked until the abscess was on the p o in t o f  
bursting. After the abscess had opened or had  been punctured, i f  
recovery took place, the discharge generally ceased to flo w  much 
sooner than is usual in ordinary cases o f  suppuration w ithin the 
cavity o f  a joint. When death occurred, it resulted fro m  exhaus
tion fro m  local suppuration, or, as one m ay believe in certain 
cases, fro m  this, together w ith a general condition o f  pyaemia, 
w ith secondary affection o f  internal organs.

“On post-mortem exam ination, I  have fo u n d  in all instances 
a considerable a nd  rapid loss o f  substance in the articular end  
o f  one o f  the long bones entering into the jo in t affected. In  some 
cases this absorption or ulceration has proceeded fro m  the jo in t  
surface towards the deeper parts. In others, the destruction o f  
tissue had  com menced in abscess w ithin the articular end  o f  the 
bone, which, after excavating a nd  destroying more or less o f  the 
interior o f  the bone, h ad  burst into the jo in t by a small opening 
near the m argin o f  the articular cartilage. In Case III, the exis
tence o f  subarticular abscess was firs t discovered accidentally in 
m aking  a section o f  the bone. I  cannot doubt that, in times gone 
by, when I  was unaware o f  this peculiar pathological condition, 
I  have overlooked m any instances o f  subarticular abscess from
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neglecting to m ake a section o f  the bone in cases o f  suppuration  
w ithin jo in t  cavities.

“I t  seems that in m any cases, the form ation  o f  a subarticular 
abscess in the bone m ust have been the first step in the jo in t  
affection, since, while the articular end o f  the bone was exten
sively excavated, the aperture through which the abscess had  
burst into the jo in t  was a mere pin-hole, a n d  though the jo in t  
contained pus, the articular cartilage was apparently healthy.

“The fo llo w in g  case w ill serve to illustrate the ord inary  
course o f  the disease in  a well-marked case.”

♦ CASE 2—Arthritis of the Knee in an Infant Four 
Weeks Old— Extensive Destruction of the Condyloid 
End of the Femur
"I saw Joseph Palmer at the Children's Hospital on March 21, 
1866. He was four weeks old, and was the first child of 
apparently healthy parents. At his birth instruments were used, 
but no traction by the legs was employed. Four days after 
birth the left knee was noticed to be permanently flexed, and 
soon afterward the joint became swollen. When I first saw the 
child he was very ill, and the knee-joint was distended with 
pus; the abscess was opened, and a large quantity of matter 
escaped, and in a few days the child died.

"I have given the name subarticular abscess to abscess 
cavities formed beneath the articular cartilage, either in the 
cartilaginous or osseous structure of the end of the bone.

"On post-mortem examination the knee-joint was found 
full of pus, the cartilage over the tibia was healthy in appear
ance, as was also that covering the patella and external con
dyle of the femur. There was a large ragged hole in the 
cartilage of the internal condyle, large enough to admit one's 
finger; this led into a deep excavated cavity in the bone and 
ossifying cartilage; this cavity occupied a large part of the 
articular end of the femur, of which little remained but the 
shell."

Matilda Hillory, age 14 years, from 
Iowa. She spent a year in bed with 
a tuberculous hip and discharging 
sinuses. On 3 July 1862, Sayre ex
cised the hip, and she was able to 
go hom e 20 November 1862 with 
good h ip  m ovem en t and a 1-inch 
raise. She had gained 20 pounds in 
weight. Four years later she w rote 
that she “could run and dance as 
w ell as any girl in  Iowa.” From 
Sayre, 1879.
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OTHER INFECTIONS
Syphilis

In the past this often caused large holes in bones (due to 
gumma) and neuropathic joints, particularly the knee, which were 
treated by fusion, often unsuccessfully.
1530 Frascatoro—poem  on syphilis
1905 Treponema identified by Schaudinn
1945 Penicillin eradicates the problem.

Leprosy
Leprosy is due to an infection that damages the peripheral 

nerves, leading to paralysis, contractures, and loss of sensation. 
Ulcers followed, and loss of digits. It has been a worldwide problem.

Leprosy is mentioned in Bible: Leviticus, Chapters 13 and 14, 
Miracles in Luke 5:1.
1200+ In the Middle Ages, lepers were outcasts. A funeral service 

was read over them after diagnosis and they became the 
original “living dead.”

1500+ Many leprosy hospitals provided lepers with a home and 
excluded them from society.

1873 The organism of leprosy is discovered in Norway by Arm- 
auer Hansen, hence the euphemism, Hansen’s disease.

1921 Carville Leprosarium opened in the United States to central
ize cases—closed in 1995.

1960s Operations done to  improve hand function and foot- 
ware provided to reduce neurogenic ulcer problem. Sul- 
fones are cheap and safe and are eradicating leprosy from 
all but the poorest countries.

1990s There is still a training institute in Ethiopia to teach case 
finding, for treatment, and to provide orthopaedic care.

Chapter references are located in Chapter 26.
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Much o f th e  early  su ccess  fo r o r th o p a e d ic s  cam e from  
tenotomy—as big a success in the last century as hip replace

ment is in this century. This success went some of the way toward 
levering orthopaedics free from general surgery. Today, neuromus
cular disease has lost much of its importance because of the 
conquest of polio. Traumatic paraplegia is perhaps the major chal
lenge, although surgical treatment plays only a small part.

Do not forget that muscle is the tissue that was the catalyst of 
our way of life. Galvani, an anatomist in Bologna, used muscle to 
show the existence of electricity in 1791. Without this we would 
still be living life simply. It is hard to imagine a world, or even 
medicine, without electricity.

Famous Patients

Richard HI was born feet first with a hemiplegia. Shakespeare 
has him speak thus,

Deformed, unfinished, sent before m y time
Into this breathing world, scarce h a lf m ade up,
A n d  that so lamely a nd  unfashionable
That dogs bark a t m e as I  ha lt by them

Tamberlane, or Timur the Lame (1336-1405), was named 
because his left side was disabled. This Turkoman Mongol con
queror created an empire that extended from India to the Mediter
ranean.

Franklin Delano Roosevelt (1882-1945) came from a distin
guished family and studied at Harvard, becoming a lawyer and 
senator before being nominated as Democratic candidate for the 
vice presidency in 1920. The Republicans won, and he returned to 
business. In August, 1921, he w ent on a family holiday to Campo- 
bello Island in New Brunswick. One day he helped fight a forest 
fire, jogged home, and went for a swim. (The day before, he had 
visited a boys’ camp.) The next day he had a fever and leg pain 
that progressed to paralysis. Eighty-three year old Professor Keen 
said it was a blood clot on the spine and sent in a bill for $600. 
Robert Lovett of Boston was summoned, who diagnosed polio. In 
secrecy Roosevelt was moved by private railway coach to New 
York. It was a year before he was up and about. His illness, said

Is this polio? A stele from Egypt 
dated about 2000 b c  and now  in Co
penhagen.

♦  F. D. R.

221
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his wife, was “a blessing in disguise; for it gave him strength and 
courage he had not had before.”

He developed contractures and had wedging casts. Later he 
used long leg braces to stand, and he needed help getting up from 
a chair. He could take only a few steps by pelvic hitching, using 
trunk muscles. He ran as a Democratic candidate for governor of 
New York in 1928 and told the press not to take pictures of him 
in a wheelchair or being lifted out of a car. Throughout his life this 
request was respected (or photographers had the film exposed by 
the Secret Service agents), and the public had no idea that he was 
so weak. “It is just as much a State duty to provide medical help 
as the providing of education,” he said in one speech. He was 
president from 1933 until 1945. He expended much effort to 
conceal his disability on the one hand and to promote care for the 
handicapped on the other.

T he E lep h an t M an. The story of Joseph Merrick is well 
known because of a movie called “The Elephant Man.” He was 
born in I860, and gradually his skin became thick, with folds. The 
original diagnosis of neurofibromatosis has been replaced by a 
diagnosis of the Proteus syndrome. He spent time in a freak show 
and was then befriended by a surgeon and lived his last years in 
The London Hospital. His story is well told in a short book; his 
autobiography ends with this poem:

Tis true m y fo rm  is som ething odd,
B u t blaming m e is blam ing God,
Could I  create m yself anew  
I  would no t fa il  in pleasing you.
I f  1 could reach fro m  Pole to Pole 
Or grasp the Ocean w ith a span 
I  would be measured by the soul:
The M ind’s the measure o f  the Man.

Joseph Merrick as a child.
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TIMELINE O F N EUROM USCULAR DISEASE
170 Galen experiments on cutting the spinal cord of pigs—com

plete section and hemisection.
1546 Estienne describes syrinx in book published in Paris.
1671 Willis—hysteria
1791 Galvani discovers electricity through muscle twitch.
1824 Ollivier d ’Angiers coined the term  syringomyelia.
1855 Duchenne uses electricity to diagnose and treat patients.
1855 Muscular dystrophy: Duchenne describes various kinds. Earlier 

descriptions by Conte in Naples and Meryon in the United 
Kingdom

1860 Brown-Sequard describes the clinical features of hemisection 
of the cord in English.

1861 Little—cerebral palsy
1862 W. Gull—syringomyelia
1863 Friedreich ataxia—picture of feet by Bouchard and Brissaud 
1867 Duchenne—Physiology of Movements; founded kinesiology 
1872 Mitchell—erythromelalgia
1875 Simon—syrinx
1879 Gowers’ sign of muscular dystrophy
1886 Charcot-Marie-Tooth disease—now known as hereditary motor 

sensory neuritis 
1886 Strumpell—hereditary spastic paraplegia 
1891 Spinal muscular atrophy 
1900 Amyotonia 
1916 Guillain-Barre paralysis
1972 Brock and Sutcliffe—alpha-fetoprotein to screen for spina bi

fida
1991 Medical Research Council Report: Folate prevents spina bifida.

" P o l io m y e l i t i s

Polio is the only disease that produces epidemics of sudden 
paralysis followed by muscle wasting in young people. One may 
think it has existed since the beginning of time. However, the 
disease was described recognizably only about 200 years ago, and

BEOBACHTENGEN

j .f tim m n g sa n s ta n d e  t ie r  n n t e r n  E x tre -  
m ita te n  a n d  d e re n  B eb an d lan g -.

S. H e in e ,

Mit 7 SteairBcktafcln.

Title page of Heine’s book, 1840. ♦  Jacob Heine (1800-1879)
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only later were epidemics described. Polio may have come on the 
scene like HIV has in our generation. Now it is on the way out. A 
blip in human history.

Polio was everywhere until the 1950s and taught most ortho
paedic surgeons everything they needed to know about neuro
orthopaedics. It was the University of Elective Orthopaedics. All the 
principles were worked out on polio. Since then the tide has been 
going out and one has to travel to the Third World to see new cases. 
In the 1960s I did a polio clinic before breakfast most mornings.

® ! v  a t i t >  H l a i l

T O R O N T O .  W E D N E S D A Y .  A U G U S T  4 . 1 937 .

Spends Twenty-seventh Birthday in "Iron Lung"

Polio often made front page news 
w hen epidemics swept through. As 
appeared in the Toronto Globe and 
Mail, 4 August 1937.

brought home from China, where he contracted the disease 400 days 
ago. Young Snlte appeared cheerful and joked with his Chinese 
nurses who have cared for him since he Was stricken.

This picture of Frederick Snlte Jr., Infantile paralysis victim, 
as he observed his twenty-seventh birthday in Iron lung at hospital 
was taken by his father and Is the first since the youth was
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400 b c  

1772

1789

1813
1828

1840

TIMELINE O F POLIOM YELITIS
5000 b c  Adult w ith a  wasted calf and equinus pictured in an Egyp

tian tomb and generally assumed to be polio 
Not mentioned by Hippocrates!
Walter Scott, later to become a famous Scottish writer, has 
a fever followed by paralysis at the age of 18 months. He 
is left w ith an atrophied leg and foot deformity for life. 
This may be the first docum ented case.
Michael Underwood (1738-1810?) of London writes a pedi
atric text in 1784 that goes through 25 editions. In the 
second edition of 1789 he describes the clinical picture for 
the first time.
Monteggia believes that his description is the first.
J. Abercrombie reasons that it is a lesion of the anterior 
horn cell.
Jacob Heine, member of a family with several generations 
of orthopaedic surgeons—they founded one of the first 
orthopaedic institutes at Cannstatt near Stuttgart, 
Germany—writes a 78-page monograph on polio. His treat
ment w ith exercises, simple operations, and braces remains 
unchanged in principle until polio is eradicated more than 
100 years later. Leg irons remain unchanged until they are 
replaced by plastic braces in the early 1970s.
C. F. Taylor, New York physician, publishes a 119-page 
book: Infantile Paralysis and Its Attendant Deformities. 
Charcot demonstrates the lesion in the anterior horn cells 
of the spinal cord.
Adolphe Kussmaul names it: polio =  gray, myelos = spinal 
cord, -itis = inflammation of.
Epidemics of polio begin to be noticed—particularly in 
Scandinavia: Bull, 1868, in Norway; Bergenholtz, 1881, in 
Sweden; Medin, 1887, in Sweden.
Epidemics in Boston and Vermont
During the next 60 years many operations are invented for 
polio and are found to be useful for other problems. Polio 
surgery provides the training for orthopaedic surgeons and 
stimulates the organization of a nationwide charitable or
thopaedic service.
Huge Scandanavian epidemic of 1000 cases 
Landsteiner and Popper in Vienna show that an extract of 
the cord from a fatal case will cause the disease when 
injected into monkeys. They later prove it is a virus. This 
is the same Landsteiner who had discovered blood groups 
in 1901.
Simon Flexner and P. A. Lewis produce experimental polio 
and find antibodies that neutralize the virus. They believe 
that immunization is just around the corner. In fact it is 40 
years away.
Multiple epidemics, and several false trails are explored. 
FDR has polio.
Georgia Warm Springs Foundation starts as a philanthropic 
organization. Later it became a research foundation and 
was replaced by The National Foundation for Infantile Paral
ysis in 1938. President Roosevelt took office in 1933 and 
was its inspiration. The Foundation pioneered news re- 

Box continued on following page

1867

1870

1875

1881

1893-
1895

1905
1908

1910

1921
1927

♦ Michael Underwood
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♦  Albert Sabin

He was born in Poland in 1906 and 
came to the United States aged 15 
years. He studied medicine at New 
York University and became a bacte
riologist fascinated by polio and the 
epidemics that swept through New 
York. He worked at the Rockefeller 
Institute and then at the University 
of Cinncinati. During World W ar II 
he was in the Medical Corps work
ing on im m unization  of troops 
against other viral diseases. Studies 
were done on citizens of the occu
pied countries in the postwar years. 
He favored living attenuated viruses 
for immunization. He later develops 
and runs trials on live polio vaccine, 
but it did not take off until 1957 
when W H O  called a meeting of its 
polio committee and international 
tria ls  started. M any of these tria ls 
would not receive ethical approval 
today. Does this make important ad
vances less likely?

♦ Jonas Salk

In 1914 he was born in New York 
C ity  and graduated in M ed ic ine 
from New York University in 1939. 
He becom es a bacterio log ist and 
takes part in large Army trials of a 
formalin-inactivated influenza vac
cine before working on poliomyelitis 
virus typing. He moves to the Uni
versity of Pittsburgh. He carried out 
the first trials on children convalesc
ing from po lio— som ething that 
would be banned today.

An Australian nurse in the Outback. 
Alone, and knowing little about pa
ralysis, she massaged and moved the 
painful limbs of her patients with 
acute polio. This was the opposite of 
conventional wisdom— splinting the 
limbs to prevent contractures. Like 
Florence N ightingale, she pressed 
on and became a world-famous cru
sader for what is now called alterna
tive medicine. She emerged on the 
A m erican  scene in 1942 and 
founded the Elizabeth Kenny Insti
tute in Minneapolis.

♦  Sister Kenny (1890-1952)

leases about medical breakthroughs to capture public atten
tion and promote donations.

1929 Phillip Drinker at Harvard develops the iron lung and initi
ates an era of assisted ventilation, which we see in intensive 
care units today.

1940 Sister Kenny (1890-1952) comes to the United States from 
Australia. She is a nurse on a crusade to start moving 
paralyzed limbs early—contrary to the views of the ortho
paedic establishment. Much controversy results. Survived 
by the Kenny Institute in Minneapolis.

1940s Max Theiler attenuates polio virus.
1951 National Foundation forms a Committee on Immunization 

to use information from several attempts to make a vaccine.
1952 Tissue culture of polio virus in large amounts in Toronto 

provides the raw materials for a vaccine.
1953 Jonas Salk publishes a pilot trial of a vaccine prepared from 

formalinized dead poliovirus. It required injection.
1954 Field trial of the vaccine is a success. The formal trial is 

completed without incident; however, some children not 
in the trial develop polio soon after injection, giving the 
public reason for second thoughts.
The incidence of paralytic polio in the United States drops 
from 14 per 100,000 in 1954 to 0.5 per 100,000 in 1961.

1962 Sabin had developed an oral live vaccine—attenuated
through cell passage—about the same time as the Salk dead 
vaccine, but there was fear that it might become virulent. 
In 1962 a license was issued for general use, and it becomes 
the preferred vaccine.

1970 Polio largely disappears except in the Third World where
poverty and the difficulties of getting refrigerated vaccine 
to remote areas prove too much.

2000 Rotary International plans to eradicate polio from the world
by this date by paying for vaccination programs.

Michael Underwood, 1789
“ I t  seems to arise from  debility, and usually attacks 

children previously reduced by fever; seldom those under one, or 
more than fo u r  or five years old .. .  the first thing observed is a 
debility o f  the lower extremities, which gradually become more 
infirm, and after a few weeks are unable to support the body.
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. . .  Nothing seems to do any good bu t irons to the legs . . .  
enabling the p a tien t to walk.”

This seems like a description that might include rickets or 
tuberculosis or many other problems. It has one feature unlike 
polio. Polio usually causes sudden paralysis.

Monteggia, 1813
“ . . .  In this connection should be m entioned a certain k in d  

o f  paralysis lim ited to one or other o f  the lower extremities which 
I  have observed several times in practice b u t have not ye t fo u n d  
in the literature. I t occurs in children who are nursing, or no t 
much later; it begins w ith 2  or 3 days o f  fever, after which one 
o f  the extremities is fo u n d  quite paralysed, immobile, flabby, 
hanging down, a n d  no m ovem ent is m ade when the sole o f  the 
fo o t is tickled. The fever ceases very soon, b u t the m em ber re
m ains im m obile a nd  regains w ith tim e only an imperfect degree 
o f  strength.”

♦  Monteggia

DptKolics

They started as splints and then became braces and only in 
1953 became orthotics—from ortho, straight in Greek.

Makers of suits of armor w ere the forerunners of 
orthotists. This example was designed by Hieronymus 
Fabricius, 16th century.
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Inftrunicut 
Vein h u u tc  

Mew ,

h a r n c f b  i t i f l r u  - wTtk mm rt̂ wprirctcjj.

T urnbuckle  co rre c tio n  o f c o n 
tractures is not new. Hans von Gersd- 
orff, 1517.

TIMELINE FOR O RTH O TICS
1517 Hans von Gersdorff produces turnbuckle splints to correct 

deformities at joints.
1564 Ambroise Pare, an army surgeon, had the makers of armor 

shape sheet metal to brace the spine and foot.
1592 Hieronymus Fabricius publishes the Hoplomochlion, a com

posite of every kind of brace that can be built.
1650s Schott brothers set up scoliosis hospital.
1780 Venel starts a hospital in Switzerland for bracing the foot 

and spine.
1816 Heine in Germany builds a hospital for bracing.
1863 James Knight, founder of w hat is now called the Hospital for 

Special Surgery in New York. Formerly it was the Hospital 
for the Ruptured and Crippled. Operations were prohibited 
in favor of orthotics.

1870s Hugh Owen Thomas uses modular braces and fits them to 
each patient in a few minutes.

1940s Bunnell's hand splints
1948 American Board for Certification of Orthotists and Prosthe

tists
1964 Degree course in orthotics at New York University
1970 American Academy of Orthotists and Prosthetists

Willard’s wheeled crutch. This sick-looking boy has a short leg, a flexed hip, and 
ulnar claw hands, suggesting tuberculosis of hip and spine. From Sayre L: Lectures 
on Orthopaedic Surgery. New York: 1879.
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Ccitebi‘al Palsy 

William John Little (1810-1894)

Little’s life was largely shaped by the fact that he had polio as 
a child, resulting in a left talipes equinovarus deformity. He went 
to school in France, and after working for an apothecary for a 
while, studied at The London Hospital.

Two years after qualifying he went to the Continent, ostensibly 
to study. He had tried all sorts of mechanical contraptions to 
correct his deformity without success, and heard that Stromeyer 
was pioneering tenotomy for the condition in Hanover. Everyone 
told him it was dreadful and valueless, but after watching Stromeyer 
at work for some time, he decided that it was the treatment for 
him. He had an Achilles tenotomy, and his deformity was much 
improved. He helped in Stromeyer’s clinic for a while and then 
started to tenotomize in Germany. He wrote a thesis for an M.D. 
degree on this, and returned to England to introduce the operation 
there. He persuaded his friends to subscribe to a hospital for 
him. This became the Royal Orthopaedic Hospital, which was 
amalgamated to form the Royal National Orthopaedic Hospital 
in London.

He had wanted to become a surgeon but was deterred when 
he missed a post at The London Hospital that he had coveted. 
Instead he decided to become a physician and after a period as 
Assistant Physician was elected to the staff of The London Hospital 
at the age of 35.

He wrote on all aspects of clubfoot. He advocated tenotomy of 
any tendon producing deformity, whereas Stromeyer had divided 
only the Achilles tendon; Stromeyer called him the “Apostle of 
Tenotomy.” He also wrote on other deformities, such as knockknee 
and scoliosis; described the spastic state arising from birth damage 
of the brain, known as Little’s disease or spastic paraplegia; and 
pioneered the use of intravenous saline and alcohol for dehydration.

At the age of 53 his private practice kept him too busy to go 
to The London Hospital, and he retired from there but kept his 
practice going for another 20 years.

It is interesting that his paper on cerebral palsy was read 
before the Obstetrical Society.
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Little’s Disease, 1862

ON THE INFLUENCE OF ABNORMAL 
PARTURITION, DIFFICULT LABOURS, 
PREMATURE BIRTH, AND ASPHYXIA 

NEONATORUM, ON THE MENTAL AND 
PHYSICAL CONDITION OF THE CHILD, 

ESPECIALLY IN RELATION TO 
DEFORMITIES

W. J. LITTLE, SENIOR PHYSICIAN TO THE LONDON  
HOSPITAL; FOUN DER OF THE ROYAL 

ORTHOPAEDIC HOSPITAL; VISITING PHYSICIAN  
TO THE ASYLUM FOR IDIOTS, EARLSW OOD

“Pathology has gradually taught that the foetus in  utero is 
subject to sim ilar diseases to those which afflict the economy a t 
later periods o f  existence. This is especially true i f  we turn to the 
study o f  the special class o f  abnorm al conditions, which are 
termed deformities.

"There is, however, an  epoch o f  existence, viz., the period o f  
birth, during which, a t fir s t sight, we m ight consider tha t the 
foeta l organism is subjected to conditions so different to those o f  
its earlier a nd  o f  its prospective later existence, that any unto
ward influences applied a t this im portant juncture would affect 
the economy in a m anner different to the influences a t work 
during the periods ordinarily characterised as those o f  before 
birth an d  after birth.

Spastic diplegia depicted by Little, 1862.
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Cases of cerebral palsy with all these 
deformities are just the same today as 
w hen Bernard Brodhurst published this 
in 1871. “Figure is taken from a cast 
which I  placed in St. George’s Hospital 
Museum in which are represented almost 
every possible deformity to which spas

tic rigidity can give rise:’ The deformity 
is “dependent alone on the structural 
shortening o f the affected muscles." 
From Brodhurst B: The Deformities of 
the Human Body. A System of Orthopae
dic Surgery. London: 1871.

“The object o f  this com m unication is to show tha t the act o f  
birth does occasionally im prin t upon the nervous a n d  muscular 
systems o f  the nascent infantile organism very serious a nd  pecu
liar evils. When we investigate the evils in question, a nd  their 
causative influences, we f in d  that the sam e laws o f  pathology 
apply to diseases incidental to the act o f  birth as to those which 
originate before an d  after birth. We are, in fact, afforded another 
illustration that there exists no such thing as exceptional or 
special pathology.

“Nearly twenty years ago, in a course o f  lectures published  
in the Lancet, a n d  more fu lly  in a Treatise on Deformities, p u b 
lished in 1853, L showed tha t prem ature birth, difficult labours, 
mechanical injuries during parturition  to head a n d  neck, where 
life had been saved, convulsions follow ing the act o f  birth, were 
apt to be succeeded by a determ inate affection o f  the limbs o f  
the child, which I  designated spastic rigidity o f  the lim bs o f  new
born children, spastic rigidity fro m  asphyxia neonatorum, and  
assimilated it to the trism us nascentium  a nd  the universal spastic 
rigidity sometimes produced a t later periods o f  existence.

“It is obvious tha t the great m ajority o f  apparently stillborn 
infants, whose lives are saved by the a ttendant accoucheur, re
cover unharm ed fro m  that condition. I  have, however, witnessed 
so m any cases o f  deformity, m ental an d  physical, traceable to 
causes operative a t birth, tha t I  consider the subject worthy the 
notice o f  the Obstetrical Society. In  orthopaedic practice alone, 
during about tw enty years, I  have m et w ith probably two h u n 
dred cases o f  spastic rigidity fro m  this cause. I  om it reckoning 
the subjects o f  idiot an d  other asylums, in which probably such 
cases abound, b u t o f  which I  have been able to attain no history. 
I  revert to the subject a t the present [that has been] been recog
nised as a genuine paralysis in the firs t instance, o f  which the 
rigidity o f  the muscles has been the sequel. Before the age o f  
three or fo u r  months, though sometimes in slight cases no t until 
ordinary tim e fo r  w alking arrives, the nurse perceives that the 
in fant never thoroughly straightens the knees, tha t these cannot 
be properly depressed or separated, tha t she is unable to wash 
an d  dress the in fan t w ith the ordinary facility, tha t the hands are 
not properly used. The upper extremities recover before the lower 
limbs. Sometimes the trunk is habitually stiffened, so tha t the 
in fant is turned over in the lap “all o f  a piece]’ as the nurse 
expresses it. Occasionally the head is habitually retracted. Where 
the sym ptom  o f  convulsions or “inw ard convulsions” exists, the 
rigidity is attributed to the convulsions. In  m any cases convul
sions have been absent. Av the child approaches the period  a t
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which the first attempts a t standing a nd  progression should be 
made, it is observed to m ake no use o f  the limbs, or he is 
incapable o f  standing except on the toes, or the fe e t are disposed 
to cross each other. Even children slightly affected rarely “go 
alone” before three or fo u r  years o f  age, m any are unable to 
raise themselves fro m  the ground a t that age, a nd  others do no t 
walk, even indifferently, a t puberty. On examination, the surgeon 
finds tha t the soles o f  the fee t are no t properly applied to the 
ground, tha t the knees always incline inwardly, a nd  continue  
bent. When locomotion is accomplished, the m ovem ents are char
acterised by inability to stand still a nd  balance the body in erect 
attitude. In the best recoveries fro m  general spastic rigidity, even 
in the adult, the ga it is shuffling, stiff; each knee, by forcible  
spastic rubbing against its fellow, obstructs progression.

“The external fo rm  o f  cranium  occasionally exhibits depar
ture fro m  the norm al or average type, such as general smallness 
o f  skull, depression o f  fro n ta l or occipital region only, sometimes 
one lateral h a lf o f  skull, som etim es o f  one h a lf o f  occiput, or 
forehead only. In  slight cases the head has been well developed.

“In  cases even w ith great inertia as to exercise o f  volition in 
any p a r t o f  the body, com m on sensibility appears little, i f  a t all, 
deficient. The child often, indeed, manifests uncom m on sensi
tiveness to external impressions, even when approaching adoles
cence he is alarm ed a t trifling noises. The sleep after the first 
weeks o f  life is light, easily disturbed. Often there is extreme 
sensibility to touch, the whole condition rem inding the observer 
o f  tetanus. In a fe w  cases a distinct resemblance to severe chorea 
is perceptible.”

Sigmund Freud, 1897
Surprisingly, he wrote a 350-page book on cerebral palsy. He 

described hemiplegia beginning in infancy and genetic forms of 
diplegia. In these 350 pages there are only a few sentences on 
treatment. A true neurologist, he wrote “ Therapy o f  infantile cere
bral palsy is a p oor a nd  hopeless subject in comparison to the 
great clinical interest it has aroused.. . .  The treatm ent o f  the 
m otor disturbance lies completely in the hands o f  orthopaedic 
specialists who have reported success by severing tendons an d  by 
supporting apparatus

Christie Brown, 1954
This young boy with athetosis had his autobiography made 

into a movie, “My Left Foot.”

“I  used to lie on m y back all the tim e in the kitchen or out 
in the garden, a little bundle o f  crooked muscles a nd  twisted 
nerves, surrounded by a fa m ily  tha t loved m e and  hoped fo r  me 
an d  tha t m ade m e p a r t o f  their own w arm th a nd  humanity. I  
was lonely, imprisoned in a world o f  m y own, unable to com m u
nicate w ith  others, cut off.
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Marey calls this a geometric chronophotograph. Today Gait Laboratories produce 
similar records. From Marey EJ: Movement (trans by E Pritchard). London: 1895.

“Then suddenly it happened. I  reached ou t an d  took the stick 
o f  chalk ou t o f  m y sister’s hand— with m y left foot."

He learned to write and to paint with his foot and this opened 
up his world. Later he wrote a novel that was highly acclaimed, 
Down All the Days.

Motion Analysis

The objective recording of walking is playing a part in the 
surgical treatment of cerebral disorders. Video and computers put 
this within everyone's grasp. Muybridge was the first to take rapid- 
sequence photographs in California in the 1880s. Marey in France 
used graphing methods, and the German Army used these methods 
to improve marching and the design of knapsacks. Interest turned 
to making models with muscles to observe the amount of lengthen
ing and shortening of each muscle on moving through a certain 
angle.

Eadweard M uybridge—an eccen tric  genius w ho was originally called  Edward 
Muggeridge—invented a set of 24 cameras in 1877 that fired sequentially to freeze 
motion. He was bankrolled by a railway tycoon, Leland Stanford in California, to 
study racehorses. He later produced pictures of human movement and laid the 
foundations of cinematography and movement analysis, w hich provided many artists 
w ith ideas for paintings. From Animal Locomotion, 1887.

E tienne-Jules Marey (1 830-1904) 
was an early student of making ob
jective records. Here he records gait: 
“Pedestrian furnished with special 
shoes and carrying a cbrono- 
graphic apparatus:' From Marey EJ: 
Movement (translated by E. Pritch
ard). London, 1895.
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jVewi^ofibi'omatosis 

Robert William Smith (1807-1873)

Robert Smith was born in Dublin and studied and worked 
there, at a time when Irish medicine was very active: Stokes, 
Corrigan, Colies, Graves, and Adams set the pace. Smith was a 
surgical pathologist at heart—a great collector of specimens of 
bone pathology, especially fractures.

He founded the Pathological Society at Dublin, and when 
Colies died in 1843, Smith, at Colles’ request, performed the au
topsy, a report of which was published.

He had a small surgical practice and in 1847 wrote a very 
thoughtful book on fractures. In this he mentions the supination 

♦ Robert William Smith injury of the wrist, which is named after him, and a description of
Madelung’s deformity before Madelung described it. In 1849 he 
published a work on neuromata, which is said to be the largest 
book published in Ireland up to that time. When it is opened it is 
larger than an ordinary dining-room table. Smith wrote on neurofi
bromatosis very fully before von Recklinghausen described it in 
1882, and for this reason his account is included.

He became Professor of Surgery at Trinity College, Dublin, and 
gave up his practice to teach.

A TREATISE ON THE PATHOLOGY, 
DIAGNOSIS, AND TREATMENT OF 

NEUROMA 
ROBERT WILLIAM SMITH, 1849

“Although num erous instances o f  solitary neurom a have 
been placed on record, the annals o f  pathology contain as ye t  
bu t fe w  examples in which neurom atous tum ours have been 
developed in alm ost countless num bers throughout the greater 
p a r t o f  the nervous system: no t only connected with the deep 
seated trunks, b u t visible in alm ost every superficial nerve o f the 
body; no t lim ited to the extremities, b u t likewise involving the 
nerves o f  the great cavities; no t confined to the cerebrospinal, but 
also implicating the grand sympathetic system; not the seat o f  
pain, bu t on the contrary, the source o f  no apparent injury to 
the patient; unaccom panied by any lesion o f  innervation, even 
when such nerves as the vagus a nd  phrenic are involved from  
one extremity to the other.

‘John McCann, 35  years o f  age, was adm itted into the Rich
m ond  Hospital, under the care o f  Dr. Hutton, in 1840, having a 
large tum our on the right side o f  the neck, o f  a globular form , 
a n d  equal to a moderate-sized coconut in magnitude; it extended  
fro m  w ithin the m astoid process to w ithin a short distance o f  the 
sterno-clavicular articulation. I t presented a uniform  surface, 
a n d  adm itted  o f  being moved freely in a transverse direction, bu t 
could neither be pushed  upwards nor drawn downwards; the 
external ju g u la r  vein grooved its surface, the integum ents did  
not adhere to it nor (although it obviously extended deep into 
the neck) did  it appear to have contracted a close adhesion to
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any im portant part. I t was solid throughout a nd  had  existed fo r  
upwards o f  fifteen  years, bu t it had  never been p a in fu l nor was 
it now  the source o f  much inconvenience to the patient.

“A second tumour, about as large as a  walnut, existed under
neath the left side o f  the tongue. (Treatment was decided against.)

“In 1843 he was again taken into hospital, having on the 
day previous . . .  been fo u n d  . . .  lying upon the side o f  the road  
com plaining o f  a p a in  in the left hip. A large solid tum our was 
discovered upon the back o f  the thigh, which the m an stated had  
been growing fo r  nearly two years. I t exceeded in m agnitude the 
size o f  the head o f  the patient. Its general surface was smooth. 
Several large veins ramified beneath the integuments, which were 
not adherent to the tumour. The p a tien t suffered no acute pain. 
His general health had  undergone a m aterial alteration since the 
period o f  his first admission into hospital; he was now  pale and  
greatly em a cia ted . . . .

“Upon the day succeeding that upon which the pa tien t died  
I  m ade a careful exam ination o f  the body.. . .  The largest (tu
m our) was situated upon the posterior p a r t o f  the right thigh, 
im m ediately beneath the lower margin o f  the gluteus m axim us  
muscle; it was o f  an  oblong fo rm  a nd  considerably larger than a 
lemon. There was one upon the outer side o f  the right arm, near  
its centre, o f  the size o f  a p igeon’s egg an d  another upon the 
fro n t o f  the right forearm , im m ediately above the carpus, nearly 
as large as a h en ’s egg; they all adm itted being m oved in a lateral 
direction. The intercostal spaces upon each side, as well as the 
abdom inal parietes a nd  the right inguinal region, presented nu
merous tum ours about the size o f  large peas.

N eurofibrom atosis. R obert Smith, 
1849.

He then goes on to describe the detailed autopsy findings; he 
found 150 tumors on the right lumbar plexus and its branches, and 
similar numbers on the sciatic and brachial plexuses. One tumor 
on the sciatic nerve measured 11 by 10 inches.

“In this remarkable case the total num ber o f  tum ours ex
ceeded 800; they presented a striking uniformity, both in their 
external characters a nd  the internal structure; their fo rm  was 
oval or oblong; their colour, a yellowish white; they were solid, 
a nd  each surrounded by a capsule, which was continuous with 
the neurilemm a; their surface was smooth; their long axis corres
ponded w ith the direction o f  the nerve on which they exist, and  
they were only movable fro m  side to side. Their section exhibited  
an exceedingly dense, close texture, o f  a whitish colour, and  
a som ew hat glistening aspect, presenting a uniform  degree o f  
solidarity, a nd  remarkable fo r  a total absence o f  vascularity. 
Exam ined by the a id  o f  a microscope, they were fo u n d  to be 
composed essentially o f  a fibro-cellular structure, the fibrous tis
sue predom inating in by fa r  the greatest number, the areolar 
predom inating in a few; the fibres arranged in bands or loops, 
am ongst which p erm anen t oval or elongated nuclei became ap
parent on the addition o f  acetic acid. In  no one instance was 
there any trace discovered o f  nerve tubes, nor any indication o f  
m alignant disease.”
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Nicholaas T ulp’s engraving of my
e lo m en in g o cele  circa  1630. Tulp 
(1 5 9 3 -1 6 7 4 ) w as th e  A m sterdam  
doctor and anatomist w ho appears 
in Rembrandt’s painting, “The Anat
omy Lesson." His book contains an 
illustration of the autopsy findings of 
spina bifida.

S p i n a

MYELOMENINGOCELE
G. B. M ORGAGN I, PADUA, ITALY, 1761

“The life o f  the little p a tien t is usually cut short by convul
sions a n d  other consequences o f  injury to the nerves. A nd  these 
evils happen more speedily i f  the nerves are pricked in opening  
the tum or or i f  they are exposed to air. A boy was brought to me 
having a tum or on the lum bar vertebrae which was soft a nd  in 
m any places translucent. A t birth it was sm all b u t w ithin ten 
m onths it had grown to the size o f  a  fist. The boy was strong and  
was well fo rm ed  even in his lower limbs although they were 
weak. I  cautioned the parents no t to have the tum or opened. The 
surgeon, however, being ignorant o f  its nature, prom ised to cure 
the disease. He was perm itted  to thrust a knife into the middle 
o f  the tum our fro m  whence it burst a considerable quantity o f  
lim pid flu id  an d  toward the last some bloody f lu id  escaped. He 
afterward introduced a stent into the orifice. The child did not 
cease to cry, the body trembled, the face became pale a nd  wrin
kled, a n d  death follow ed on the third day.”

The prevention of spina bifida has been a longtime goal. 
First came identification of affected fetuses by amniocentesis and 
ultrasound in the 1970s, and then in the 1990s came the means of 
reducing the chance of a fetus developing abnormally by giving 
the m other folate.

William Gowers’ drawings of his sign of muscular dystrophy and his biomechanical 
explanation, 1888.
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♦  Sir William Gowers (1845-1915)

He invented the device for measuring he
moglobin and counting red cells before 
he became the most famous neurologist 
of his generation. He wrote a bible of 
neurology in 1886 and is remembered for 
the first description of several diseases, as 
well as Gowers' sign.

M w scw lai* Dyst»*opKy

Duchenne on Dystrophy, 1858

“Pseudo-hypertrophic paralysis is a disease o f  infancy or 
youth, which I  believe to be not very uncom m on, b u t which  
nevertheless has no t beeti ye t described. This affection, serious 

fro m  its very com mencement, deceives the fr iends fo r  a long 
time, a nd  deludes them  by giving the limbs an appearance o f  
great muscularity.

“The prognosis is grave. I  have always seen it progress stead
ily towards generalisation a nd  term inate by complete loss o f  
m ovem ent a nd  death during adolescence.”

PHOTOGRAPHIES
P A T H O L O G I Q U E S

COMPLEMENTAHIE DC LtVRE

HI LtfllMMATOBH MEMJIMK 

G .-B . D U C H E N N E  ( d e  B oulo g n e)

!MBI8
J.-B. BA.lU.l68E et Fll.S

•BaiSiere. pba M Prhdpe Alfwn. I 
1862

Title page of Duchenne’s book, 1862.

♦  Guillaume Benjamin Armand 
Duchenne (also known as Du
chenne du Boulogne) (1806-1875)

He was a shy, strange, inarticulate 
man who used simple faradic stimu
lation of m uscle  to open new 
worlds. This was a new tool discov
ered by Faraday in 1831. He used it 
to discover the exact action of each 
muscle and the role of the muscles 
in producing facial expression, for 
diagnosis, and for treatment.

D uchenne w as born in Bou
logne where his family were ship's 
cap ta in s. He studied m ed ic ine in 
Paris when Laennec and Dupuytren 
w ere developing c lin ica l sc ience . 
He went back to Boulogne to prac
tice. W hen his wife died in child
birth, much of him died with her. 
He neglected his practice and even
tually left, penniless, for Paris. In the 
neurologic wards, he examined and 
recorded the findings of patients and 
followed them to autopsy. This was 
a time before examination had been 
system atized . Interns laughed at 
h im , but C harco t ca lled  him The 
Master. His writings have kept his 
name alive— he described the com
monest form of muscular dystrophy 
and various other conditions.
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Duchenne's photograph of his form 
of muscular dystrophy. 1862.

Duchenne’s photograph of a boy w ho moved quickly, holding his feet with his 
hands owing to weakness, (?) spinal muscular atrophy. 1862.

Drawings by Duchenne illustrating the features of pseudohypertrophic muscular 
dystrophy—the calves are large and there is a marked lumbar lordosis. 1858.
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Duchenne pioneered clinical electrodiagnosis, and this picture is taken from the 
English translation of some of his work published in 1883. He studied the muscular 
basis of facial expression and limb movements. From Poor GV: Translation of 
Selections of Collected Works of Duchenne. London: 1883.

y V ^ t K ^ o g p y p o s i s

Henry Mayhew was a Victorian journalist whose columns were 
collected into a book, London Labour a nd  London Poor, which 
described the miserable lives led by the street people of the 1840s 
and 1850s. After Karl Marx read it, he started writing The Commu
nist Manifesto. The engraving here looks to me like a person 
with arthrogryposis, and the following is an abridgement of his 4- 
page story.

The Crippled Street-Seller of Nutmeg- 
Graters, 1850

Arthrogryposis in the 19th century.

“I  will now  give an example o f  one o f  the classes DRIVEN to ™ mi MayhewS18 so ̂  b°m cnpple 
the streets by utter inability to labour. I  have already spoken o f  
the sterling independence o f  some o f  these m en possessing the 
strongest claims to our sym pathy a nd  charity, a nd  y e t preferring  
to sell rather than beg.
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Hieronymous Bosch, a 15th century painter, drew these people w ith paralyzed legs 
dragging themselves around.

“His struggles to earn his own living (notw ithstanding his 
physical inability even to p u t  victuals to his m outh  after he has 
earned them ) are w ithout a parallel. The poor creature’s legs and  
arm s are completely withered: indeed he is scarcely more than a 
head a nd  a trunk. His thigh is hardly thicker than a child’s wrist. 
His hands are bent inwards fro m  contraction o f  the sinews, the 
fingers being curled up a nd  alm ost as thin as the claws o f  a 
bird’s foot. He is unable even to stand, a nd  cannot move from  
place to place bu t on his knees, which are shod w ith leather caps, 
like the heels o f  a clog, strapped around the joint. His counte
nance is rather handsom e than otherwise; his intelligence indi
cated by an ample forehead is am ply bourne out by the testimony 
as to his sagacity in his business.

“ 7  sell nutrneg-graters a nd  funnels,’ said the cripple to me, 
‘a t 1 p en n y  a n d  I 'h  pennies a piece. I  buy them a t 7 pence a 
dozen. Some days I  sell only three though I  am  o u t fro m  10 till 
6. The m ost I  ever took was 3 shillings a nd  6  pence. Some weeks 
I  barely clear m y expenses—a nd  they are between 7 a nd  8 
shillings a week: fo r  n o t being able to dress an d  undress myself, 
I ’m  obligated to p a y  som eone to do it fo r  me. When I  d on ’t make  
tha t much, I  go without. I  p a y  every n ight fo r  m y lodging as I  go 
in, i f  I  can: b u t i f  no t m y landlady lets it run a night or two.

“ ‘I t’s the A lm ighty’s will tha t I  am  so, and  so I  m ust abide 
with it.

“ 7  strive hard—a nd  crawl about till m y limbs ache enough 
to drive m e m a d — to get an honest livelihood.’ ”

His mother was a cook in a nobleman’s house, and she paid 
30 pounds a year to a lady to look after him as a child. His mother 
died and soon afterwards his foster mother. He had run a bed- 
repairing business, but he did not get paid and had to start selling 
in the streets. When he was sick, he was taken to the workhouse. 
It is a long, sad story.

Chapter references are located in Chapter 26.



♦ C h a p t e r  E l e v e n

In ancient times all joint pain was attributed to either infection 
or gout. “Gout” was the name given to every kind of nonsuppura

tive joint problem. In the 17th century, Ballonius introduced the 
term rheumatism—a word derived from the Greek rheuma, some
thing that flows like a river; in olden times it was believed that bad 
humors flowed into the joints—perhaps not far from the truth. 
Hippocrates knew about rheumatic fever, which “licks the jo in ts  
a nd  bites the heart” in Bouillaud’s 1840 quip.

Gradually several diseases were defined and separated—gono
coccal arthritis by Pierre-Martin de la Martiniere in 1664, chemical 
gout in 1797, rheumatoid arthritis in 1857, neuropathic joints in 
1868, Clutton’s syphilitic joints in 1886, and ankylosing spondylitis 
in 1898. Because there was no treatment for any of them, little was 
gained at first by separating them. They were managed with spa 
treatment, massage, bath chairs, crutches, and all kinds of useless 
and harmful medications. In the first half of the 20th century, 
patients were thought to be victims of focal sepsis by some leading 
surgeons; many were subject to removal of teeth, umbilicus, colon, 
and tonsils quite unnecessarily. I remember working as a general 
surgical resident and meeting a number of patients lacking an 
umbilicus for this reason.

Gout was the first disease to be successfully treated, with 
colchicine, in the 1770s. Rheumatoid arthritis was first treated with 
gold and steroids in the 1950s, and osteoarthritis waited until joint 
replacement was developed in the 1960s.

Although arthritis is such a big part of orthopaedics today, old 
orthopaedic textbooks had little to say about osteoarthritis. Whit
man devoted only one page of 650 in 1901.

The locomotive cantering horse for 
mobilizing stiff hip and knee joints 
was used by James Knight in 1884. 
From his book Orthopaedia.

241
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Famous Patients

Did Emperor Constantine (980-1055) have rheumatoid ar
thritis? At the age of 63 he developed a polyarthritis affecting feet, 
hands, shoulders, and knee His friend Michael Psellus wrote, “I  
m yself saw  his fingers, once so beautifully form ed, completely 
altered fro m  their natural shape, warped and  twisted w ith hol
lows here a nd  projections there, so tha t they were incapable o f  
grasping  a n yth in g  a t all. His fe e t  were b en t a n d  his knees, 
crooked like the p o in t o f  a m a n ’s elbow, were swollen m aking it 
impossible fo r  h im  to walk steadily or to stand upright fo r  any  
length o f  time. Mostly he lay on his b ed . . . ”

Christopher Columbus had attacks of swollen painful joints, 
as well as fevers and eye problems.

Mary, Queen of Scots. She was afflicted with rheumatoid 
arthritis in 1566. When she was beheaded, she needed two people 
to help her walk. Because of her well-known disability, she was 
known as Marie Malade (malade is French for sick). Some say 
marmalade derives its name from her. Others say this is rubbish 
and the word is derived from the Greek for quince.

Peter Paul Rubens. If you look at the later paintings of this 
18th century painter, you will notice that the hands often resemble 
those of someone with rheumatoid arthritis, with the posture and 
the swellings. He is known to have suffered from some kind of 
arthritis—every joint problem was attributed to gout then—and 
the hands in his paintings may have been autobiographical.

Pierre Auguste Renoir. The impressionist painter had to 
have brushes taped to his fingers in old age because of his rheuma
toid arthritis. I think his painting suffered.

Raoul Dufy. The French artist used to paint jolly paintings. 
He developed rheumatoid arthritis and the paintings became sim
pler and lacked detail. Then, when cortisone first came on the 
market, he was offered treatment in the United States. Portraits at 
this time show him with cherubic cheeks. But he started to paint 
black pictures and died in 1953-

TIMELINES
Gout
3rd century b c  Hippocrates describes gout clearly—“the most vio

lent, tenacious and painful of joint affections.”
100 Rufus of Ephesus: treatise on gout.
circa 600 Alexander of Thralles uses colchicine w ith benefit, but 

then this knowledge is lost.
1531 Paracelsus: book on diseases of “Tartar.” Gout due to a chemi

cal deposition in the joint.
1684 Leeuwenhoek sees under the microscope that tophi contain 

urate crystals.
1689 Sydenham writes the classic on gout.
1763 Storck reintroduces colchicine in Vienna.
1797 Woolaston: urates in gouty deposits.
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1819 Brodie: classic treatise on joint disease.
1854 Alfred Garrod devises a test for urates in blood and postulates 

that acute gout is due to precipitation of urate in the joint.
1913 Folin and Denis test for urate in blood.

Rheumatoid Arthritis
123 Caraka Samhita, an Indian book, describes incurable polyar

thritis.
1642 Guillaume de Baillou of Paris distinguishes between gout and 

rheumatic fever in his book on rheumatism, becoming the 
Father of Rheumatism. Others, such as Cullen (1785) and 
Pitcairn (1788) provide descriptions of rheumatic fever.

1676 Thomas Sydenham’s account of rheumatoid arthritis.
1770 Heberden: rheumatoid arthritis.
1800 A.J. Landre-Beauvais’ account of rheumatoid arthritis in a the

sis.
1818 Benjamin Brodie’s classic treatise, On the Pathology and 

Surgery of Diseases o f the Joints.
1828 Jean Cruveilhier: atlas of anatomy has clear pictures of rheu

matoid arthritis and gout affecting the hands.
1857 Robert Adams in Dublin distinguishes chronic rheumatoid 

arthritis from osteoarthritis.
1859 Sir Alfred Garrod invents the name rheumatoid arthritis. His 

classic work is published: The Nature and Treatment of 
Gout and Rheumatic Gout. The second edition calls it Rheu
matoid Arthritis.

1876 Maclagan uses acetylsalicylic acid for rheumatoid arthritis.
1884 Strumpell describes ankylosing spondylitis, as do Bechterew 

(1897) and Marie (1898).
1890 Archibald Garrod (son of Alfred): book on rheumatoid arthri

tis.
1891 Bouchard: infection theory.
1896 Still describes juvenile arthritis.
1896 Ballantyne: treatise on the pathology of rheumatoid arthritis.
1901 William Hunter’s focal sepsis theory leads to removal of all 

kinds of organs.
1904 Sir William Gowers coins the word fibrositis—perhaps the 

worst thing he did.
1916 Hans Reiter describes an officer in the German Army with 

diarrhea, conjunctivitis, urethritis, and arthritis and on the 
basis of this single case gives his name to a syndrome. Brodie 
had mentioned it in 1818.

1928 International League Against Rheumatism formed.
1934 American Rheumatism Association founded and starts to pub

lish the Primer.
1935 Jacques Forestier tries gold treatment. It was fashionable for 

TB, and so it seemed reasonable to give it a try in rheumatoid 
arthritis.

1940 Waaler finds rheumatoid factor.
1942 Concept of collagen disease: Klemperer.
1948 LE cell test: Hargreaves.

♦ Alfred Baring Garrod (1819- 
1907)

London physician who devoted his 
life to the study of gout and was one 
of the first metabolic physicians. In 
1859 he devised a chemical test pa
thognomonic for gout.

♦  Sir Archibald E. Garrod (1857- 
1936)

The son of S ir A lfred , he started 
modern rheum atology, separating 
osteoarthritis from rheumatoid ar
thritis.

Box continued on following page
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1948 Hench and Kendall use cortisone with benefit.
1975 Lyme disease. Two m others in the town of Old Lyme, Con

necticut, complained to the public health department about 
a cluster of cases of juvenile rheumatoid arthritis. The inci
dence was supposed to be 1 in 100,000, but this community 
of 12,000 had 39 children and 12 adults w ith the disease. 
Eventually a veterinary pathologist in Montana identified the 
spirochete—Borrelia burgdorferi—carried by a deer tick.

C \ o i a \

Derived from the latin gutta, drop. The ancients, who believed 
that the four humors were the cause of all disease, believed that a 
drop of phlegm distilled by the brain could arrive in the joint and 
make it swell.

Fam ous Patients

King Phillip 2 of Spain (1527-1598) was a religious and 
political despot. His father died of gout, and he suffered from 
attacks of gout and then from chronic arthritis. He regarded gout as 
God’s punishment for not exterminating the heretics. He therefore 
pressed on with the Inquisition and sought to replicate the pain of 
gout on transgressors.

William Pitt, Earl of Chatham was prime minister of Britain 
during the troubles with the Americans in the 18th century. He 
had gout that put him out of action during crucial periods—the 
imposition of the Stamp Tax and the Tea Tax. If these taxes had 
not been imposed, there would not have been the Boston Tea Party 
in 1773, and perhaps things would have turned out differently.

He had wanted to take colchicum, but it had given his doctor, 
Dr. Sydenham, diarrhea, and so Pitt was advised against it. When 
Franklin and Chatham met, they discussed gout.

Benjamin Franklin in troduced colchicum  to the United 
States and wrote a “Dialogue with Gout”:

“Midnight, October 22, 1780
Franklin: Eh! Oh! Eh! What have I done to merit such cruel 

sufferings?
Gout: Many things; you have ate and drank too freely, and you 

too much indulged those legs of yours in their indolence.
Franklin: Who is that who accuses me?
Gout: It is I, even I, the Gout.
Franklin: What, my enemy in person?
Gout: No, not your enemy.
Franklin: I repeat it; my enemy; for you would not only 

torm ent my body to death, but ruin my good name; you reproach 
me as a glutton and a tippler; now all the world that knows me, 
will allow that I am neither one nor the other.”

Gout continues to chide him for 8 more pages, leading Frank
lin to promise to live better.
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Com m ents on  Gout

S. Smith

“I  thought it a bargain o f  nature tha t m en should have the 
gout a n d  ladies produce the children.” 1800

H ippocrates
“Eunuchs do n o t take the gou t nor become bald.
“A w om an does not take the gout, unless her menses are 

stopped.
“A young  m an  does no t take the gout un til he indulges 

in coition.”

O rig inal Papers

GOUT 
THOMAS SYDENHAM, 1683

“Either m en w ill th ink that the nature o f  gout is wholly 
mysterious an d  incomprehensible, or tha t a m an  like m yself who 
has suffered fro m  it fo r  thirty-four years, m ust be o f  a slow an d  
sluggish disposition no t to have discovered som ething respecting 
the nature a nd  treatm ent o f  a  disease so peculiarly his own. Be 
this as it may, I  w ill give a bona fide  account o f  w hat I  know. 
The difficulties a n d  refinements relating to the disease itself, an d  
the m ethod o f  its cure, I  will leave fo r  Time, the guide to truth, 
to clear up a nd  explain.

“Concerning this disease, in its m ost regular a n d  typical 
state, I  will firs t discourse; afterwards I  will note its more irregu
lar an d  uncertain phenom ena. These occur when the unseason
able use o f  preposterous medicines has thrown it down fro m  its 
original status. Also when the weakness an d  langour o f  the 
p a tien t prevent it fro m  rising to its proper a n d  genuine sym p
toms. As often as gout is regular, it comes on thus. Towards the 
end o f  January or the beginning o f  February, suddenly and  
w ithout any prem onitory feelings, the disease breaks out. Its only 
forerunner is indigestion a nd  crudity o f  the stomach, o f  which 
the p a tien t labours som e weeks before. His body feels swollen, 
heavy a n d  w indy—sym ptom s which increase until the f i t  breaks 
out. This is preceded a few  days by torpor a nd  a feeling o f  fla tu s  
along the legs an d  thighs. Besides this, there is a spasmodic 
affection, whilst the day before the f i t  the appetite is unnaturally  
hearty. The victim  goes to bed an d  sleeps in good health. A bout 
two o ’clock in the m orning he is aw akened by a severe p a in  in 
the great toe; more rarely in  the heel, ankle or instep. This p a in  
is like that o f  a dislocation, a nd  ye t the parts fee l as i f  cold water 
were poured  over them. Then follow  chills a nd  shivers a nd  a little 
fever. The pain, which was a t firs t moderate, becomes more 
intense. With its intensity the chills a nd  shivers increase. A fter a 
tim e this comes to its height, accommodating itself to the bones 
and  ligaments o f  the tarsus an d  metatarsus. N ow it is a violent
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A hand affected by gout. “There can be no doubt that the 
essential component o f gouty deposits is urate o f soda, which 
always assumes a crystalline form." From Garrod AB: The nature 
and treatm ent of gout and rheumatic gout. London: 1859. Re
print of Garrod AB: A Treatise on Gout. In  Clin Orthop Related 
Res 1970, 71, 3-13.

stretching an d  tearing o f  the ligaments— now it is a gnaw ing  
p a in  a nd  now  a pressure an d  tightening. So exquisite a nd  lively 
m eanwhile is the feeling o f  the p a r t affected, tha t it cannot bear 
the weight o f  the bedclothes nor the ja r  o f  a  person walking in 
the room. The night is passed in torture, sleeplessness, turning o f  
the p a r t affected, a n d  perpetual change o f  posture, the tossing 
about o f  the body being as incessant as the p a in  o f  the tortured 
jo in t, an d  being worse as the j i t  comes on. Hence the vain effort, 
by change o f  posture, both in the body a n d  lim b affected, to 
obtain an abatem ent o f  the pain. This comes only towards the 
m orning o f  the next day, such tim e being necessary fo r  the 
moderate digestion o f  the peccant matter. The pa tien t has a 
sudden an d  slight respite, which he falsely attributes to the last 
change o f  position. A gentle perspiration is succeeded by sleep. 
He wakes freer fro m  pain, a nd  finds the p a rt recently swollen. 
Up to this time, the only visible swelling had  been that o f  the 
veins o f  the affected joint. N ext day (perhaps fo r  the next two or 
three days), i f  the generation o f  the gouty m atter had been 
abundant, the p a r t affected is painful, getting worse towards 
evening a n d  better towards morning. A few  days after, the other 
fo o t swells, a n d  suffers the sam e pains. The pa in  in the second 
fo o t attacked regulates the p a in  in the first one attacked. The 
more it is violent in the one, the more perfect is the abatem ent 
o f  suffering, a n d  the return o f  strength in the other. Nevertheless, 
it brings on the sam e affliction here as it had brought on in the 
other foot, an d  tha t the sam e in duration and  intensity. Some
times, during the first days o f  the disease, the peccant m atter is 
so exuberant, tha t one fo o t is insufficient fo r  its discharge. I t  then 
attacks both, a nd  that w ith equal violence. Generally, however, it 
takes the fe e t in succession. A fter it has attacked each foot, the 
fits  become irregular, both as to the tim e o f  their accession and
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duration. One thing, however, is constant— the p a in  increases a t 
night a n d  remits in  the morning. Now a series o f  lesser fits  like 
these constitute a true attack o f  gou t—long or short, according 
to the age o f  the patient.

“Gout produces calculus in the kidney. The p a tien t has fre 
quently to entertain the p a in fu l speculation as to whether gout 
or stone be the worst disease.

“I t  m akes life worse than death, a nd  fina lly  brings in death 
as a relie f’

Sydenham (1624-1689) has a quality in common with Hippoc
rates: his writings cover a wide field, with the accent on personal 
observation rather than quasiscientific theorizing, and, as with 
Hippocrates, little is known of his life.

He was born at Winford Eagle and studied at Oxford, but his 
studies were interrupted by the Civil Wars, during which he served 
in the Parliamentarian Army with the rank of Captain. On his 
return to Oxford he was made a Bachelor of Medicine by the 
Parliamentarian Chancellor of the University himself, by some very 
irregular procedure; he had studied medicine only for a few months 
altogether. He continued his studies at Montpellier and then set up 
in practice in London.

He was a friend of the chemist Robert Boyle and John Locke. 
He wrote on the exanthems of childhood and the use of quinine 
in malaria. He suffered from gout for many years, and his descrip
tion of the disease is among his best work. “Gout kills more rich 
m en than poor, more wise than simple

♦  Thomas Sydenham

Ankylosing Spondylitis

At the end of the 17th century, Bernard Connor, an Irishman 
who became physician to the King of Poland and died of malaria 
at the age of 32 in London, came across “an extraordinary hum an  
skeleton, whose vertebrae o f  the back, the ribs, a nd  several bones 
down to the os sacrum, were all firm ly  united  into one solid  
bone, w ithout jo in tin g  or cartilage."

He concluded that this person must have been incapable of 
motion, unable to bend or stretch, and that his respiration was 
limited. The dramatic picture of fully developed ankylosing spondy
litis was the subject of several case histories. Delpech in 1828 gives 
a good account, and Paget noticed it in 1877, but it was not until 
the late 19th century that much interest was aroused.

Adolf Strumpell, in 1884, wrote: “As a remarkable, and, it 
would seem, definite disease, we m ight now  draw attention to a 
fo rm  o f  illness in which there supervenes, progressively a nd  with
out pain, a complete ankylosis o f  the entire spine an d  both hip  
joints, in such a m anner tha t the head, the trunk a nd  the thighs 
become fu sed  a nd  completely rigid, while the other jo in ts  retain 
their norm al mobility. I t goes w ithou t saying that, as a result o f  
this fusion , very definite alterations o f  posture a nd  ga it make  
their appearance. We ourselves have seen two identical cases o f  
this singular condition.’’ ♦  Adolf Striimpell (1853-1925)



248 Chapter 11 ♦ Arthritis

Pierre Marie in 1898 gives a textbook description of the disor
der. Eight years later he filled in the details in a paper with Leri. 
The disease was first called ankylosing spondylitis by C. W! Buckley 
in 1935.

SPONDYLOSIS RHIZOMYELIQUE 
PIERRE MARIE, 1898

“A particular characteristic o f  this disease is the occurrence 
o f  complete fu s io n  o f  the spine together w ith a more or less 
pronounced ankylosis o f  the jo in ts  a t the bases o f  the limbs, 
while the sm all jo in ts  rem ain unaffected.

“We are going to exam ine each o f  the phases o f  this definition 
separately:

“The Fusion o f  the Spine is complete, a t least in the lower 
half; slightly higher, an d  especially in the cervical region, the 
spinal column m ay retain a certain mobility fo r  some time. The 
rigidity thus produced is such that the spine would fracture  
rather than allow the slightest m ovem ent in it.

“The position in which this fu s io n  o f  the spine occurs is 
worth nothing; in rhizomelic spondylosis the kyphosis is above 
all due to a definite an d  rather acute bend a t the cervical section 
o f  the spine, and  also a little o f  the upper dorsal spine, while the 
lum bar an d  lower a n d  m iddle dorsal sections o f  the spine often 
continue alm ost in a straight line. W hat considerably exaggerates 
the kyphotic appearance o f  these patients is the ankylosis o f  the 
hip jo in t  in flexion, so tha t the trunk seems to be thrown fu rther  
forw ard  than it is in fact.

“The fu sio n  o f  the spine with the sacrum is complete . . .  it 
seems that a t this . . . level even a bony proliferation m ay be 
fo rm ed; in  p a r ticu la r  one m ay encoun ter osteophytic prom i-

♦  Pierre Marie

♦  Pierre Marie (1853-1940)

A  great teacher. H is square-cut hair, 
square-cut beard, and striking personality 
indicated his severe, dignified, and au
thoritarian manner in public, but at home, 
where he collected painting and sculp
ture, this thawed. He had no longing for 
honors or titles, being happy enough to 
devote his life to neurology and arouse 
the same enthusiasm in others.

Marie was born in Paris near Place 
de la C oncorde w hen th is area had 
fields nearby. At his father's insistence 
he read law and was called to the bar, 
but then fo llow ed  his own desire to 
study medicine. He became an intern 
under Charcot and continued to work 
for him for many years. In his doctoral 
thesis he first described the tremor of 
thyrotoxicosis. He had a succession of 
distinguished appointments: Physician 
at the Bicetre, a mental hospital, Profes
sor of Pathological Anatomy, and Pro
fessor of C lin ical Neurology at the Sal- 
p e trie re , fo llo w ing  C harco t and 
Dejerine.

M any of his o rig inal ideas w ere 
presented at his lectures and in conse

quence these talks were well attended. 
He kept up the Charcot tradition of at
tracting large numbers of postgraduate 
students.

His middle age was his most pro
ductive period, but his old age was a 
succession of personal tragedies. H is 
wife died, his daughter died of appendi
citis, and finally his son, who was study
ing botulism at the Institut Pasteur, con
tracted the disease and died.

What were Marie's contributions? 
W ithin three years of qualification he 
had described peroneal muscular atro
phy. (Tooth described it in the United 
Kingdom in the same year.) He made 
the first observation of acromegaly in 
1886 and observed the pituitary tumor.

Marie described hypertrophic pul
m onary osteoarthropathy in 1890. In 
1898 he published the first account of 
craniocleidal dysostosis and wrote the 
accom panying account of ankylosing 
spondylitis. His only other contribution 
of interest to orthopaedic surgeons was 
his continued belief that poliomyelitis 
was infectious.
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nences a t the level o f  the sacroiliac joint. Furthermore, the hyper
ostoses do no t appear to be lim ited to the lower posterior section 
o f  the spine, fo r  one finds, by feeling w ithin the mouth, tha t bony 
protuberances on the anterior surfaces o f  the vertebral bodies 
are palpable through the posterior pharyngeal wall. I t is m ost 
likely tha t the difficulty, which som e o f  these patients experience 
when swallowing, is due to the irregularity a t this level.”

“A nkylosis o f  the Jo in ts o f  the Limbs. The jo in t which is 
m ost affected, a n d  the only one which is really the site o f  complete 
ankylosis, is the hip joint. In  this jo in t  there m ay be complete loss 
o f  movement, w ith the jo in t  fixed  in som e flex ion  a nd  adduction.

“The Scapulo-Humeral Jo in t is m uch less frequently affected
than the hip jo in t  an d  does no t suffer comparable ankylosis.
Nevertheless m ovem ents were considerably reduced in two o f  our
patients. Neither o f  them  can lift their arm s above the horizontal;
when they are told to p u t a hand  on their head— i f  they can
manage it— it is due to the kyphosis which pushes their head
forw ard a nd  to the sw inging m ovem ent o f  the scapula. When
these two patien ts carried o u t passive m ovements gross crepitus
could be observed a t the site o f  the acromio-coracoid arch. D elpech: ankylosing spondylitis,

1828“The Knee is another jo in t in which sym ptom s m ay require 
study. A t first sight m ovem ents appear to be completely norm al 
an d  patients do n o t m ention their knees; nevertheless i f  they are 
asked to bend their knees as m uch as possible, it can be seen 
tha t m ovem ent is lim ited to a greater or lesser extent; in no case 
is it sufficient fo r  the heel to touch the buttock.

“The other jo in ts  appear undamaged.
“The appearance o f  the p a tien t is profoundly altered by a 

singular a nd  very m arked fla tten ing  o f  the pelvis a n d  thorax. It 
is difficult to say whether the fla tten ing  o f  the pelvis is due 
only to atrophy o f  the buttocks or whether the bones themselves 
participate; this latter hypothesis is no t unlikely. The thorax is, 
like the pelvis, fla ttened  in the antero-posterior diameter; here, 
too, muscular wasting o f  the back muscles m ay p lay  a certain 
part, though the skeleton shares in the deformity. This is very 
clear when one looks a t the p a tien t fro m  the side.

“In addition to this deformity there is extraordinary respira
tory im m obility o f  the chest; the ribs (except occasionally fo r  the 
lowest ones) do not move during respiration, which is alm ost 
entirely abdominal.

“Obviously such gross disease o f  m any o f  the principal jo in ts  
will lead to functiona l disabilities. In order to stand, the patients  
are forced to resort to a trick— they keep their knees in  some 
flexion. Indeed, w ithout this expedient, the trunk, leaning notice
ably forwards as a result o f  the fixed, flexed  hips, w ould bowl the 
p a tien t over and  m ake h im  incapable o f  keeping his balance.
The flexion o f  the knee jo in t  remedies this an d  compensates fo r  
the hip flexion. The occurrence o f  flexion  a t the two principal 
jo in ts  o f  the lower limbs has the result tha t these patients, on 
standing, resemble a letter Z. When they have to rem ain in this 
position fo r  som e tim e they are forced to m ake use o f  a stick, or 
else to lean forw ard  w ith the hands resting on the fr o n t o f  
the thighs.
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“In bed they cannot lie as they would like, fo r  i f  they lay f la t  
on their back in bed the fixed  flexed  spine w ould tend to lift up 
the pelvis a nd  lower limbs. The only position in which one 
p a tien t can get to sleep is on his side; another has constructed 
above his bed an iron bracket to which a sling is attached— this 
passes under his occiput, holding his head a nd  shoulders well 
above the level o f  the bed, on which his lower limbs are resting.

“As fo r  walking: this too has a peculiar appearance because 
the hip jo in ts  are no t functional. Progress forwards depends on 
m ovem ents a t the knee an d  ankle joints. The patients look like 
wooden dolls, in which the leg m ovem ents occur about one 
transverse axis through the two knees. Though it is possible fo r  
them to w alk unaided, they prefer to use two sticks or crutches 
because it is both difficult a n d  painful.

“I t  would be foolish to lay dow n any rules concerning the 
aetiology a n d  natural history o f  the disease as we have seen only 
a sm all num ber o f  cases. However som e poin ts m ay be made at 
this stage.

‘A ll the cases I  have been able to review have been m en— is 
this simply a coincidence?

“It is a disease which begins in early adult life, though it can 
begin in adolescence.”

OSTEOTOMY OF THE SPINE FOR 
CORRECTION OF FLEXION DEFORMITY IN 

RHEUMATOID ARTHRITIS
M.N. SMITH-PETERSEN, CARROLL B. LARSON, and 

O TTO  E. AUFRANC, 1945

“Osteotomy o f  the Spine is a slightly misleading title fo r  this 
paper, bu t it is an  intriguing one, effective in stim ulating interest 
a nd  curiosity. The operative procedure is confined to the lam inae  
a nd  articular facets a nd  does no t involve the vertebral bodies.”

“Sum m ary o f  R ecent P ro g ress  in Surgery o f  R heum ato id  
A rth ritis . In  1941 the authors were granted the assignment 
o f  Operative Procedures fo r  the Prevention a nd  Correction o f  
Deformities in R heum atoid Arthritis, a t the Massachusetts Gen
eral Hospital.

“A nalysis o f  D evelopm ent o f  Flexion D eform ity  an d  Its  
Surgical Correction. Recumbency in the position o f  m in im um  
p a in  com m only results in a flex ion  deform ity o f  the spine suffi
ciently m arked to interfere w ith the fu n c tio n  o f  the lower extremi
ties in standing a nd  walking, a n d  to m ake the sitting position  
one o f  strain a nd  discomfort. M anipulation, follow ed by support, 
w ill improve m any o f  these patients; it will not be o f  benefit after 
bony ankylosis o f  the articular facets a n d  calcification o f  the 
longitudinal ligaments have occurred. Patients with ankylosis o f  
both hips not infrequently present this latter extreme condition  
o f  the spine. After arthroplasties, the flexion  deform ity o f  the 
spine interferes to such an extent w ith fu n c tio n  o f  the lower 
extremities that the problem  o f  correction becomes m ost im 
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portant. Analyzing the obstacles to correction, we came to the 
conclusion that the ankylosed facets, surrounded by overgrowth 
o f  bone, offered more resistance than any o f  the other spinal 
structures. A ny surgical procedure fo r  correction o f  the flexion  
deform ity  m ust, therefore, be a im ed  a t the facets, a rticu lar  
processes, a n d  adjacent laminae; osteotomy o f  these structures, 
with excision o f  sufficient bone, should allow corrective leverage 
to be transm itted to the intervertebral discs a nd  longitudinal 
ligaments, overcoming whatever resistance these m ay present.

“Preceding the first operation, a diagram was m ade a nd  the 
operative steps were outlined. I t  is rare tha t a surgeon is able to 
carry o u t a preconceived p lan  o f  operation, b u t in this case that 
was true; furtherm ore, the operation is even now essentially the 
same. Only six cases have been done; fu r th er  experience may, 
a n d  probably will, bring about im provem ent in the operative 
technique.

“The lum bar region is more favorable than the thoracic, 
since the la tter co m m o n ly  presen ts anky losed  costovertebral 
jo in ts  rendering correction difficult, i f  no t impossible. Thoracic 
osteotomy has been done in only one case; it resulted in subjec
tive improvement, bu t there was no objective evidence o f  it.

“Selection o f  the lum bar level or levels a t which the osteot
om y is to be perform ed depends on the roentgenographic f in d 
ings; the less m arked the ossification, the better the chance o f  
correction.

“1. The operative procedure m ust not be belittled; there are 
m any po in ts in the technique tha t we have fo u n d  diffi
cult.

“2. Osteotomy o f  the spine, perform ed in  a sm all series o f  
six cases, has yielded satisfactory results.”

RKewmatoid yVrth^itis

Guillaume de Baillou (1538-1616) was the first to use the 
word rheumatism in the m odern sense in 1642. “The jo in ts  are 
wracked with pain. Those who suffer two or three times fro m  
rheum atism  can scarcely hope to escape chronic arthritis

Jean-Baptiste Bouillaud (1796-1881) in 1836 published a 
book, New Research on Articular Rheum atism .

♦ Guillaume de Baillou

♦  Jean Baptiste Bouillaud
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♦ Robert Adams (1791-1875)

A TREATISE

R H E U M A T I C  GOUT,

CHRONIC RHEUMATIC ARTHRITIS OF ALL 

THE JOINTS.

BY

ROBERT ADAMS, M .D., A .M .,M .R .I.A .,

Ilinstrnltb bg ©toobtuli anb Hn 3.11ns of |lla(rs.

L O N D O N :

JOHN CHURCHILL, NEAV BURLINGTON-STREET.
MDCCCI.V1I.

Title page of Adams’ book.

ON CHRONIC RHEUMATIC ARTHRITIS 
ROBERT ADAMS, 1857

“Those o f  the lower order who are thus afflicted with this as 
a general constitutional disease soon become incapable o f  earn
ing their bread, a nd  m ost o f  such in this country are conse
quently a t last fo u n d  inm ates o f  our Poor-houses. In these asy
lum s they usually spend m uch o f  their tim e during the w inter 
m onths in their beds, a nd  even here complain m uch o f  the cold. 
From w an t o f  exercise, the circulation o f  blood through their 
limbs becomes languid; the jo in ts  become rigid as well as painful; 
the surrounding muscles, through disuse, fa n  into a state o f  
atrophy. The bones and  the cartilages also degenerate, an d  in 
some cases, fro m  constant im m obility o f  the jo in ts  fo r  years, we 
have fo u n d  the articular surfaces to have in  po in ts coalesced 
w ith each other, an d  in these po in ts o f  contact a species o f  red 
vascular un ion  o f  the surfaces to have taken place (see case o f  
M ’Garry). When all the jo in ts  o f  the lower extremities are the 
seat o f  the disease, the p a tien t frequently becomes altogether 
bedridden, a n d  the knee-joints a n d  those o f  the fe e t become 
distorted, a n d  even dislocated. The fo rm er jo in ts  are habitually 
kept semiflexed, the leg becomes rotated out-wards, a nd  under 
these circumstances we have know n partia l luxations o f  the 
patella occur. The p a tien t usually becomes m uch stooped in his 
figure, the spinal colum n being flexed  forward. The neck often 
becomes rigid, a nd  this state o f  things, too, is sometimes fo u n d  
associated w ith a rigid condition o f  all the joints, great and  
small, o f  the upper extremities. Now, the patient, although he has 
laid before h im  fo o d  convenient fo r  him, soon becomes really 
incapable o f  feed ing  himself, a nd  thus in a  certain sense becomes 
wholly dependent on others. I  have observed m any unhappy  
victims o f  this disease, the inm ates o f  Poor-houses, who, had  they 
been placed in more favourable circumstances as to fu e l  a nd  
clothing, m ight have lived fo r  years w ith  this malady, carried o ff  
unexpectedly during the w inter m onths by sudden attacks o f  
other diseases, such as dysentery or diarrhoea, produced by cold. 
Some have died o f  acute in flam m ations o f  som e o f  the viscera; 
others o f  chronic phthisis.

“Those who are placed in better circumstances, who can 
provide themselves w ith the comforts a n d  conveniences o f  life, 
who can clothe themselves warmly, a nd  who, although unable to 
walk, can be daily fu rn ish ed  with the m eans o f  taking, exercise 
in the open a ir—these, so fa r  as m y observation goes, seem to 
live as long as any o f  those o f  the sam e period  o f  life who are 
free  fro m  the disease.”

A hand affected by rheumatoid arthritis, 
from Robert Adams’ Treatise, 1857.
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^till's D isease

Today juvenile arthritis is subdivided into several 
forms—polyarticular, pauciarticular, and this condition.

ON A FORM OF CHRONIC JOINT DISEASE 
IN CHILDREN

GEO RGE F. STILL, Medical Registrar and Pathologist 
to the Hospital for Sick Children, London, 1897

“The occasional occurrence in children o f  a disease closely 
resembling the rheum atoid  arthritis o f  adults has been recog
nised fo r  several years. The identity o f  the disease seen in children 
w ith that in adults has never, so fa r  as I  am  aware, been called 
in question.

“The purpose o f  the present paper is to show that although  
the disease know n as rheum atoid arthritis in adults does u n 
doubtedly occur in  children, the disease which has m ost com
m only been called rheum atoid  arthritis in  children differs both 
in its clinical aspect a n d  in its m orbid  anatom y fro m  the rheum a
toid arthritis o f  adults.

“The cases hitherto grouped together as rheum atoid  arthritis 
in children include, therefore, more than one disease; an d  it will 
be shown that there are a t least three distinct jo in t  affections 
which have thus been included under the one head, R heum atoid  
arthritis.

“The paper is based on a study o f  22 cases, alm ost all o f  
which have been in  the Hospital fo r  Sick Children, Great Ormond  
Street. Nineteen o f  these I  have had  under personal observation.

“The disease m ay be defined as a chronic progressive enlarge
m en t o f  joints, associated w ith general enlargem ent o f  glands 
and  enlargement o f  spleen.

“The onset is alm ost always before the second dentition; ten 
ou t o f  twelve cases began before the age o f  six years, a n d  o f  these, 
eight began w ithin the first three years o f  life; the earliest was a t 
fifteen months. Girls are more com m only affected than boys.

“The onset is usually insidious; the child, i f  old enough, 
complains o f  stiffness in one or more joints, which slowly become 
enlarged, a n d  subsequently other jo in ts  become affected; bu t 
occasionally the onset is acute, w ith pyrexia and, it m ay be, 
with rigors.

“I  wish to lay som e stress on the character o f  the enlargem ent 
o f  the joints. I t  feels a nd  looks more like general thickening o f  
the tissues round the jo in t  than a bony enlargement, a nd  is 
correspondingly sm ooth a n d  fusiform , w ith none o f  the bony 
irregularity o f  the rheum atoid  arthritis o f  adults.

“The absence o f  osteophytic growth a n d  o f  anything like 
bony lipping, even after years have elapsed since the outset, is 
striking.

“There is, I  believe, never a n y  bony grating, a lthough  
creaking, probably either o f  tendon or o f  cartilage, is frequently  
present. There is no redness or tenderness o f  the joints, except in 
very acute cases. The absence o f  p a in  is generally striking, bu t it

♦ Sir George Still (1868-1941)

Still was bom at Holloway, the son 
of a surveyor of Customs, and after 
taking a first in C la ss ics  at C am 
bridge, he trained at Guy's Hospital. 
He went to work at the Hospital for 
Sick Children and remained there all 
his life— one of B rita in 's  first fu ll 
time pediatricians.

He quickly became successful 
because of two good pieces of work 
written while he was young: he de
scribed the disease known after him, 
and he recognized an organism of 
m ening itis . He becam e the c h il
dren 's ph ysic ian  of his age. O u t
wardly he was industrious, distant, 
and impersonal in his dealings with 
adults; with children he was relaxed 
and placating. In addition to writing 
a standard textbook, he wrote a 
scholarly Anthology o f  Paediatrics, 
in which he reviewed the history of 
child care.

Still’s disease from his article.
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m ay be present in slight degree, especially on movement. Lim ita
tion o f  movement, chiefly o f  extension, is alm ost always present; 
the child m ay be completely bedridden owing to more or less 
rigid flex ion  o f  joints.

“Those m ost com m on so fa r  as I  have seen are, flexion  o f  
the wrist w ith slight deviation o f  the hand to the u lnar side, and  
slight flexion  o f  the proximal, com bined sometimes with slight 
flexion  o f  the distal, interphalangeal joint.

“The jo in ts  earliest affected were usually the knees, wrists 
an d  those o f  the cervical spine; the subsequent order o f  affection 
being ankles, elbows a n d  fingers. The sternoclavicular jo in t was 
affected in two ou t o f  twelve cases; the temporo-maxillary in 
three. The affection is symmetrical. There is no tendency to suppu
ration nor to bony ankylosis. The muscles which move the dis
eased jo in ts  show early a nd  m arked wasting, which contrasts 
often strongly w ith the good nutrition  o f  the rest o f  the body.

“Perhaps the m ost distinctive fea ture in these cases is the 
affection o f  the lymphatic glands. The enlargement is general, 
b u t affects prim arily a nd  chiefly those related to the jo in ts  af
fected. The glands are separate, rather hard than soft, no t tender, 
a nd  show no tendency to break down. They m ay become so large 
as to be visible, b u t more often do no t become larger than a 
hazel-nut. The enlargem ent seems to bear a definite relation to 
the progress o f  the disease in the joints. Slight affection o f  the 
glands is fo u n d  very soon after the first sym ptom s o f  the jo in t  
affection, a nd  as the latter increases the glands become larger. I f  
the jo in t  affection subsides, the glands become smaller, increasing 
again in size i f  the jo in ts  become worse.

“It will thus be seen tha t the enlargem ent is general; a nd  I  
m ay add that it is constant; it was fo u n d  in all the twelve cases 
mentioned.

“Enlargement o f  the spleen is also a striking feature o f  these 
cases. I t is, o f  course, not always easy to be certain o f  splenic 
enlargement, bu t it was definite a n d  considerable in nine o u t o f  
twelve cases, the edge o f  the spleen being fe lt  one to two fingers’ 
breadth below the costal margin. The enlargem ent o f  the spleen 
seems to be roughly proportionate to tha t o f  the glands, a nd  like 
that o f  the glands has been observed to increase as the jo in t  
condition became worse.

“A remarkable fea ture in  these cases is the general arrest o f  
developm ent that occurs when the disease begins before the sec
ond  dentition. A child o f  twelve a n d  a h a lf years would easily 
have been m istaken fo r  six or seven years, while another o f  fo u r  
years looked more like two a nd  a h a lf or three years.

“The arrest is, however, o f  bodily rather than o f  m ental 
development, an d  hence although backward in some respects 
fro m  the enforced absence fro m  school, the child often appears by 
comparison with its size to be rather precocious than backward.

“The course o f  these cases is slow. Im provem ent m ay occur 
fo r  a tim e under treatm ent or spontaneously, bu t the disease 
soon progresses again un til a condition o f  general jo in t  disease 
is reached which seems to be perm anently stationary.

“The m orbid  anatom y o f  this disease is gathered fro m  three 
postmortems. The jo in ts  show m arked thickening o f  the capsule
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a nd  o f  the connective tissue ju s t  outside this. There is also thick
ening a n d  vascularisation o f  the synovial membrane, a n d  fibrous  
adhesions are som etimes present.

“The cartilage m ay be perfectly normal, as in two cases that 
had lasted nearly one a nd  a h a lf years; bu t in a case tha t had  
lasted three years it showed p itting  o f  its surface as i f  fro m  
pressure, w ith little processes o f  the thickened synovial m em brane  
fitting  accurately into the pits, which were situated chiefly a t the 
margin o f  the cartilage; otherwise, however, the cartilage was 
healthy—there was no fibrillation, no osteophytic change, no 
exposure or eburnation o f  bone.

“In  each case the pericardium  was universally adherent; 
there were also pleural adhesions.

“This disease has hitherto been called rheum atoid  arthritis, 
b u t it differs fro m  the disease in adults, clinically in the absence 
o f  bony change, even when the disease is advanced, a nd  in the 
enlargem ent o f  glands a n d  spleen, a n d  pathologically in the 
absence, even in an advanced case, o f  the cartilage changes 
which are fo u n d  quite early in tha t disease, a nd  also in the 
absence o f  osteophytic change.”

H em ophilic  A rthritis

This odd name—meaning blood loving—was first used in 1828 
for a disease known from the early days of circumcision. Royalty 
made it famous. Queen Victoria was a carrier; her daughter married 
Tsar Nicholas of Russia and their son Alexis, born in 1904, was 
affected. Movies and books have told his story. He had repeated, 
painful joint bleeds. When Nicholas should have been attending to 
social injustice in Russia, he was under the shadow of Alexis, his

Tsarevich Alexis, aged 10. The photogra
pher has cleverly disguised his severe hip 
and knee flexion contractures due to hemo
philic arthropathy.
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♦ Jean-Martin Charcot (1825— 
1893).

Charcot was the son of a Parisian 
coachbuilder of limited means. Leg
end has it that Father sent his three 
sons to school for a year. The son 
who did best could have higher edu
catio n , the m iddle son w ou ld  be 
trained for the army, and the son 
who came bottom would follow his 
father's footsteps as a coachbuilder.

Jean-Martin came top and grad
uated in medicine. W hile working 
as an intern at the Salpetriere, he 
wrote a thesis in which he distin
guished between gout and rheuma
toid arthritis for the first time. He 
spent the rest of his life at the Salpe
triere, becoming, in 1882, the first 
professor of nervous diseases in the 
world. He was world famous in his 
own day largely because of the 
sp lend id  dem onstrations and le c
tures that he devised. He was one 
of the first to break away from the 
trad ition of bedside teach ing . He 
gave a lecture in a hall, well lighted 
and equipped with a magic lantern, 
and brought the patients to illustrate 
points in his lecture, which he dem
onstrated in a most theatrical man
ner; he started the fashion, which is 
so well kept up by neurologists to
day, of imitating any neurologic dis
turbance, from a minor nerve palsy 
to grand mal epilepsy.

He wrote a great deal; in his 
lectures and papers can be found 
first descriptions of intermittent clau
d icatio n , d issem inated sc le ro sis , 
amyotrophic lateral sclerosis, inter
mittent hepatic fever, neuropathic 
joint disease, and oddities such as 
herpes zoster due to compression of 
the posterior root ganglion.

wife, and the awful Rasputin. Hemophilia impaired mediation and 
was one of the causes of the Russian Revolution. There was no 
treatment. The mechanism of blood clotting was unknown. The 
understanding of the clotting defect has been accumulating in the 
past 50 years. All kinds of compounds were tried at first, and factor 
VIII dates from the 1950s.

jVew»*opatKic jo in ts

JEAN-MARTIN CHARCOT  

1868

“I  desire, a t present, to insist upon an  affection, whose exis
tence I  have po in ted  out, a nd  which I  am  accustomed to desig
nate, in order to prejudge nothing, by the nam e o f  arthropathy 
o f  ataxic patients.

“To m y mind, a n d  I  hope to m ake yo u  share m y way o f  
looking a t it, we have here one o f  the m anifold fo rm s o f  spinal 
arthropathy. What is spinal arthropathy, som e amongst yo u  m ay  
ask? I  have proposed to designate by this nam e a whole group o f  
articular affections, which appear to depend directly on certain 
lesions o f  the spinal cord. The irritative lesions o f  the spinal 
cord, especially those which occupy the grey substance, react 
sometimes, yo u  are aware, on the periphery, and  determ ine vari
ous nutritive disorders, either in the skin  or in the deeper parts, 
such as the muscles. The bones a nd  articulations do no t appear 
to escape this law.

“Ataxic arthropathy is evolved w ith clinical characteristics, 
altogether its own, as yo u  w ill soon see, which cause it to consti
tute a really distinct disorder.

“I  w ould also add tha t there is no question here o f  an  
extremely rare a nd  exceptional phenom enon. I  can show yo u  jive  
examples o f  these arthropathies in  about fifty  ataxic patients, 
w hom  I  know  in this refuge. Five cases in fifty, is already a 
respectable number. Taking m y own experience, I  have observed 
this complication o f  ataxia, perhaps thirty times, in priva te  prac
tice a n d  in hospital.

“A w om an aged 49 was adm itted to the Salpetriere on May 
1, 1867. She had  begun to suffer fro m  sym ptom s o f  locomotor 
ataxy ten years previously, a n d  she had  been bedridden fo r  the 
p a st fo u r  years. She noticed on aw akening in the m orning o f  
Ju n e  9, 1860, tha t her left shoulder was swollen, the swelling 
getting progressively less un til it reached the wrist. She was not 
feverish, there was no pain, a nd  she was quite unable to account 
fo r  the swelling.

“Three days later the swelling had  disappeared fro m  the arm  
a nd  the forearm , b u t the shoulder still rem ained larger than  
normal, a nd  there was m arked creaking when the jo in t moved.

“On June 18, in addition to the general swelling o f  the 
shoulder, there was a rounded swelling abou t the size o f  an  
orange situated in fro n t o f  the joint. It fluctuated, a nd  appeared 
to be a distended subdeltoid bursa. The creaking in the jo in t was
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Charcot shoulder joint, 1868.

still more marked. Matters rem ained in this state un til A ugust 2, 
when the p a tien t was seized with diarrhoea, choleraic in charac
ter, o f  which she died on August 15■ The swollen shoulder became 
m uch smaller a fe w  days before death.

“A post-mortem  exam ination m ade on August 16 showed  
that the capsule o f  the jo in t  was m uch thickened, a n d  contained  
som e bony plates in its substance. The synovial m em brane was 
also thickened, a nd  was slightly reddened on its inner surface. 
The cavity o f  the jo in t  contained a little transparent yellow fluid, 
and  there were intraarticular loose bodies. The head o f  the hu 
m erus had undergone the remarkable changes [shown in the 
accompanying figure]. Although the arthropathy had  only lasted 
nine weeks, a large p a r t o f  the head o f  the bone had  disappeared 
as i f  it had  been rubbed aw ay by friction. There was no trace o f  
the articular cartilage, a n d  the globular head was replaced by a 
f la t  or slightly concave surface, worn aw ay a n d  roughened in 
som e parts, sm oo th  a n d  eb u rn a ted  in  others. A fe w  sm all 
rounded osteophytes surrounded this surface, bu t they were quite  
unlike the bony edges which surround a nd  enlarge the jo in t  
surfaces in osteoarthritis.

“The glenoid cavity showed sim ilar changes. The surface was 
worn away like the head o f  the humerus, b u t to a lesser extent. 
Every trace o f articular cartilage had  disappeared, a nd  there was 
no lipping o f  the bone. The clavicle a nd  acromion were norm al 
in appearance. The posterior columns o f  the spinal cord showed  
in a high degree the lesions o f  grey degeneration with atrophy, 
more especially in the dorsal a nd  lum bar regions. The cervical 
cord was affected in the sam e way, bu t to a less extent. The 
posterior nerveroots were clearly atrophied a n d  o f  a greyish 
colour. There were slight traces o f  a posterior spinal meningitis.

“I  shall confine myself, gentlemen, to this sum m ary exposi
tion, which suffices, indeed, to m ake yo u  fa m ilia r  w ith the princi
p a l aspects o f  the arthropathy. . . .

“A. To sum  up: w ithout appreciable external cause, w ithout 
blow or fall, apart fro m  any traum atic accident whatever, the
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local affection appears. A t this m om ent the incoordination is not 
ye t marked, the patien ts do not flin g  about their legs, in a 
disorderly manner. I  m ust insist on this detail, because it answers 
an objection m ade by Herr Volkmann, which has been repeated 
by other surgeons, w ho refuse to see, in  the arthropathy o f  ataxic 
patients, anything else than a traum atic arthritis caused by the 
mode o f  locomotion peculiar to these patients. . . .

“F. With respect to the question o f  frequency, the order o f  
preference begins w ith the knee, then comes the shoulder, next 
the elbow, the hips, a n d  the wrists. B u t the sm all articulations 
are not always spared.”

O stc o a ^tK i'itis

Unlike rheumatoid arthritis, osteoarthritis is to be seen in 
prehistoric skeletons. Osteoarthritis and rheumatoid arthritis were 
words used interchangeably for many years, and diagnosis did not 
m atter much before there was any treatment. In 1831 Robert 
Adams started to use the term morbus coxae senilis—not a name 
that would go down well today—to describe hip osteoarthritis. 
About the same time, Charcot used arthritis deformans to include 
both rheumatoid arthritis and osteoarthritis. The word osteoarthri
tis was first used by Spender in 1889, but he couldn’t separate 
osteoarthritis from rheumatoid arthritis! Not until 1907 did Sir 
Archibald Garrod get them sorted out.

Colies did an autopsy of a Dr. Percivall who had bilateral 
osteoarthritis. “There was fla tten ing  o f  the heads o f  the bones, the 
ivory deposit replacing the absorbed cartilage, a sim ilar deposit 
on the acetabulum: total absence o f  the ligam entum  teres.”

If you look at the proportion of the population who survived 
into the osteoarthritis age group, you will see why this condition 
has become important only recently. In the year 1693 the propor
tion of people who died before 40 years of age was 65%. In 1838 
it was 46%, rising in 1900 to 38%, in 1928 to 24%, and now to less 
than 5%.

Spas

The name spa comes from a town in Belgium, but the Babylo
nians had spas in 2000 bc just as we have Jacuzzis today. They 
were good for aching muscles and joints, as well as being good for 
the skin and for sex. They were fashionable as well. Immersion in 
water has always been a religious rite. Foul-tasting spa water was 
drunk to cure all kinds of disease. With so many benefits, spas 
were very popular. In the United States, catalogues of spas were 
published; in France, they are a social security benefit still. In 
Britain, the first hospital specializing in arthritis was the Royal 
Mineral Water Hospital at Bath, founded in 1742 at the site of the 
Roman Spa.
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Today hydrotherapy still has a role, because water supports 
the weight of the body and reduces the load on joints so that 
active movement is easier. Perhaps therapy on the moon will be 
the next fashion.

Spa Life in Saratoga, 1827
“The pleasure parties a n d  balls every evening in this village 

engross the attention o f  the old an d  young, sick a nd  well, and  
this village place I  fea r  will prepare more souls fo r  destruction 
than these efficacious waters will ever heal infirm  bodies.”

Chapter references are located in Chapter 26.
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In ancient times our forebears knew only of malignant tumors. 
Sarcoma is an ancient term. Pictures of huge, slowly growing 

tumors adorn old books. Old case reports of ulcerating osteosarco
mas describe the kind of patient seen now only in the Third World. 
Small benign tumors were largely unknown until X-rays revealed 
them at the turn of the 20th century.

The m odern treatm ent of tumors starts w ith making an exact 
diagnosis of the type and extent of the tumor. This did not 
happen overnight. More than 100 years passed betw een the 
beginning of histologic diagnosis and the recognition of many 
common tumors.

One of the major advances was the development of a tumor 
registry so that surgeons could agree on a common vocabulary and 
begin to do statistical studies. Before Ernest A. Codman achieved 
this in the 1920s, there had been more ego than fact.

Until recently, malignant tumors killed every patient. This 
led to nihilism about everything—even biopsy. Chemotherapy has 
enabled patients’ lives to be saved, and now all the ingenuity that 
went into the treatment of benign tumors is now applied to malig
nant tumors. This includes such forms of salvage surgery as resec
tion and grafting or prosthetic replacement.

A hand microtome in 1892. The difficulty o f cutting and 
staining sections, especially bone, did not help progress.

2 6 1



Famous Persons

T erry  Fo x  (1958-1981)

Terry was a Canadian teenage athlete studying kinesiology 
when he was found to have an osteosarcoma in his leg in 1977. 
He had an above-knee amputation and then decided to run across 
Canada to raise money for cancer research—The Marathon of 
Hope, he called it. At first he had little support but, as the run 
progressed, he became a Canadian folk hero. His run was chroni
cled on television every night. He started in Newfoundland on 
April 12, 1980, and his disease caught up with him in Thunder Bay 
in September after his unique hop and jump had covered 5373 
kilometers, averaging 40 kilometers a day. He raised $1.7 million, 
and this was matched with $27 million from his fans. He soon 
died, but the Terry Fox Run is now an annual event and a major 
fundraiser for cancer research.

TIMELINE OF TUMORS
Before 1900
1802 In London, The Society for Investigating the Nature and Cure 

of Cancer is founded. They circulated questions to drum 
up interest.

1802 Alexis Boyer divides bone tumors into two species: solid 
osteosarcoma and blood-containing cystic lesions—spina ven- 
tosa.

1804 John Abernethy defines sarcoma as a kind of tumor with a 
firm and fleshy feel. These solid tumors were distinguished 
from hollow, hemorrhagic tumors (mostly giant cell tumors, 
perhaps aneurysmal bone cysts and unicameral bone cysts as 
well), which had been called spina ventosa or bag of wind. 
In 1830 in his collected works he wrote, “An Attempt to 
Form a Classification of Tumors According to Their Anatomi
cal Structure.”

1818 Astley Cooper and Benjamin Travers classify bone tumors in 
a book.

1829 J. C. Recamier distinguishes between primary and secondary 
bone tumors, coining the w ord metastasis.

1829-1842 Jean Cruveilhier, a student of Dupuytren, publishes 
two volumes on pathologic anatomy.

1830 Lister Senior—father of Lord Lister, the inventor of aseptic 
surgery—invents the achromatic microscope lens for the 
microscope. This improves resolution enormously and paves 
the way for histologic diagnosis.

1838 Johannes Muller starts histologic study of tumors.
1845 Herman Lebert advances histologic technology. Until this 

time sections were cut by hand, and fixation, embedding, 
and stains were unknown. He used microscopic appearance 
to classify tumors.

1847 Founding of the journal that came to be known as Virchow’s 
Archives—allowing information sharing.

1845 Paget lectures on pathology.
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1847 Dupuytren: studies of osteosarcoma
1854 Louis Marie Michon: synovial tumors
I860 Auguste Nelaton: monograph on giant cell tumor
1863-1867 Rudolf Virchow writes a three-volume book on tumors 

and writes m uch on sarcomas.
1869 The medical school at Harvard starts laboratory learning with 

microscopes, chemistry, and physiology. The basic sciences 
become a part of education. No longer is it enough to walk 
the wards.

1876 Morris resects a giant cell tumor from the wrist.
1879 Sam W. Gross published a classic review of 165 sarcomas of 

long bones—70 were giant cell tumors. This was the first 
focused review, about 80 pages long.

1892 Bloodgood begins studies on giant cell tumor. This tumor 
had provided surgeons w ith a chance to show ingenuity. 
After curettage, a variety of methods were used to kill the 
remaining tum or cells—iodoform, cyanide, phenol, and liq
uid nitrogen. Salvage surgery needed more ingenuity than 
amputation.

After 1900
1909 Codman’s triangle described—a diagnostic sign of osteosar

coma
1920 Broders’ grading system; he describes the degree of malig

nancy.
1920 Codman starts a bone tumor registry to produce uniform 

nomenclature and define pathologic features.
1921 Because of the poor success of surgical treatment of malig

nant tumors, William B. Cooley used bacterial toxins and 
published a book. He started this after observing that an 
attack of erysipelas had caused an inoperable recurrent sar
coma to disappear.

1921 Ewing’s tumor described.
1921 Bloodgood publishes on giant cell tumor.
1931 Codman describes chondroblastoma.
1931 Geschickter and Copeland: book on tumors.
1932 First paper to distinguish giant cell tumor from osteosar

coma—Kirklin
1935 Jaffe describes osteoid osteoma.
1940 Jaffe: eosinophilic granuloma
1941 Jaffe and Lichtenstein: nonossifying fibroma
1941 Jaffe, Lichtenstein, and Sutro: pigmented villonodular synovi

tis
1952 Lichtenstein: book on tumors
1952 Jaffe describes aneurysmal bone cyst.
1953 Arthur Purdy Stout writes a fascicle on soft tissue tumors for 

the Armed Forces Institute of Pathology.
1955 Ottolenghi: needle biopsy for the spine
1957 Dahlin at the Mayo Clinic writes a monograph on more than 

2000 tumors.
1958 Jaffe publishes a book on bone tumors.
1958 George T. Pack and Irving M. Ariel publish Tumours of 

Soft Tissues. They codified tumors difficult to categorize and 
emphasized en bloc resection of the compartment.

1980 Enneking: surgical staging
1981 Scaglietti: injection of bone cysts.

♦ Sam W. Gross (1837-1889)

Son of famous Sam D. Gross who 
w as featured in Thom as Eakins' 
painting "T h e  G ross C l in ic ."  He 
graduated from Jefferson in Philadel
phia, and joined the Union Army in 
the C ivil War. He followed father as 
professor of surgery at Jefferson. He 
died of infection; his w idow married 
Sir W illiam  Osier.

♦  Henry J. Jaffe (1896-1979)

He became pathologist to the Hospi
tal for Joint Diseases, New York, in 
1928 and added to our repertoire 
of diseases. He wrote textbooks and 
provided a reference service to pa
tients around the w o rld . He de
scribed osteoclastoma in 1932, oste
oid osteoma in 1935, eosinophilic 
granuloma in 1940, pigmented villo
nodular syn o v it is  in 19 41 , cho n
droblastoma in 1942, nonossifying 
fibroma in 1942, chondroid myxo
fibrom a in 1948 , and aneurysm al 
bone cyst in 1952— many with Lich
tenstein. (Not to be confused with 
Norman Jaffe— no relation.)

♦  Louis Lichtenstein (1906-1977)

He was pathologist for 12 years at 
The Hospital for Joint Diseases. He 
wrote two textbooks and unified his
tiocytosis X.



A  B n ef "History of 
Pathology

The ancient Egyptians had a wonderful opportunity to become 
experts on gross pathology. For 50 centuries bodies w ere 
embalmed—the viscera were removed from millions of corpses. It 
was a potential autopsy for everyone—the key to correlating the 
clinical state with pathology, but nothing was learned, nothing was 
written. Think how  much we have learned in just one century and 
m ultiply the opportun ity  they had by 50. Remarkable people 
though they were in many ways, they certainly had an aversion to 
medical knowledge. A parallel can be found in the thousand-year 
tradition of bloodletting in Europe. Nothing was learned about the 
chemistry of the blood or about hypertension until the time the 
practice came to an end around the end of the 19th century.

The Greeks burned their dead and early Christians considered 
an autopsy to be sacrilegious, so that no progress was made by 
them either. All kinds of stray observations were made. But pathol
ogy became a recognizable subject only when Faculties of Medicine 
became enlightened after the French Revolution, and when Lin-
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Arendt’s automatic tissue processor, 1909.
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naeus showed the way to classify biologic material. Many patients 
died of their diseases in these days, so that it was a golden time to 
compare the clinical and pathologic appearances.

Although Leeuwenhoek started to look down a microscope 
and identify cells in 1677 and Johannes Muller wrote a book on 
the finer structure of tumors in 1838, histologic technique was not 
advanced enough to be useful. Not until 1858, in Wurzburg, Ger
many, was the cellular theory written by Virchow, which changed 
pathology forever. The compound microscope was invented by 
Lister’s father in 1830. Tissue sections were cut with freezing 
microtomes after Benedikt Stilling left a piece of spinal cord by a 
window in the winter of 1842 and found it easier to section. 
Bone was decalcified with acid from 1848 onward. Fixation with 
formaldehyde goes back to Blum in 1893. Paraffin embedding 
started in 1881. All kinds of colors for staining the tissues were 
tried in the 1870s and 1880s.

Suddenly, looking down a microscope helped make a diagno
sis. Until this time it had been a basic science tool that advanced 
knowledge but could not be applied to help individual patients. 
Pathology moved into routine clinical practice.

The phrase “Come in for a biopsy” was first heard around 
1870.

The most benefit to orthopaedics has been in the field of 
tumors, and many benign and malignant forms have been differenti
ated.

The electron microscope, invented by Canadian James Hillier 
in 1937, showed a submicroscopic world, and now molecular 
pathology is the hot interest because of monoclonal antibodies and 
other techniques.

B roders’ C lassification, 1920

This is included because it illustrates how a concept that has 
proved useful for years can start with a simple intuitive, untested 
idea. Broders was working in the department of surgical pathology 
at the Mayo Clinic on epitheliomas of the lip.

“In studying these epitheliomas it occurred to m e that they 
should be graded according to differentiation a n d  mitosis, special 
stress being laid on the former. The grading was m ade on the 
basis o f  1 to 4, a nd  absolutely independent o f  the clinical history. 
I f  an  epithelioma shows a m arked tendency to differentiate, 
that is, i f  about three quarters o f  its structure is differentiated  
epithelium a nd  one fo u rth  undifferentiated, it is graded 1; i f  the 
differentiated a nd  undifferentiated area are about equal, it is 
graded 2; i f  the undifferentiated epithelium fo rm s about three 
fourths a nd  the differentiated area abou t one fourth, it is graded  
3; i f  there is no tendency o f  the cells to differentiate, it is graded  
4. O f course the num ber o f  tnitotic figures a nd  the num ber o f  
cells w ith single, large, deeply staining nucleoli p lay an im portant 
p a rt in the grading.”
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O steosarcom a

Alexis Boyer 
1804

Boyer’s lectures on bone disease had a chapter on osteosar
coma and distinguished between osteosarcoma and giant cell tu
mor.

♦ Alexis Boyer (1757-1833)

LE C T UR E S

B O Y E R

DISEASES OF T H E  BONES:

SYSTEMATIC TREATISE

B Y  A. R I C H E R  A N D ,

fROPRIIOR OP ANATOMY AND PHILOSOPHY, AND PRINCIPAL 

SURORON TO THE NORTHERN HOSPITAL AT PARIS.

B Y  M . F A R R E L L ,  M . D .

LONDON:

PRINTED FOR JOHN MURRAY, 32, PLEET STREET j  
■ ILL AND BRADFUTE, EDINBURGH ; AND 

GILBERT AND HODGES, DUBLIN.

1804.

Title page of Boyer’s book.

“The firs t variety, which merits particularly the nam e o f  
osteosarcoma, which signifies, in itself, the conversion o f  an  
osseous substance into flesh: it m ay be doubted, however, i f  the 
nam e o f  flesh be properly applied to this substance, which resem
bles rather a scirrhus o f  soft parts than flesh, a nd  which presents 
no m ark o f  organization. The soft parts which surround a bone 
participate in the disease, which is always announced by very 
acute pains, a nd  which originates som etim es fro m  an  internal 
disease, a n d  particularly fro m  the cancerous virus; a t other times, 
fro m  an  external cause, as a violent contusion; in m any cases it 
can be traced to no cause.

“The second species, nam ed  spina ventosa, or poedarthro- 
cace, consists in  a  swelling o f  the head or body o f  a long bone, 
in  such a m anner as tha t its cancelli become very much enlarged. 
The medullary m em brane which lines these cancelli becomes 
thick, a n d  granulations sprout fro m  it, which destroy by their 
growth the substance o f  the bone, so tha t there only remains an  
external shell filled  w ith sm all holes.

The osteosarcoma, o f  whatever species, is in general a dan
gerous disease, a nd  often requires am putation o f  the part.”

Codman's Triangle 
1909

“The reactive triangles a t the bases o f  osteogenic sarcomas 
are norm al new  bone w ith which nature endeavours to check 
the progress o f  the disease. In  the macerated specimen, it is seen 
tha t this triangle, since it is present a t the periphery fro m  all 
angles, really fo rm s a  trumpet-shaped affair which holds the old 
shaft as a candlestick holds a candle. This collar o f  bone is 
constantly being absorbed an d  renewed a t a lower level.”

Enneking Staging 
1980

In 1959 the American Joint Committee for Cancer Staging and 
End Result Reporting started work but failed to produce a satisfac
tory system for musculoskeletal tumors. The system produced by 
Enneking, based on a huge collection of carefully studied cases, 
became the accepted method.

An osteosarcoma. From Boyer, 1804.

“A surgical staging system fo r  m usculoskeletal sarcomas is 
m ost logically accomplished by assessment o f  the surgical grade 
(G), the local extent ( ! )  a nd  the presence or absence o f  regional
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♦ William Enneking

Until recently he was the professor at Gaines
ville , Florida. After training with Hacker, he 
became a surgeon-pathologist. He built a unit 
that studied every tumor and used the infor
mation for research, a museum, books, in
structional courses, and a video disc. Many 
contemporary tumor surgeons have studied 
with him.

or distant metastases (M). Neoplasms are divided into two grades: 
low (G l) an d  high (G2). The anatom ic extent or setting CO 
indicates how  the surgical procedure is likely to be accomplished 
or even whether the desired m argin can be achieved a t all. 
Therefore the two stages are subdivided by whether the lesion is 
intracom partm ental (A) or extracom partm ental (B).”

He defined what was meant by different margins removed 
during operation and showed that the system correlated well with 
outcome.

Codman's Register 
1920

“In August 1920, the follow ing letter was sent as a circular 
to every m em ber o f  the Am erican College o f  Surgeons:

“Dear Doctor: Have you  any living cases o f  bone sarcoma? 
Include in this question, recent cases which are now  under treat
m en t a n d  also any cases which yo u  m ay consider as having  
recovered.

“I  have a p a tien t w ith a sarcoma o f  the ilium, who is having  
treatm ent w ith radium, a nd  I  am  m ost anxious to get in touch 
with other surgeons who have sim ilar cases, whether o f  the ilium  
or o f  other bones, or whether their treatm ent is by surgery, by 
Coley toxins, by radium, or by other agencies.

(He asks for clinical information only because, at this time, 
biopsy was thought to provoke metastases.)

“We fee l that these cases are too rare fo r  each individual 
clinic to work alone, a nd  tha t the p la n  outlined will bring before 
surgeons in general, in the m ost rapid possible manner, the facts 
as they develop.

“E. A. Codman, M.D.’’

His patient died and proved to have a metastatic lesion in the 
ilium, but in the meantime he had 454 replies of which only four 
were cases surviving more than 5 years.
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“So it occurred to us to continue this clinical research as a 
p erm anen t Registry o f  Bone Sarcomata.” And he persuaded the 
College to fund and promote it. He noted that many surgeons were 
treating just a few cases and the outcome was unknown. Each case 
was like an unscientific experiment involving amputation or radium 
burns. “The public would be horrified i f  a laboratory was p la n 
ning such an aimless an d  cruel series o f  experiments by hundreds 
o f  different experimenters ivho were no t even intending to record 
their experiments so that their errors m ight no t be repeated.”

( E w i n g ' s  S c i k c o m a

♦ James Ewing

J a m e s  E w in g  (1 8 6 6 -1 9 4 3 )

He was born in Pittsburgh on Christmas Day. When he was 
14 years old he had osteomyelitis of the femur and spent 2 years 
in bed. He had a tutor and entered a competition to make the 
largest number of words from the word Constantinople. He won 
the prize, a microscope, which shaped the rest of his life. He had 
a limp and draining sinus all his life. He studied medicine in 
New York.

His wife died of eclampsia, and Ewing raised his child, never 
remarrying.

While working in a pathology laboratory at Bellevue, he inter
ested a philanthropist, James Douglas, in tumors, which led to the 
founding of the Memorial Hospital for the Study of Cancer and 
Allied Diseases. He was pathologist to the hospital and gained a 
huge experience that led to his book, Neoplastic Diseases, pub
lished in 1919.

In 1920 he described the tumor that bears his name. A story 
circulates in our hospital that our pathologist sent him a slide for 
confirmation of what he took to be a Ewing sarcoma. Ewing sent 
it back with a note, “This is not a Ewing sarcoma and I enclose a 
slide of a typical example.” To our pathologist, they looked the 
same. After some days of thought he soaked the label off the slide 
he had been sent, put his own label on, and mailed it back to 
Ewing. It came back with the same note and another slide.

Ewing appeared on the cover of Time magazine January 12, 
1931.

DIFFUSE EN D O TH ELIO M A O F BONE
EW ING'S SARCOMA, 1921

“For some years I  have been encountering in  m aterial curet
ted fro m  bone tum ors a structure which differed markedly fro m  
tha t o f  osteogenic sarcoma, was no t identical w ith any know n  

fo rm  o f  myeloma, and  which had to be designated by the vague 
term  ‘round cell sarcom a’ o f  unknow n origin a nd  nature. I  had  
no opportunity o f  follow ing the course or learning the outcome 
o f  these cases, as m ost o f  them were treated by am putation o f  
the limb.
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“Recently a case came under observation a t the M emorial 
Hospital which revealed tha t this tum or is highly susceptible to 
radium, a fa c t that convinced m e tha t the disease was entirely 
different fro m  osteogenic sarcoma, which resists treatm ent by the 
physical agents.

“The story o f  this case is briefly as follows:
“A fourteen-year-old girl had  been treated by an outside 

physician in 1918 fo r  nasal discharge a nd  occasional bleeding. 
Some ocular sym ptom s led to the suggestion o f  congenital lues, 
a nd  a Wassermann reaction being weakly positive, salvarsan  
was administered. In November, 1918, while pu lling  on a rope, 
a spontaneous fracture o f  the ulna recurred a nd  continued with  
p a in  a nd  disability un til a well-marked tum or occupied the upper 
p a r t o f  the arm. This tum or was noted to fluctua te  in size. The 
veins o f  the skin were dilated, a n d  the appearance led to the 
diagnosis o f  osteogenic sarcoma. Eight injections o f  Coley’s toxins 
were administered a t M ount Sinai Hospital, ivithout notable ef

fect.
“On April twelfth a t the M emorial Hospital a radium  pack  

o f  12,760 millicurie hours was applied to the arm  a n d  follow ed  
by two other packs a t intervals o f  two weeks. The tum or began 
to recede a t once a n d  a t the end o f  five  weeks no external 
swelling remained.

“On admission the radiograph showed a  peculiar diffuse 
fad ing  o f  the upper h a lf o f  the shaft o f  the radius, a nd  a fa in t  
line fro m  the old fracture. The outline o f  the slightly swollen 
shaft was smooth; there was no bone form ation, no p o in t o f  
perforation, or area o f  erosion o f  the shaft, all o f  which features 
told against osteogenic sarcoma. The prom pt recession under  
radium  was also quite unlike our experience with osteogenic 
sarcoma. With the recession o f  the tum or the shaft was well 
restored a n d  norm al fu nc tion  regained. The p a tien t left the hospi
tal w ith instructions to return weekly fo r  observation, which was 
continued fo r  several months.

“The p a tien t then cam e under the care o f  her original physi
cian who noted persistence o f  the nasal a nd  ocular sym ptom s 
a nd  regarding the tum or o f  the radius as luetic, he instituted  
vigorous treatm ent by salvarsan. The injections, however, were 

follow ed by severe toxic symptoms, vomiting, bloody urine, col
lapse, an d  progressive anemia. Later injections o f  cacodylate o f  
sodium  were adm inistered fo r  the anem ia. The p a tien t fa iled  
steadily a n d  the tum or o f  the arm  began to reappear. There was 
now an  irregular fever up to 103 °E The urine fa iled  to show  
Bence Jones protein.

“In  October 1920, the p a tien t returned to the M emorial 
Hospital w ith a definite recurrence o f  the tumor, a nd  owing to 
the conflict o f  opinion, a portion  o f  tissue was removed fo r  
diagnosis. It proved to be a round cell growth o f  the above- 
m entioned type. Other tum ors had  now  appeared p la in ly in the 
skull. There was exophthalmos. The eye grounds showed choked 
disc a nd  nerve atrophy. The radiograph o f  the lungs was negative. 
A nem ia a nd  cachexia progressed rapidly a nd  death occurred on 
December 23, 1920. The total duration was about thirty months.
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“During the p a st fo u r  m onths I  have seen six other cases o f  
this disease. They occurred in subjects fro m  fourteen to nineteen 
years o f  age. The bones affected were tibia, ulna, ischium, pari
etal, a nd  scapula. The tum ors grew rather slowly, requiring some 
m onths to attract attention, bu t they were accompanied by at
tacks o f  p a in  a nd  disability.

“The radiographs gave characteristic features on which a 
diagnosis m ay be based w ith considerable certainty. A large 
portion or the whole o f  the shaft is involved, bu t the ends are 
generally spared, contrary to the rule w ith osteogenic sarcoma. 
The shaft is slightly widened, bu t the m ain  alteration is a gradual 
diffuse fad ing  o f  the bone structure. Bone production has been 
entirely absent. Some o f  the bones appeared honeycombed. Perfo
ration o f  the shaft an d  sharp lim itation o f  the process are w ant
ing. The central excavation w ith w idened bony capsule, as seen 
in benign g ia n t cell tumors, is missing. The radiograph is there

fore rather specific.
“Under radium  treatm ent the tum or recedes a nd  the shaft 

gradually becomes well defined with little deformity a nd  no 
eccentric bone form ation.

“In  seven cases the tissue was exam ined microscopically, and  
in all the structure was nearly identical. The growth was com
posed o f  broad sheets o f  sm all polyhedral cells w ith pale cyto
plasm, sm all hyperchromatic nuclei, well-defined cell borders, 
a n d  complete absence o f  intercellular material. Hydropic degen
eration often affects large islands o f  cells, in which only nuclei 
an d  cell borders are visible. Necrosis occurred after radium  appli
cations. There is very little desmoplastic quality, b u t the tum or  
cells readily infiltrate muscle a n d  pass along the fasciae. In none 
were pu lm o n a ry  or other fo rm s o f  metastases observed. In the 
case cited the tum ors o f  the skull were regarded as prim ary and  
o f  long standing. In  som e sections the cells were o f  increased 
size, while in others they were smaller a nd  more compact, and  
approached the morphology o f  p lasm a cells. However, no definite 
areas o f  p lasm a cells have been seen in any case.

“The probable endothelial nature o f  the tum or was sug
gested by the fo rm  o f  the cells, a n d  especially by the appearance 
in broad sheets o f  polyhedral cells w ithou t intervening stroma. 
This origin, however, d id  no t seem to be fu lly  supported un til I  
encountered sections in  one case in  which the cells were fo u n d  
to line a  com plex series o f  fin e  channels enclosing in tact blood. 
Here the en d o th e lia l character o f  the cells w as q u ite  p ro 
nounced, b u t they were m uch sm aller than those occurring in 
angioendotheliom a, w ith  which this tu m o r is doubtless closely 
related. In  other portions o f  the sam e growth the cells appeared 
in  d iffuse sheets w ith o u t capillary lum ina, as seen in  other 
tum ors o f  the series.

“The exact p o in t o f  origin o f  the growth is not clear, bu t the 
early rarefaction o f  the bone indicates tha t the disease begins in 
the blood vessels o f  the bone tissue. Yet an involvement, sim ulta
neous or early, o f  the vessels o f  the bone m arrow  cannot be 
excluded. In  the discussions o f  multiple endothelioma in the
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literature some authors thought they could trace the origin to 
the vessels, blood or lymph, o f  the periosteum. M any multiple 
endotheliom as, as in M arckw ald ’s case, have appeared well 
w ithin the bone marrow.

“The designation o f  the tum or as endothelioma rather than  
as m yeloma seems advisable, since myeloma is properly reserved 
fo r  tum ors derived fro m  the specific cells o f  bone marrow.

“The m ain  p o in t o f  the present com m unication lies in the 
dem onstration that there is a rather com m on tum or occurring 
in young  subjects, com m only identified w ith osteogenic sarcoma, 
a nd  usually called round  cell sarcoma, which is really o f  endothe
lial origin, a nd  which is m arked by such peculiar gross ana tom i
cal, clinical, and  therapeutic features as to constitute a specific 
neoplastic disease o f  bone.”

Ciiant Cell Twmoi*

Joseph Bloodgood
1912

Bloodgood noticed that there was something different about 
patients with giant cell tumor. When he wrote to them in a follow- 
up study, “Practically all o f  these patients answered the letters. 
Most o f  the other cases o f  bone sarcoma had  died o f  the disease. 
. . .  I  have been able to study pretty carefully 52 cases. . .”

“In conclusion we m ay em phasize the follow ing points:

“1. Up to the present tim e we have no p ro o f tha t the pure  
giant-cell sarcoma ever metastasizes. I t is a question, 
therefore, whether it should be called a sarcoma.

“2. Conservative treatm ent is justifiable. Curetting should, 
in some localizations o f  the tumor, be the operation o f  
choice. B u t in those localizations where resection in 
continuity does no t interfere w ith function , resection 
becomes the operation o f  choice; fo r  example, upper 
end o f  fibula, lower end o f  ulna.

"3. I t is justifiable to attem pt curetting to preserve function, 
even when conditions suggest a great probability o f  
recurrence. There is no position where curetting is not 
justifiable as a first attempt. It has succeeded when the 
entire lower end o f  the fe m u r  was involved.

“4. A m ong 2 6  cases subjected to curetting there were five  
recurrences: one has rem ained well after a second curet
ting; three after resection; a n d  one after an  am putation. 
I  am  confident tha t the num ber o f  successful cases o f  
curetting will depend chiefly on the num ber o f  attempts.

“5. Twenty-two cases were subjected to p rim ary  resection: 
one recurred an d  was cured by am putation.

“6. As I  fo u n d  only five  cases in the literature o f  g ia n t cell 
sarcoma subjected to p rim ary  am putation, a nd  there

♦  Joseph Bloodgood (1867-1935)

Surgeon at Johns Hopkins and D i
rector of surgical pathology.
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are nine in m y own list, one can fee l pretty certain that 
m any o f  these cases are no t reported, except in statisti
cal studies fro m  large clinics.

“7. A fter curetting or resection, the w ound should be disin
fected  w ith pure carbolic acid followed by alcohol or 
chloride o f  zinc  solution. The operation should always 
be done, i f  possible, under an Esmarch.

“This procedure is no t indicated because o f  the malig
nancy o f  the giant-cell tumor, bu t because in curetting 
we leave cells a nd  disseminate cells, while in resection 
we m ay inadvertently cu t into the tumor. There is ap
parently no danger in recurrences, except tha t they 
subject the p a tien t to a second operation a nd  perhaps 
more mutilation.

“8. I t is not necessary to perform  the bone transplantation  
a t the p rim ary  operation unless a single bone like the 
hum erus or fe m u r  is divided in its continuity. In  simple 
cases there is no reason why the transplantation should  
not be perform ed a t the sam e time, b u t in some cases 
the resection m ay be tedious and  bloody, a nd  the p a 
tient m ay not be in good condition. In  such cases it 
will be safer to transplant a t a second operation.

“9. I  th ink I  am  the first to recom m end a nd  to practise 
direct transplantation into the bone cavity after curet
ting. I  am  sure tha t this procedure will grow in value 
a n d  im portance as we a ttem p t curetting  m ore fr e 
quently.

“10. My experience teaches m e that it is simpler, when possi
ble, to get the bone fo r  filling the defect by splitting the 
bone w hich has bee?i resected. This can be accom 
plished through a single wound. When this cannot be 
done on account o f  the large defect, one can remove 
the upper third o f  the fibu la  w ithout injury to the 

fu n c tio n  o f  the limb, or chisel large pieces fro m  the 
tibia w ithout destroying the continuity o f  the bone.

“11. In every case in which the X-ray shows a medullary 
shadow the urine should be exam ined fo r  Bence Jones 
bodies; the latter indicate the presence o f  a multiple 
myeloma, or metastatic carcinoma.

“12. I  should caution against the surgeon m aking  a positive  
diagnosis o f  either a bone cyst or a giant-cell sarcoma. 
The more X-rays I  see, the less confidence I  have in m y  
ability to m ake a differential diagnosis, except in the 
later stages.

“13- The positive diagnosis m ust be made a t the exploratory 
incision. The bone cyst as a rule can be recognized by 
its blood-stained contents; the giant-cell sarcoma by its 
red, vascular tissue, which looks like granulation tissue. 
B ut the giant-cell tum or often has white areas o f  ostitis 
fibrosa a n d  the ostitis fibrosa often red giant-cell areas. 
The two are often mixed. One tissue, however, predom i
nates. The less experienced surgeon should always aid  
him self w ith a frozen  section."
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C K o n d ^ o b l o s t o m c i ,  *1^3^

Codman was the first to describe this tumor. His first case had 
been published as a sarcoma, then as a giant cell tumor, and it was 
even reported as a benign tumor. Several eminent pathologists flip- 
flopped. Such was the state of diagnosis. He looked after none of 
these nine patients himself—they were all from the registry he 
started. Their similarity was evidence for the recognition of a new 
species of bone tumor. It was a fruit of his tumor registry.

Treatm ent of Tumors

At first malignant tumors were treated by amputation or local 
resection; the results were dismal.

In the 1920s there was a move away from surgery to such an 
extent that some surgeons avoided even biopsy. Radiation followed 
by amputation for the survivors had a vogue. Coley’s toxin was a 
primitive attempt at chemotherapy.

Chemotherapy for various cancers started with nitrogen mus
tard, which had been developed for chemical warfare, but nothing 
was effective against osteogenic sarcoma. Methotrexate was discov
ered in 1948 but was ineffective in conventional dosage. Then in 
1972 methotrexate with citrovorum rescue was reported by Djera- 
ssi for lung tumor patients with success. Norman Jaffe started to 
use the combination at the Children’s Hospital, Boston, in 1971, 
beginning with children with pulmonary metatastases. The good 
results prompted a trial on patients without visible metastases. The 
results were published in 1974, and the graph tells the tale. The 
goal changed from lifesaving to limbsaving.

Survival w ith  and w ith o u t chem o
therapy. The beginning of a new  era. 
From Jaffe N, Frei E, Traggis D, 
Bishop Y: N Engl J Med 1974, 291, 
994-997, Fig. 3. Reproduced with 
permission.
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Obviously, extensive am putations w ere done mostly for 
wounds, with a few for infection, and the examples given here 
were done for tumors. This is not a history of amputations.

F o req u a rter A m putation

1838 Philadelphia: George McClellan 
1893 Paul Berger

H in d q u a rter  A m putation

1895 Charles Girard
1916 J. H. Pringle
1940 Gordon Gordon-Taylor

R adia tion  a n d  A m putation  o f  S urvivors  
1940 Albert Ferguson 
1955 Stanford Cade

Amputation f o r  Tumor

♦ Erich Lexer (1867-1937)

He studied in Wurzburg and worked 
in Berlin and Munich. He had many 
original ideas. He did whole joint 
transfers.

TIMELINE OF SALVAGE SURGERY
1828 Valentine Mott: clavicle for osteosarcoma—patient died 
1876 H. Morris: distal forearm resection for giant cell tumor 
1889 Volkmann curetts bone tumors.
1894 Clutton excises giant cell tumor of radius.
1895 J. Mikulicz: excision of the distal femur and fusion of the 

remaining femur to the tibia
1907 Erich Lexer: transfer of whole joints
1912 Joseph Bloodgood: reconstruction w ith what remains after 

excision
1922 F. Saurbruch: “Turn-up-plasty” of tibia after excision of the fe

mur
1928 B. E. Linberg: excision of the scapula 
1930 Borggreve: femoral rotationplasty 
1936 Albee: bone grafts 
1940 Phemister: bone grafts
1943 Moore and Bohlmann: hip prosthesis for giant cell tumor 
1950 Cornelius Pieter Van Nes: rotationplasty 
1960s Jackson Burrows: massive resections and prosthetic replace

ment for aggressive tumors 
1966 Parrish: bone grafting
1970s Massive allografts: Volkov, Nilsonne, Koskinen, Ottolenghi, 

Mankin 
1974 Marcove: cryosurgery 
1977 Enneking: resection arthrodesis of the knee 
1977 Taylor: replacement with vascularized fibula 
1982 Kotz: rotationplasty for distal femur

SALVAGE SURGERY FOR OSTEOSARCOMA 

DALLAS PHEMISTER, 1925

“In carefully selected cases, resection o f  bone sarcoma and  
repair o f  the defect w ith a  bone graft is a justifiable procedure



Chapter 12 ♦ Tumors 275

which m ay save an  extrem ity an d  carries only slightly more risk 
to life than does an am putation. . . .  A lim ited percentage o f  
extremities could be saved that are now  being sacrificed by 
am putation.”

C o n c l u s i o n s

The methods of operating have really not changed much in 
100 years. Limb-saving surgery—developed for benign tumors—is 
now used for malignant tumors. The big change has been in the 
repertoire of tumors that have been identified and in the use of 
chemotherapy. This supports the general contention that the ad
vances that have made a difference have come from outside ortho
paedics.

R eferences

Chapter references are located in Chapter 26.





♦  C h a p t e r  T h i r t e e n

Ccncml Bone 
T> iseases

Bones are like the walls of a house; everything takes shape from the 
skeleton. Galen

Not so long ago there were more young children with rickets 
than without. Every child with crooked limbs was thought to 

have rickets. Until the 1920s, rickets made up a large part of 
children’s orthopaedics. Only after it became known how to pre
vent rickets in the 1920s were other dysplasias discovered. Then, 
Sir Thomas Fairbank put together a collection of funny looking 
radiographs under the title A n Atlas o f  General Affections o f  the 
Skeleton in 1951; some order was made of chaos. These individu
ally rare, but collectively common, bone dysplasias changed from 
being curiosities to being a diagnostic and therapeutic challenge. 
Radiologists led the field in separating them. Advances in biochem
istry in the 1960s carried knowledge forward but reached a blank 
wall until DNA sequencing started the race to identify the gene.

At the other end of life, osteoporosis is a big concern. This 
was overlooked in the past because people seldom lived long 
enough to develop it.

The swaddled child is a comm on symbol of idyllic childhood. The original piece of 
art was produced by Luca della Robbia for Brunelleschi’s Hospital for Infants in 
Florence in 1445. Children w ere swaddled for tw o reasons—first, to prevent limb 
deformities due to rickets and second, to stop them  from crawling, which was 
viewed as animal behavior. Only later was swaddling incriminated as a risk factor 
for hip dislocation. This symbol is going out of favor.
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A ie c  Approbation } & Privilege du R q 'i,

Title page of book of Glisson and 
associates, 1651

Levacher’s book on rickets, 1772. 
This is the younger brother of the 
Levacher w ho is mentioned in Chap
ter Six on the cervical spine. Rickets. Bouvier: 1858

'Rickets
During the Industrial Revolution, rickets affected the majority 

of children. Frequent deformities resulted from the smog that 
filtered sunlight and a diet with so much bread that calcium and 
vitamins were inaccessible. Many osteotomies were done. Only in 
the 1920s did rickets begin to disappear as a result of dietary 
supplements. Starvation in times of war causes a resurgence. At 
these times, crooked legs in children spell rickets—hence there 
should be no surprise that small children with crooked legs are 
still viewed so seriously by elderly relatives.

A rachitic skeleton: Humphry

Rickets affected more than half the 
children born before 1920. The de
formities in weight-bearing bones 
were dramatic. From Kirmisson E: 
Acquired deformities of the locomo
tor system in infants and adoles
cents. Paris: 1902.
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TIME LINE OF RICKETS

300 b c  Lu Pu Wei describes crooked legs and hunchback.
200 b c  Soranus of Ephesus
180 a d  Galen describes rickets.

1230 Bartholomeus Anglicus: “The limbs o f the child may easily 
and soon bend and take diverse shapes. And therefore 
children’s members and limbs are bound with bandages 
that they be not crooked or evil shaped.” This was the 
origin of binding infants, which created the symbol of 
some old Italian children’s hospitals. It also stopped infants 
from crawling, which was thought to be a throwback to 
our animal past.

1634 The word rickets was first used in London, Bill of Mortality.
1645 Daniel Whistler; book on rickets provides a clinical descrip

tion but does not attract the attention of Glisson.
1650 Francis Glisson wrote a book on rickets, calling it rachitis, 

w hich is Greek for spine. Rickets is an old w ord related to 
the phrase, “He ricked his ankle,” meaning to tw ist or bend 
and injure it.

1669 John Mayow (1643-1679)—a Brit who wrote a monograph 
on rickets

1696 The window tax in Britain. Government started taxing 
properties on the num ber of windows. The citizenry re
sponded by bricking up windows. Dark, airless houses 
are thought to have contributed to increased rickets and 
tuberculosis.

1742 Nicholas Andry writes about rickets but does not add any
thing useful.

1800s Delpech and Bouvier draw skeletons of rachitic patients.
1824 Schutte: em pirical discovery that cod liver oil p rotects 

against rickets
1883 Thomas Barlow distinguishes between acute scurvy and 

acute rickets for the first time. Both produced children 
with limb pain, inability to walk, and deformity. When X-ray 
was discovered 12 years later, the distinction became easy.

1894 Bethnal Green study shows a high incidence of tuberculo
sis, rickets, and scurvy in schoolchildren.

1899 Theodor Escherich in Vienna: 97% of infants aged 9-15 
months have rickets.

1900 J.L. Morse finds that 80% of all infants under 2 years have 
rickets in Boston.

1904 Askanazy: parathyroid tumors cause osteitis fibrosa
1908 L. Findlay produces rickets in puppies raised in the dark.
1909 Schmorl finds at autopsy that 89% of children aged 2 

months to 4 years have signs of active or healed rickets.
1917 Alfred Hess and L.J. Unger describe prevention w ith cod 

liver oil or by ultraviolet radiation.
1921 Hess notes that 75% of children in New York have rickets.
1921 Sir Edward Mellanby experiments on puppies and produces 

nutritional rickets.
1922 Vitamin D was identified in fat by McCollum at Johns Hop

kins.
1925 Collip identifies parathormone.
1949 McCune: vitamin D-resistant rickets

MfillOlRE 

L E S  CA RACTERES GENERAUX

DU RACHITISME;

Title page of Guerin’s book on rick
ets, 1839

♦  Thomas Barlow (1845-1945)

Born at Lancaster. He studied at Uni
versity C o llege H osp ita l, London, 
England and joined the Staff of Char
ing Cross and The Hospital for Sick 
Children, Great Ormond Street, Lon
don. Ph ysic ian  to Q ueen V ictoria  
during her last illness. Lived to be 
100. At UCHI was given the Thomas 
Barlow prize for Medical History—  
fostering a lifelong interest.
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♦ Daniel Whistler (1619-1684)

He studied at Merton College, O x
ford, and took his medical degree in 
Holland at Leyden. His thesis was 
on rickets. He became a president 
of the Royal College of Physicians 
in London, a founder of the Royal 
Society, and a friend of Pepys. 
Som ething bad happened and he 
died in debt and was buried secretly 
for fear his cred ito rs w ou ld  se ize  
his body.

Daniel Whistler qualified at Leyden in 1645 with a thesis 
entitled, The Disease o f  English Children Called in  the 
Vernacular—Rickets. These are some of the features he describes.

“1. Distension o f  the abdom en
2. The epiphyses a t the jo in ts  are massive an d  large out o f  

proportion to the age 
3- Knotty swellings also grow  o u t on the sides o f  the chest 

where the cartilaginous parts jo in  the bony 
4. The whole bony system is in truth flexible, like w ax that 

is rather liquid, so tha t the flabby a nd  toneless legs 
scarcely sustain the weight o f  the superimposed body, so 
tha t the tibiae y ie ld  to the weight a nd  become bent; fo r  
the sam e reason the thighs above are curved a nd  the 
back, through the bending o f  the spine, projects hump- 
fash ion  in the lum bar region.”

Francis Glisson wrote in 1650 that if rickets begins in the 
first year, the children walk late: “ They speak before they walk, 
which am ongst us English men, is vulgarly held to be a bad  
omen.” His account is too long and rambling to print here.

Surgical Treatm ent o f R ickets D eform ity

Closed osteoclasis was never very popular because the bone 
did not break as intended. Fierce machines—osteoclasts—were 
invented, perhaps by the same folk who invented cranioclasts for 
obstetricians. They would break the bone without opening the 
skin, avoiding the risks of infection.

Open osteotomy arrived with anesthesia but carried a death 
rate due to infection. Only after Lister did it become popular. 
Then some surgeons did a vertical femoral intercondylar osteotomy, 
before a transverse metaphyseal osteotomy became the accepted 
technique. In 1875 Volkmann describes two osteotomies using 
the aseptic system of Lister, and by 1880 Macewen had enough 
experience to write a book about osteotomy.

♦  Francis Glisson (1597-1677)

Bom in Dorset, educated at Oxford and 
C am bridge, he becam e professor of 
physic at Cambridge, founder and mem
ber of the Royal Society. An anatomist, he 
described Glisson's capsule, which is in 
liver. D escribed  rickets from autopsy 
findings.
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Vitamin C Deficiency

Scurvy was a brake on exploration. Sea voyages that lasted 
longer than a person’s stores of vitamin C—about 3 weeks—killed 
many sailors until lime juice was used to protect against scurvy. 
Only after lime juice was introduced did intercontinental passenger 
traffic become safer.

TIMELINE OF SCURVY
1753 James Lind: A Treatise on Scurvy (book)
1898 Report of the American Pediatric Society on scurvy 
1928 Ascorbic acid synthesized by Albert Szent-Gyorgi 
1933 Leonard G. Parsons uses ascorbic acid with success for a 

child at Birmingham Children’s Hospital.

Jacques de Vitry was born near Paris; he became a priest 
and went to the Orient during the Crusades. He died in 1244. He 
wrote about scurvy in his history of the Crusades.

“A large num ber o f  the m en in our arm y were attacked also 
by a certain pestilence, against which the doctors could n o t fin d  
any remedy in their art. A sudden p a in  seized the fe e t a nd  the 
legs: im m ediately afterwards the gum s a nd  teeth were attacked  
by a sort o f  gangrene, a n d  the pa tien t could eat no more. Then 
the bones o f  the legs became horribly black, a nd  so, after having  
suffered continued pain, a large num ber o f  Christians w ent to 
rest on the bosom o f  the Lord.” (The skin changes were purpura.)

King Louis of France became a Saint because of his pursuit of 
the Crusades. His army fell to scurvy. Jean, Sire de Joinville in 
the 13 century, wrote:

“We were attacked with the arm y sickness, which was such 
th a t o u r legs shrivelled  up a n d  becam e covered w ith  black 
spots . . .  The gum s became p u tr id  w ith sores a nd  no m an  recov
ered o f  tha t sickness. I t was a sure sign o f  death when the nose 
began to bleed . . .  The p roud  flesh in our m e n ’s m ouths grew to 
such excess tha t the barber-surgeons were obliged to cut it off, to 
give them a chance o f  chewing their fo o d  or swallowing anything. 
I t was piteous to hear through the camp the shrieks o f  the people 
who ivere being operated fo r  p roud  flesh, fo r  they shrieked like 
w om en in childbirth.”

Scurvy in  the New W orld

Jacques Cartier, a Breton explorer, discovered what became 
the St. Lawrence River and Montreal in 1536. During this voyage 
his crew developed scurvy, and a cure was found. This is Hakylut’s 
description.

♦  James Lind (1716-1794)

He was bom in Edinburgh and at 
age 15 was apprenticed to a sur
geon. He joined the Navy as sur
geon 8 years later. He saw two se
vere outbreaks of scu rvy ; in one 
there were 80 cases out of 350 sail
ors. At the naval hospital in the 
south of England he had up to 100 
cases of scurvy under his care at a 
time. He wrote about the appalling 
conditions at sea and how they may 
be improved: An essay on the most 
effectual means for preserving the 
health o f  Seamen in the Royal Navy, 
1757. H e saw  m any tro p ica l d is
eases and in 1768 wrote a book on 
diseases incidental to Europeans in 
hot climates.

♦  Julius Moller (1819-1887)

From Konigsberg in East Prussia. He 
described acute rickets in 1859 , 
which was in fact scurvy.

♦  Leonard Gregory Parsons 
(1879- )
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(He describes the hemorrhagic rash and swollen gums.)
“This sickness spread itself in our three ships. O f about 110 

persons, there were no t more than 10 whole, so that one could 
not help another . . . .  There were already 8  dead a nd  more than  
50  sick an d  as we thought, p a s t all hope o f  recovery.”

(The Captain did an autopsy of one man . . . Then the Captain 
went ashore and saw a person who recovered after having been 
very sick with scurvy.)

“He had taken the ju ice  and  sap o f  a certain tree . . .  ameda  
or sassafras tree.”

(The rest of the crew recovered after taking this remedy.)
“I f  all the physicians o f  Montpelier a nd  Lovaine had been 

there w ith all the drugs o f  Alexandria, they w ould not have done 
so m uch in a year as tha t tree d id  in six days.”

Until Vitamin C was added to diets, long voyages were hazard
ous.

P aget's D isease  of Bone

On a Form of Chronic Inflammation of Bones 
(Osteitis deformans) 

James Paget
1877

“I  hope it will be agreeable to the Society i f  I  m ake know n  
some o f  the results o f  a  study o f  a rare disease o f  bones. The 
p a tien t on w hom  I  was able to study it was a gentlem an o f good  
family, whose parents a nd  grandparents lived to old age with  
apparently sound health, a nd  am ong whose relatives no disease 
was know n to have prevailed. Especially, gou t a nd  rheumatism, 
I  was told, were no t know n am ong them; bu t one o f  his sisters 
died w ith chronic cancer o f  the breast.

“Till 1854, when he was forty-six years old, the pa tien t had  
no sign o f  disease, either general or local. He was a tall, thin, 
wellformed man, fa ther o f  healthy children, very active in both 
m in d  a nd  body. He lived very temperately, could digest, as he 
said, anything, and  slept always soundly.

“A t forty-six, fro m  no assigned cause, unless it were that he 
lived in  a rather cold a nd  dam p place in the North o f  England, 
he began to be subject to aching p a ins in his thighs a nd  legs. 
They were fe lt chiefly after active exercise, b u t were never severe; 
y e t the limbs became less agile or, as he called them “less service
able”, a nd  after about a year he noticed that this left shin was 
misshapen. His general health, however, was quite unaffected.

“I  first saw this gentlem an in 1856, when these things had  
been observed fo r  abou t two years. Except tha t he was very grey 
a nd  looked rather old fo r  his age, he m ight have been considered 
as in  perfect health. He walked with strength an d  power, bu t 
som ew hat stiffly. His left tibia, especially in its lower h a lf was 
broad, an d  fe lt  nodular an d  uneven, as i f  n o t only itself bu t its 
periosteum  a n d  the integum ents over it were thickened. In aPaget’s patient, 1877
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Paget bears m any s im ila r itie s  to 
Dupuytren— he had a clinicopathologic 
approach and recognized several condi
tions for the first time. His descriptions 
are so full and accurate that they have 
not been bettered. He was born in Yar
mouth, the son of a brewer and ship
owner of varying fortunes. After he had 
been apprenticed to the local surgeon 
for four years, he went to St. Bartholo
mew's Hospital. As a student he discov
ered that the little calcific deposits in 
the muscles of cadavers were due to 
a parasite, later identified as Trichina 
spiralis. His father's money ran out and 
he could not afford a surgical dress- 
ership. He does not seem to have occu
pied any su rg ica l post until he was 
elected a consultant in 1847. He was 
curator of the museum and a demon
strator in m orbid anatom y, supp le
menting his meager income as part-time 
subeditor of the London M edica l Ga
zette. As a result of these difficulties he 
was not a brilliant operator but rather a 
sound clin ician and a good orator.

“The popularity of Sir James 
Paget is unbounded. When it is 
known that he is to address a 
meeting, the hall in which he is 
announced to appear is crowded 
with an earnest, intelligent audi

♦  Sir Jam es Paget (1814—1899) ence, which realises that it has 
come to be instructed and pleased, 
and that its expectations will not 
be disappointed. His manner o f 
speaking is entirely free from that 
drawl and hesitation which are so 
common to many o f his coun
trymen. So great is his reputation 
for versatility and for the rapid ac
quisition of knowledge, that it has 
been said of him, ‘Give him six 
weeks and he will lecture on Ori
ental languages’:’Samuel D. Gross 
(1 8 0 5 - 1 8 8 4 ) .

In 1851 he was elected to the Royal 
Society and becam e president of the 
Royal College of Surgeons in 1875. He 
nearly died in 1871 as a result of an 
infected cut he suffered while carrying 
out a postmortem— this led to his resig
nation from Bart's. He was one of the 
many surgeons who nearly died of in
fections in the days before antibiotics. 
The risks were greater for them than 
A IDS is for us.

Good literary style is seldom found 
between medical covers: the accompa
nying excerpt from Paget's first paper 
on osteitis deformans is an outstanding 
example of style. He unfolds the narra
tive as a story.

m uch less degree sim ilar changes could be fe lt  in the lower h a lf  
o f  the left femur. This limb was occasionally bu t never severely 
painful, a nd  there was no tenderness o f  pressure. Every fu nction  
appeared well discharged, except tha t the urine showed rather 
frequen t deposits o f  lithates. Regarding the case as one o f  chronic 
periostitis, I  advised iodide o f  potassium  a n d  Liquor Potassae; 
b u t they did  no good.

“Three years later I  saw the p a tien t w ith Mr. Stanley. He was 
in the sam e good general health, b u t the left tibia had become 
larger, an d  had a well-marked anterior curve, as i f  lengthened 
while its ends were held in place by their attachm ents to the 
unchanged fibula. The left fem u r  also was now  distinctly en
larged, a nd  fe lt  tuberous a t the ju n c tio n  o f  its upper a nd  middle 
thirds, a nd  was arched forw ards a nd  outwards, so tha t he could 
not bring the left knee into contact w ith the right. There was also 
some appearance o f  w idening o f  the left side o f  the pelvis, the 
nates on this side being fla ttened  an d  lowered, a nd  the great 
trochanter projecting nearly h a lf an  inch fu r th er  fro m  the middle 
line. The left limb was about a quarter o f  an  inch shorter than  
the right. The p a tien t believed tha t the right side o f  his skull was 
enlarged, fo r  his hats had  become too tight bu t the change was 
not clearly visible.

“Notwithstanding these progressive changes, the p a tien t suf
fered  very little; he had lived actively, walking, riding, a nd  engag
ing in all the usual pursu its o f  a country gentleman, and, except

♦ Sir James Paget (1814-1899)
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tha t his lim b was clumsy he m ight have been indifferent to it. He 
had  taken various medicines, b u t none had done any good, and  
iodine, in whatever form , had always done harm. In the next 
seventeen years o f  his life I  rarely saw  him, b u t the story o f  his 
disease, o f  which I  often heard, m ay be briefly told and  w ith few  
dates, fo r  its progress was nearly uniform  an d  very slow. The left 
fe m u r  an d  tibia became larger, heavier, a nd  som ew hat more 
curved. Very slowly those o f  the right lim b follow ed the same  
course, till they gained very nearly the sam e size and  shape. The 
lim bs thus became nearly sym m etrical in their deformity, the 
curving o f  the left being only a little more outw ard than tha t o f  
the right. A t the sam e time, or later, the knees became gradually 
bent, and, as i f  by rigidity o f  their fibrous tissues, lost much o f  
their natural range a nd  movement.

“The skull became gradually larger, so tha t nearly every year, 
fo r  m any years, his hat, a nd  the helm et that he wore as a m em ber 
o f  a Yeomanry Corps, needed to be enlarged. In 1844 he wore a 
shako m easuring twenty-two a n d  a  h a lf inches inside; in 1876 
his ha t measured twenty-seven a nd  a quarter inches inside. In  
its enlargement, however, the head retained its natural shape 
and, to the last, looked intellectual, though with some exaggera
tion.

“The changes o f  shape a n d  size in both the limbs and  the 
head were arrested, or increased only imperceptibly, in the last 
three or fo u r  years o f  life.

“The spine very slowly became curved a nd  alm ost rigid. The 
whole o f  the cervical vertebrae a nd  the upper dorsal fo rm ed  a 
strong posterior, no t angular, curve; a n d  an anterior curve, o f  
sim ilar shape, was fo rm ed  by the lower dorsal an d  lum bar  
vertebrae. The length o f  the spine thus seemed lessened, a nd  from  
a height o f  six fee t one inch he sank to about five  fee t nine  
inches. A t the sam e the chest became contracted, narrow, fla t
tened laterally, deep fro m  before backwards, an d  the m ovements 
o f  the ribs a n d  o f  the spine were lessened. There was no complete 
rigidity, as i f  by union  o f  bones, b u t all the m ovements were 
very restrained, as i f  by shortening a nd  rigidity o f  the fibrous 
connections o f  the vertebrae a nd  ribs.

“The shape a nd  habitual posture o f  the p a tien t were thus 
m ade strange a n d  peculiar. His head was advanced and  lowered, 
so tha t the neck was very short, a n d  the chin, when he held his 
head a t ease, was more than an inch lower than the top o f  the 
sternum.

“The short narrow chest suddenly w idened into a much  
shorter a n d  broader abdomen, a n d  the pelvis was wide and  low. 
The arm s appeared unnaturally long, and, though the shoulders 
were very high, the hands hung low down by the thighs an d  in 

fro n t o f  them.
“Altogether, the attitude in standing looked simian, strangely 

in contrast w ith the large head a n d  handsom e features.
“All changes o f  shape an d  attitude are well shown in sketches 

fro m  photographs taken six m onths before death. Only the low
ering o f  the necks o f  the fem ora  is n o t shown. In  m easurem ent 
after death the axes o f  the shaft and  neck o f  the right fem u r
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fo rm ed  an  angle o f  only 100 degrees instead o f  120 degrees or 
125 degrees, a nd  this change o f  shape added to the appearance 
o f  increased w idth o f  the pelvis.

“B u t w ith all these changes in shape a nd  m obility o f  the 
head, spine, an d  lower limbs, the upper limbs rem ained perfect, 
an d  there was no disturbance o f  the general health.

“In  1870, when the disease had  existed sixteen years, the left 
knee jo in t  was, fo r  a time, actively inflam ed a nd  its cavity was 
distended w ith fluid. B u t the in flam m ation soon subsided, only 
leaving the jo in t  stiffer a nd  more bent.

“A bout this tim e some signs o f  insufficiency o f  the m itral 
valve were observed, bu t the pa tien t now  lived so quietly, a nd  
moved w ith so little speed, tha t this defect gave him  no consider
able distress.

“In December, 1872, sight was partially destroyed by retinal 
haemorrhage, first in one eye, then in the other, a n d  a t nearly 
the sam e tim e he began to be som ew hat deaf. In the sum m er o f  
1874 he had freq u en t cramps in the legs, a nd  neuralgic pains, 
which were described as ju m p in g  over all the upper p a r t o f  the 
body except the head’, b u t change o f  a ir seemed to cure them.

“In January, 1876, he began to complain o f  pa in  in his left 
forearm  a nd  elbow which, a t first, was thought to be neuralgic. 
B ut it grew worse, a nd  swelling appeared about the upper third 
o f  the radius a nd  increased rapidly, so that, when I  saw  h im  in 
the middle o f  February, it seemed certain tha t a Jirm  m edullary 
or osteoid cancerous growth was fo rm ing  round the radius.

“A n attitude som ew hat sim ilar is given by a rare fo rm  o f  
w hat I  suppose to be general chronic rheum atoid  arthritis o f  the 
spine involving its articulations w ith the ribs. The spine droops 
a nd  is stiff, the chest is narrow, the ribs scarcely move, the 
abdom en is low a nd  broad, b u t there is no deform ity o f  head  
or limbs.

“Still, the general health was good. Auscultation could detect 
m itral disease, bu t the appetite a nd  the digestion were u n im 
paired, the urine was healthy, the m in d  as clear, patient, an d  
calm as ever. 4 s  letters about h im  a t this tim e said his general 
health has been excellent; he is free  fro m  p a in  except in  the left 
arm; he sleeps well, enjoys himself, an d  does no t know  w hat a 
headache is.

“After this time, however, together w ith rapid increase o f  the 
growth upon the radius, there were gradual fa ilure o f  strength 
a nd  emaciation, an d  on the 24th March, after two days o f  distress 
w ith pleural effusion on the right side, he died.”

At autopsy Paget found a malignant tumor of the radius that 
had metastasized to the lungs and skull.

“The periosteum  was not visibly changed, no t thicker or 
more than usually adherent. The outer surface o f  the walls o f  the 
bones was irregularly a n d  finely nodular, as w ith external depos
its or outgrowths o f  bone, deeply grooved w ith channels fo r  the 
large periosteal blood-vessels, finely b u t visibly perforated in every 
p a rt fo r  transmission o f  the enlarged small vessels. Everything



286 Chapter 13 ♦ General Bone Diseases

♦  Fuller Albright (1900-1969)

He was bom in Brookline, Massa
chusetts, and studied at H arvard . 
After a residency in internal medi
cine at Johns Hopkins, he went on 
to develop a clin ical endocrinology 
unit at Massachusetts General Hos
pital. He described Albright's syn
drome— polyostotic fibrous dyspla
sia w ith  skin pigm entation and 
precocious puberty in g irls— in 
1937. In 1942 cam e pseudohy
p e rp a ra th yro id ism  and in 1 9 5 2 , 
pseudo-pseudohyperparathyroidism. 
The poor man developed P a rk in 
son's disease in his thirties; he had 
stereotactic surgery at age 56 and 
was never the same again.

seemed to indicate a greatly increased quantity o f  blood in the 
vessels o f  the bone.

“The m edullary structures appeared to the naked eye as little 
changed as the periosteum. The compact substance o f  the bones 
was, in every part, increased in thickness.

“The thickening o f  the walls o f  the shafts o f  the bones ap
peared due chiefly to outw ard expansion a nd  some superficial 
outgrowth. In  som e places there were fa in t  appearances o f  separa
tion o f  parts o f  the outer layers o f  the walls, a nd  o f  these becom
ing thick an d  porous, while the corresponding parts o f  the inner  
layers were less changed; b u t in the greater p a r t o f  the walls the 
whole construction o f  the bone was altered into a hard, porous 
or finely  reticulate substance, like very fin e  coral. In  some places, 
especially in the walls o f  the femur, there were small, ill-defined 
patches o f  pale, dense, a n d  hard bone looking as solid as brick.

“In  the compact covering o f  the articular ends o f  the long 
bones, a nd  in those o f  the neck an d  great trochanter o f  the 

femur, a n d  in the patellae the increase o f  thickness was due to 
encroachm ent on the cancellous texture, as i f  by filling o f  its 
spaces w ith compact porous, new-formed bone.

“Holding then the disease to be an inflam m ation o f  the 
bones, I  w ould suggest that, fo r  b rief reference a n d  fo r  the present, 
it m ay be called after its m ost striking character, osteitis de

form ans. A better nam e m ay be given when more is know n o f  it.”

O steoporosis

Today the commonest generalized bone disease is postmeno
pausal osteoporosis. This was not recognized for years because of 
short life expectancy and limited means for estimating bone mass.

The interest toward the end of the 19th century was in rickets 
and the distinction from hyperparathyroidism, which produced 
bent bones in young people. Osteomalacia was a problem in the 
days before contraception, when women had the calcium drain of 
yearly pregnancies. The words osteoporosis and osteomalacia were 
used interchangeably until metabolic studies began in the 1930s, 
w hen serum calcium and potassium began to be measured. They 
were normal in osteoporosis, and so the loss of height and the 
fractures of osteoporosis were thought to be due to aging.

Fuller Albright built up one of the first Metabolic Wards at 
Massachusetts General Hospital and wrote a classic book in 1948. 
He pointed out that female sex hormones were responsible for 
putting the shell on a bird’s egg—the reason for the gender predi
lection of osteoporosis.

“P ostm enopausal osteoporosis, a lthough  fre q u e n tly  over
looked in treatises on bone diseases, is the com m onest o f  all 
fo rm s o f  osteoporosis; indeed it is the com m onest o f  all systemic 
osteopathies."

Surprisingly, this is one of the first mentions of the condition.
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Skeletal Dyspl asias

Fairbank was one of the first to put together this miscellaneous 
group of conditions. Each condition is rare but together they are 
common. Although in the past experts frequently disagreed about 
the diagnosis, with the new molecular approach to disease, diagno
sis is more exact, and these conditions have become a window on 
the control of the body as a chemical factory. Dysplasias have taken 
on a new interest.

1951 Sir Thomas Fairbank: An Atlas of General Affections of the 
Skeleton

1955 Victor McKusick introduces the term hereditable disorders 
of connective tissue and changes it to heritable when his 
book is published in 1956.

1964 Phillip Rubin: Dynamic classification of bone dysplasias. This 
tried to explain dysplasias using knowledge of bone forma
tion and remodeling.

1966 McKusick: Mendelian Inheritance in Man

Dyschondroplasia: Ollier's Disease
1899

“M. Oilier described under this nam e a new type o f  disease 
which he has been able to determ ine by m eans o f  clinical obser
vation a nd  radiography. I t  consists o f  the irregular fo rm ation  
and  development o f  cartilaginous tissues which have a tendency 
to delayed ossification.

“This differentiates it fro m  the chondroplasia o f  Parrot, in 
which there is atrophy or lack o f  development o f  the bone, and  
brings it closer to m ultiple osteogenic exostoses.

“The first case observed by M. Oilier in June, 1897, was a 
little girl o f  6  who presented with an in turned  forearm  and  
femur, exostoses o f  the fe m u r  o f  a cartilaginous appearance, and  
deformities o f  the fingers, which were shorter, thicker a n d  soft on 
pressure. Radiography showed a series o f  irregular spaces that 
were radiotranslucent a nd  cartilaginous in the diaphyses o f  the 
phalanges.

♦ Louis Oilier (1830-1900)

O ilier was one of the great men of or
thopaedics. He devoted his life to his 
work; in addition to writing several im
portant clin ical papers, he carried out 
research on norm al and pathologic 
bone growth, considering it not only as 
a structure but also as a tissue. He was 
born at Vans in Ardeche and studied at 
Lyons and Montpellier. At the age of 30

he became senior surgeon at Lyons. In 
the 1870 war he was a battle surgeon, 
looking after the wounded of both sides. 
In 1894 he was decorated with the O r
der of Knight of the Legion of Honour 
by the French President. A  few hours 
after the ceremony the President was 
assassinated and O ilier was called to 
him, but his injuries were too severe for 
O ilie r to be able to save his life.

♦ Sir Thomas Fairbank (1876- 
1961)

A London orthopaedic surgeon who 
worked for Lane and then went to 
Great Ormond Street. World War I 
had him on the front line teaching 
mules to carry packs and teaching 
surgeons in wound care. It is not 
clear which was easier. He returned 
to King's College Hospital and be
cam e known for his expertise on 
d ysp las ia s . He w as interested in 
Erb's palsy and sectioned the sub- 
scapularis muscle for subluxations. 
He excelled at keeping records of 
interesting cases. His son is an or
thopaedic surgeon.

♦ Louis Oilier (1830-1900)
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Tom Thumb learning his role as Na
poleon, about 1850

“A little later M. Oilier observed an analogous case in a 
young  girl o f  9. The fem ora  were curved in; the upper end o f  the 
fibula, which was slightly atrophic, carried a mass resembling 
cartilage. Radiographs o f  the fingers presented the sam e abnor
m al appearance o f  cartilaginous spaces in the phalanges.

“Since then, M. Destot has seen a n d  radiographed a third  
case. The disease appeared to have been present fo r  a long time, 
developing w ithout pain , w ith a tendency to delayed ossification, 
an d  the persistence o f  the in itia l deformities. This affection does 
n o t resemble osteomalacia, nor rickets, nor the chondromata  
which have no tendency to ossification. There is a need fo r  
fu r th er  observation to define its place; bu t it appears to M. Oilier 
to be a completely new  disease entity, which m ust be given a 
new  name, tha t o f  Dyschondroplasia.”

In the discussion that followed the presentation of his paper, 
Oilier put forward the view that the difference between dyschon
droplasia and osteogenic exostoses was “a difference o f  fo rm  and  
situation, bu t not o f  n a t u r e He hoped that it might eventually be 
possible to treat the cases by stimulating the cartilage to ossify,

SHoi't S ta tu te
Fam ous People

People with short stature have always excited unwelcome 
attention that makes it difficult to live a normal life. Velazquez 
painted the dwarfs of the Spanish Court, who were confidants 
because they could not hide. Others could only earn a living in 
the circus.

G enera l Tom  T hum b was one of the most famous. He was 
born in Bridgeport, Connecticut, in 1832 and was only 27" tall at 
the age of 13—becoming 40" and weighing 70 pounds as an
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Toulouse-Lautrec had a skeleton dysplasia, causing repeated frac
tures in childhood and disproportionate stature. The diagnosis is 
still a m atter o f argument.

adult. He was a prisoner in his home until Barnum, the exploitive 
showman, heard of him and gave him a job. He made a fortune by 
the age of 20 and retired in luxury. He toured the world and met 
many famous people. He married in a famous wedding held in the 
biggest church in New York.

What was the strange disease of Toulouse-Lautrec? This won
derful painter had multiple fractures in childhood and was of 
disproportionate short stature. There is talk of checking the DNA 
of his surviving relatives to make a diagnosis because, like many 
people with a syndrome, he is not a perfect fit for anything—not 
even pyknodysostosis, the current favorite.

This comes from the Greek word meaning to run together, 
or concurrence. If you see one person with some apparently 
unconnected clinical features, you may be on the way to describing 
a syndrome. In the past this was called a case report, now it is 
called an “anecdote.” Two people with the same features is “case 
after case,” and three people is a “series.” Because it is often difficult 
to find a single word to describe all the features, the use of 
someone’s name is popular.

If a syndrome is to be remembered, it needs a memorable 
name. Some alliterate, like Sprengel’s shoulder. Some need ex
plaining to every new generation, like the VATER syndrome—“No, 
it is not anyone’s name, the V stands for vertebral,” and so on. Some

HISTOIRE
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1856.

Title page of Saint-Hilaire’s book on 
e x p erim en ta l teratology. E tienne 
Geoffroy Saint-Hilaire carried out ex
p e rim en ts  in  deve lo p m en t and 
moved the subject beyond the de
scription of monsters in the 1820s. 
His son Isidore carried on his work 
and published the first volume of 
this three-volume w ork in 1836 be
fore he was 27 years old.
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Arthrogryposis: Otto, 1841

♦ Angelo Mafucci (1845-1903)

♦ Bernard Marfan (1858-1942)

Parisian pediatrician

have fuzzy edges—like Marfan’s syndrome—and can be thrown in 
as a differential diagnosis quite frequently.

If you really want to give your name to something you can 
still go for a new syndrome—they are being described more fre
quently now than in the past.

TIME LINE OF SYNDROMES
1733 Jean-Louis Petit—radial club hand
1841 Adolph Wilhelm O tto—arthrogryposis, described as a “hu

man w onder w ith incurved limbs”
1841 Poland—absent pectoral muscles, syndactyly, and short mid

dle phalanges
1866 Down—trisomy 21
1881 Mafucci—hemangioma plus enchondroma
1882 Von Recklinghausen—neurofibromatosis. This disease had 

been described before.
1882 Gaucher’s disease
1896 Marfan—genetic disorder of elastin. There is a lot of confu

sion about the early descriptions.
1899 Oilier—dyschondroplasia or multiple enchondroma
1900 Klippel-Trenaunay—hemangioma plus leg length inequality
1901 Ehlers-Danlos—collagen disorder producing joint laxity and 

stretchable skin, and much more
1906 Apert—syndactyly and craniostenosis
1912 Klippel-Feil—the man w ithout a neck due to congenital cervi

cal fusions
1938 Louis Lichenstein—polyostotic fibrous dysplasia
1950 Loren Larsen—multiple congenital dislocations with a charac

teristic facial appearance
1972 VATER, described by Linda Quan and David Smith—radial 

club hand and other lesions

Marfan’s Syndrome

A Parisian pediatrician, Antoine Bernard-Jean Marfan, de
scribed a 5-year-old girl with long, stiff fingers in 1896. She does 
not fit today’s description of this syndrome. This particular child 
would be diagnosed as having congenital contractural arachnoidac- 
tyly. In 1902 Emile Charles Archard described a girl with long, 
flexible fingers that he called spider fingers, or arachnoidactyly. This 
would not be called Marfan’s syndrome today. The real Marfan’s 
syndrome was described by a Cincinnati ophthalmologist in 1876, 
Dr. E. Williams.

Neurofibromatosis

This disease captured the imagination of the public with the 
sad story of “The Elephant Man,” who died in 1890. A movie and 
a book have described his life. He probably suffered from Proteus 
syndrome.
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One of the first descriptions of neurofibromatosis was by 
Tilesius in 1793 and was published in a book in Leipzig (His tori a 
Pathologica). I like the 1849 description by Robert Smith from 
Dublin (see Chapter 10).

Ehlers-Danlos Syndrome

Job van Meekren, who appears elsewhere in this book, noted 
the stretchable skin of George Albes in 1657 in Leiden.

This was described in Russia by a dermatologist, A.N. Cherno- 
gubov, in 1881. Edvard Ehlers, a Dane, noted the stretchable skin 
in 1901, and Henri Danlos, a Frenchman, noted the fragility of the 
skin in 1908. The different types of this syndrome are now a 
laboratory for studying collagen genetics.

Congenital yUaljormations

“Lycurgus made a law for the guidance o f the Greeks, in which it 
was decreed that all children bom with deformity or defect should be 
destroyed. Its object was to preserve and improve the form and physical 
capacity of the Spartan children, so that he could rely on them, when 
they reached man’s estate, as protectors of his government.” James 
Knight: The Improvement of the Health of the Children and Adults by 
Natural Means. New York, 1875

Malformations were regarded in medieval times as the sins of 
the fathers being visited on the children. Studies were limited 
to descriptions of monsters. Etienne Sainte-Hilaire was the first 
experimentalist, doing various things to incubating chicken eggs. 
He changed the interest from cataloguing anomalies to discovering 
mechanisms. His son published a three-volume account in 1836, 
coining the word teratology.

Chapter references are located in Chapter 26.





♦  C h a p t e r  F o u r t e e n

yVmpwtations
and
P^ostKeses

It is no small presumption to dismember the image of God.
John Woodall: The Surgeon’s Mate, 1617

Pull on a lizard’s tail and it falls off without losing a drop of 
blood—no need for a surgeon. Then it grows back—no need 

for a prosthetist. Evolution took a backward turn when we lost 
these abilities.

Amputation was more commonly performed in olden days 
than today. Many open fractures and battle wounds that would be 
repaired today were treated by amputation amidst scenes of gore, 
and screaming and the stink of pus.

In medieval times, gangrene due to poor food storage— 
ergotism—produced another reason for amputation that no longer 
exists. Tumors and infections of bones and joints were treated by 
amputation. So amputations were common and frequently fatal.

Famous yVmpwtees

The Above-elbow Amputation of Lord 
Nelson

In 1779, Admiral Horatio Nelson wanted to seize the treasure 
ships in the harbor of Teneriffe in the Canary Islands. The trip had 
not gone well, and he launched a commando-style raid in rowing 
boats. The Spanish were waiting and opened fire as the British

After amputation, kneeling prosthe- 
ses were used. They are still used in 
third world countries today because 
construction is simple. Hieronymous 
Bosch, about 1500.
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landed. Nelson stood on the beach and reached for his sword. A 
grape shot struck him in the right arm. He cried out, “I am shot 
through the arm. I am a dead man.” His stepson put a bandage 
round the arm and got him back on the ship. “Tell the surgeon to 
make haste and get his instruments. I know that I must lose my 
right arm and the sooner it is off the better.”

The 28-year-old surgeon wrote in the log, which still exists, 
“Admiral Nelson, 25 July 1797. Compound fracture of the right arm 
by a musket ball passing thro’ a little above the elbow: an artery 
divided; the arm was immediately amputated.” He ligated the artery. 
The arm was thrown in the sea.

“Discharged on board the Sea Horse 20th August. The sore 
reduced to the size of a shilling, in perfect good health one of the 
ligatures not come away.”

The fee for the surgeon was 36 pounds and for the assistant, 
24 guineas.

Nelson went back to active duty. Statues of him are to be 
found in many former British ports, and all depict him as an 
am putee—perhaps the most sculpted amputee ever.

Whitejacket, 1850

Herman Melville in the novel Whitejacket (published in 1850) 
describes a poor result from a high thigh amputation. Melville had 
shipped as a sailor on a U.S. frigate in 1843, and this is a fragment 
of the tale.

A sailor had suffered a gunshot fracture of the thigh and, after 
a few days, amputation was carried out on the deck. A board was 
balanced between 2 gun carriages for the operating table, and 
there was quite an audience.

“They say he can drop a leg in one m inute a nd  ten seconds 
fro m  the tim e the knife touches it,” whispered one o f  them to 
another. 'We shall see,’ was the reply, a nd  he checked his watch. 
The p a tien t was brought up an d  the surgeon removed his wig, 
glass eye, false teeth a nd  coat. He addressed the patient.

“I  would advise perfect repose o f  yo u r  every limb, m y man. 
The precision o f  an  operation is often impaired by the inconsider
ate restlessness o f  the patient. I t  is better to live w ith three limbs 
than to die w ith fo u r f  (The surgeon begins a lecture to the 
audience and talks about red hot knives and boiling oil until the 
patient faints. The patient faints again when the risk of death is 
discussed. The amputation is carried out while the patient’s mates 
pin him down. Then he is carried to the sick bay while the surgeon 
continues a bragging lecture which is terminated only by the news 
that the patient has died.)

TIMELINE OF AMPUTATIONS
Until 1000 a d

Neolithic times: amputation carried out for injury, disease, to ap
pease the gods, for punishment, and for beautifi
cation
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484 b c  Herodotus, the Greek historian, writes about Heg-
istratus w ho was imprisoned, presumably mana
cled by his ankle. He escaped by cutting off his 
foot and made his way to a town 30 miles away 
w here he fitted on a w ooden foot, which worked 
well until he was imprisoned again.

400 b c  Hippocrates: “When gangrene supervenes on a
fracture, the soft parts separate quickly. But the 
bones separate slowly. Remove the dead tissues.” 

30 a d  Celsus: “Between the sound and the diseased
part, the flesh is to be cut through with a scalpel 
down to the bone, but this must not be done 
actually over a joint, and it is better that some 
of the sound part be cut away than that any of 
the diseased part should be left behind. When 
the bone is reached the sound flesh is drawn 
back from the bone and undercut from around 
it, so that in that part also some bone is bared; 
the bone is then to be cut through with a small 
saw as near as possible to the sound flesh which 
still adheres to it; next the face of the bone which 
the saw has roughened, is smoothed down, and 
the skin drawn over it; this must be sufficiently 
loosened in an operation of this sort to cover the 
bone all over as completely as possible. The part 
where the skin has not been brought over is to 
be covered with lint; and over that a sponge 
soaked in vinegar is to be bandaged on.” Clearly

Box continued on following page
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The story of Saints Cosmos and Da
mien. In about 300 a d  they replaced 
the gangrenous leg of a white man 
with the leg of a dead black Moor. 
They are pa tron  saints o f m edi
cine—Arab by birth, physicians by 
occupation, and martyred by Diocle
tian.

he used flaps to achieve closure without the bone 
being a problem. In the Dark Ages this was forgot
ten until 1700 or later.

100 Technique is well advanced. Archigenes and Helio- 
dorus use tight bandages to control bleeding and 
ligate vessels.

300 The Dark Ages sees methods fall back. Leonides 
of Alexandria uses red hot irons to stop bleeding, 
and this continues for centuries.

850 Poor grain storage leads to ergotism, which causes 
vasoconstriction. Limbs became gangrenous, re
sulting in many amputations.

Amputations from 1100 Until 1800
1170 Roger and, in 1230, Roland both introduce the 

idea of laudable pus, provoking pus to encourage 
healing.

1346 Cannon shot introduced at the Battle of Crecy
1364 Half-pound gunshot introduced at Perugia. Battle

field injuries were more mutilating then, and bat
tlefield surgery was the result.

1517 Gersdorff publishes the first illustration of an am
putation.

The surgeon’s instrum ent 
table, Gersdoff, 1517
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A m putation scene, Gers- 
dorff, 1517

1536 Ambroise Pare becomes a battle surgeon and per
forms the first elbow disarticulation.

1552 Pare reintroduces ligatures. He stops the use of 
boiling oil to sterilize the wound because the 
pain and damage are increased. He invents spring- 
loaded artery forceps.

1588 William Clowes describes above-knee amputation.
1593 Fabry: monograph on gangrene. First amputation 

through the thigh. Uses tourniquet.
1596 Peter Lowe, Scotland: first English language de

scription of ligatures
1616 Harvey’s discovery of the circulation provides a 

rationale for tourniquet: 1674, M orel’s Spanish 
windlass; 1718, Petit’s tourniquet

Box continued on following page

Amputation scene, Fabricius Hilda- 
nus, 1646. The cautery irons are 
heating up. The line of amputation 
is above the line of demarcation. 
From J Bone Jt Surg Br 1949, B, 474.



Amputation scene, Lorenz Heister, 
1724. The distal forearm and hand 
are being removed. There are so 
many surprising things about these 
pictures. Why were they engraved? 
They are not instructive, nor are 
they pretty. Why is the patient sit
ting? Did this make fainting more 
likely—as a kind of preanesthetic 
oblivion? The blood bowl is com
mon to most pictures. J Bone Jt Surg 
Br, 1949.

Scultetus, 1672.

Amputation scene, 1793. This is 
Thomas Rowlandson’s satire.

1672 Richard Wiseman encourages use of cautery.
1696 Verdun of Amsterdam uses flap method.
1739 Rovaton: flaps
1765 Vermale: flaps
1779 Alanson of Liverpool and Hey of Leeds, 1803: 

triple incision. Cut the skin and fascia with the 
first cut and retract proximally. Cut the bone with 
a saw. Close soft tissue over the bone.

1792 Fourcroy-Chopart amputation
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Amputations from 1800 Until 1900
1803 Larrey, Napoleon’s surgeon, gains a lot of experience because 

he amputated for all open fractures, all joint injuries and 
joint fractures, and large wounds involving nerves and arter
ies. Wounds w ere left open and closed with tape later.

1808 Ralph Cuming carries out a forequarter amputation at the 
Naval Hospital, Antigua.

1815 J. Lisfranc de St. Martin publishes a book in Paris on partial 
amputation through the foot.

1825 Nathan Smith in America develops through-knee amputation.
1830 Velpeau writes about through-knee amputation.
1837 Liston popularizes flaps. Malgaigne advocates racquet inci

sion.
1842 Dupuytren had 62% mortality from thigh amputations.
1844 James Syme describes disarticulation through the ankle.
1846 Anesthesia reduces suffering and reduces the need for speed. 

In the past Charles Bell had said that “the knife should be 
handled more like a sabre than a surgeon’s scalpel.”

1854 Pirogoff worked in the Crimean War. Some idea of the speed 
of these surgeons can be gleaned from his description of 
how  he avoided secondary hemorrhage. 'In the Crimea War 
we had to perform hundreds o f amputations. I  covered the 
wounds o f the first 20 to 30 amputees with wet sponges 
and left them in place while performing a subsequent 20 
to 30 operations. In the meantime, patients in the first 
group were given warm tea or wine. If there was no hemor
rhage, I  bandaged the wound. About an hour elapsed be
tween the amputation and the application o f the bandage.” 

Box continued on following page

Amputation scene, William Fergusson, 1852. The tour de maitre. This 
grip on the knife allowed a quick encircling incision w ithout pause. 
Another 40 years would pass before surgeons and patients took off 
their best clothes. As late as 1852, pictures of amputation of limbs of 
fully dressed patients by fully dressed surgeons still appear in books. 
From Fergusson W: A System of Practical Surgery, 3rd ed. London: 
1852.

NOUVELLE 

METHODE OPERATOIRE
PO UR

L ’AMPUTATION PART1ELLE DU PIED

SON ARTICULATION TARSO-METATARSIENNE J

M e lb o d e  p r e c e d e e  d e s  n o m b r e u s e s  m o d if ic a t io n *  

q u a  su b ie s  ce lle  d e  C h o p a r t ;

P a r  J. L IS F R A N C -D E -S t.-M A R T IN , ancien M edecin 
d e  prem iere  classe aux arniees,  D octeur en M edecine, 
M em bre d e  la  S o c ilt l  m edicale d’E m u la iio n ,  etc.

M ^moire lu a la premiere Classe de l’lnstitut de France, 
le  t3  roars i 8 i5 ;  su m  du Rapport fait par Messieurs le» 
Coromissaires de la Classe.

AVEC n i S C H E S .

A P A R IS ,
Chez Gabojt, L ibraire , place de rE cole*de-M e'dednef

I 8 i5 .

Title page of Lisfranc’s book, 1815.
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Amputation after the invention of an
esthesia, Esmarch, 1884. The seated 
doctor is using Lister's spray. A tour
niquet prevents bleeding—gone is 
the blood bowl. Still the staff is 
dressed for parade.

I

1857 Gritti: supracondylar amputation fusing the patella to the end 
of the femur after removing the articular surface. The result 
was an end-bearing stump but not easily fitted w ith a prosthe
sis.

1867 Lister’s paper on asepsis. The U.S. Army adopts the principles 
in 1877. The American Surgical Association follows in 1883

1870 Stokes modifies Gritti’s amputation in the United Kingdom.
1873 Esmarch: rubber bandage, makes amputation safer. Thomas 

Spencer Wells invents artery forceps while at the Crimean 
War to make control of hemorrhage easier.

1883 Neuber: sterile gowns and caps
1894 Jaboulay: hindquarter amputation
1895 Girard: hindquarter amputation
1897 Mikulicz: face masks

Amputations from 1900
1900 Cineplasty. This idea came about because the Abyssinians 

amputated the hands of Italian prisoners of war in 1897- 
1898. Vanghetti realized that the muscles were working and 
could be harnessed to a prosthesis. Ceci of Pisa did the first 
operation. Others made tunnels to hold rods.

1917 Krukenberg’s amputation turned the radius and ulna into 
chopsticks, which looks ugly but provides good grasp and 
pinch.

1930 Borggreve carries out femoral rotationplasty for overcoming 
leg length discrepany due to resection.

1950 Van Nes of Leiden, Holland, reports it for proximal focal 
femoral deficiency.

1959 Weiss: myoplasty is “the fixation o f the sectioned muscle 
groups at a proper tension to the bone stump.” This pro
vided a stump with good cover, sensation, and strength. 
It was used by Diderich in Germany and later by Weiss 
in Poland.

1961 Thalidomide causes phocomelia.



TIMELINE OF PROSTHESES
300 b c  artificial leg found in Italy
200 b c  Marcus Sergius, a Roman general, is fitted w ith an iron 

hand.
1509 Gottfried von Berlichingen, a German Knight, loses his 

right hand in Bavaria. An armorer makes a hand with 
movable fingers. W hen someone is offended because he 
offers his left hand to be shaken, he says, “My right hand, 
though not useless in war, is insensible to the pressure of 
love. It has rendered more service in the fight than it ever 
did in the original flesh!'

1564 Pare describes arm and leg prostheses in his book. No active 
movement was possible. Breughel illustrates knee pads worn 
by below-knee amputees to enable them to get about.

Box continued on following page

Pare: articulated hand. The fingers 
could be passively flexed to hold a 
sword. 1579.

Pare: articulated prosthesis with a 
spring ankle and a knee joint which 
can be locked. For a knight in armor 
it could be considered to have a cos
metic cover. 1579.

Pare designed several prostheses.
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♦  Jacques Lisfranc (1790-1847)

He was a surgeon in Paris. It is not clear write a short monograph on his amputa-
whether he did anything more than tion in 1815.

♦ Jacques Lisfranc

1658 The Prince of Homburg had his leg blown off at the Siege 
of Copenhagen. He com pleted the amputation himself. He 
wore a prosthesis for 50 years. The ankle had a spring to 
provide power. It was called “the silver leg.”

1696 Verdun of Holland developed a below-knee prosthesis. Be
fore this the knee was flexed.

1800 The Anglesea limb. The Marquis of Anglesea lost his leg at 
Waterloo. James Pott made him a limb with a knee joint 
and an ankle joint that were linked with cords so that they 
moved together.

1818 Peter Baliff, a Berlin dentist, introduces a shoulder harness 
to provide power to move the fingers.

1831 Goyrand: ischial weight bearing for an above-knee amputee
1844 Van Peeterssen, a Dutch sculptor, uses a shoulder harness 

to pow er the elbow in an above-elbow amputation.
1863 Dubois Parmalee introduces and patents the suction socket, 

but it is forgotten.
1864 The American limb is patented. Selpho and then Palmer 

add bumpers to the ankle joint.
1867 Comte de Beaufort of France writes a booklet on prosthe

ses. He uses cords for powering fingers and a rocker bot
tom foot to improve gait.

1886 Clasen: heavy-duty hand
1904 Carnes: sophisticated hand and wrist with wrist movement 

and pronation and supination
1912 Dorrance devised a split hook for his own use.

1940s Committee on Prosthetic Devices formed in the United 
States, which funded university and industry research and 
moved the subject into the scientific age.

♦ Nikolai Pirogoff

♦  Nikolai Pirogoff (1810-1881)

A child prodigy, he was born in Mos
cow ; he became professor of surgery at 
the Academy of Military Medicine at St. 
Petersburg. This Russian surgical genius 
is known for his amputation at the ankle 
but little else because his work has not 
been translated into English. In 1843 he 
wrote an anatomy text and later a three- 
volume text on surgery. In 1854 he de
scribed an amputation in which he took 
off the distal tibia and fibula and fused 
it to a sliver of os calcis— anchoring the 
heel pad.

Between 1852 and 1859 he pub
lished an Atlas o f  Cross-Sectional Anat
omy, based on sawed frozen sections. 
He produced the views we see today on

MRI and CT scans. He invented plaster 
bandages about the same time as Mathi- 
jsen. In 1856 he was forced to resign as 
Professor on the trumped-up charge that 
he was insane because he tried to im
prove conditions in the military hospi
tal. He wrote Principles o f  General M ili
tary Field  Surgery in 1864, based on the 
C rim ean W ar, in w h ich  his side op
posed that of Florence Nightingale. He 
introduced nurses on the battlefield at 
the same time. He gave up surgery for 
a job in education and wrote a long 
autobiography ava ilab le  in English 
translation.

He ca lled  w ar "a  traum atic ep i
dem ic."
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Pirogov gave his name to an ankle- 
level am p u ta tion . H ere is a p late  
from his atlas of cross-sectional anat
omy, published in 1852. These are 
the hips. His study was done on fro
zen corpses during a Russian winter. 
Only the advent of com puted tomog
raphy has enabled us to see the body 
like this.

1946 Suction socket developed by a group for the U.S. Academy 
of Sciences. Major research and development centers were 
established in America and were very productive. One 
product was the patellar tendon-bearing prosthesis.

I960 Myoelectric controls for upper limb prostheses developed 
by Russians

1966 Marian Weiss in Poland reports success with instant fit of 
prostheses.

Thalidomide

This drug was introduced in Germany in 1956 especially for 
the nausea of pregnancy. It came to Britain in 1958 but was kept 
out of the United States by Dr. Frances Kelsy of the Food and Drug 
Administration.

Thalidomide is such a powerful teratogen that it has been 
estimated that every m other who took it between the 35th and 
50th day produced an abnormal child. There was an epidemic of 
children born without arms and legs. Dr. W  Lenz observed that 
the incidence of phocomelia at the Children’s Hospital in Hamburg 
went from zero in the 10 years before 1959 to 154 cases in the 
year 1961. He suspected thalidomide and told his friends. He read 
a paper to pediatricians in 1961, and within 7 days the drug was 
withdrawn. More than 8000 affected children were born. Special 
prostheses were designed, and research was advanced. A class 
action against the manufacturers provided some compensation.

S y m e s  i m p u t a t i o n  o t  t K e  

A n k l e ,  1 8 4 2

“Caries is frequently seated in the articular surfaces o f  the 
jo in t between the astragalus a nd  os calcis, where it m ay seem to 
be o f  lim ited extent, a n d  occasion no form idable symptoms, bu t
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♦  Marian Weiss

Marian Weiss was a Polish orthopae
dic surgeon who developed a large 
rehab ilitation  hospital in C o n 
stantine. Somehow he survived Nazi 
occupation and Communism. He pi
oneered im m ediate-fit prostheses 
and was very active in treating spi
nal cord injury.

nevertheless exhibits its characteristic obstinacy, a n d  resists all 
means o f  remedy except am putation. A succession o f  such cases 
pain fu lly  impressing m e w ith the imperfection o f  surgery which 
afforded no m ilder means o f  remedy than removal o f  the leg, 
suggested the idea o f  operating, a t the ankle, so as to preserve the 
thick integum ents o f  the heel, an d  lessen the extent o f  mutilation.

“J.W., aged 16, recommended to m y care by Mr. Aitchinson o f  
Dunbar, a nd  adm itted into the hospital on the 5th o f  September, 
1842, afforded m e an opportunity o f  trying this plan. He was 
suffering fro m  disease o f  the foot, which, in consequence o f  
a sprain sustained twelve m onths before, had suppurated and  
ulcerated, so as to a d m it a probe into the jo in t  between the os 
calcis and  astragalus. I  perform ed the operation w ithout any  
difficulty, a nd  as the ankle jo in t  rem ained sound, did  no t remove 
the articulating surface, fu rth er  than by taking aw ay the malleo
lar projections o f  the tibia a n d  fibula. The pa tien t w ent hom e on 
the 2n d  o f  December, a nd  d id  well afterwards, as appears fro m  
the follow ing extract o f  a letter which Dr. Aitchinson sent m e fo u r  
years subsequently to the operation: He tells me he suffers no 
inconvenience fro m  the stump, or the slightest tenderness. He has 
become a country tailor, a nd  often has ten or fifteen  miles a day 
to go to his w ork’.”

Syme describes the details of the operation and points out 
that the flap will slough if the vessels are scored crosswise. He 
continues to describe its advantages and some case histories.

“The advantages o f  this operation are, in the first place, 
its facility  a nd  simplicity, requiring no tourniquet, a nd  being 
completed, so fa r  as the disarticulation is concerned, w ithout any  
hurry, in less than a  m inute; secondly, its not implicating any  
large blood-vessels or nerves so as to expose the p a tien t to the 
risk o f  suffering fro m  hemorrhage or nervous pains; thirdly, its 
protection against the chance o f  exfoliation by the spongy nature  
o f  the bone divided; a n d  fourthly, its affording a stum p so perfect 
as to give the requisite support w ithout any extraneous assis
tance. No other stum p o f  the lower extremity can bear pressure 
on its face sufficiently fo r  supporting the body bu t the one in 
question, or a t least be so used w ithout inconvenience; a nd  there 
was a m a n  lately a t the hospital, who, after having both o f  his 
fee t amputated, could no t only stand, bu t w alk a nd  run w ithout 
aid  o f  any k in d  whateverf

Marian Weiss
1966

/4s fa r  back as the Napoleonic Wars distinguished surgeons 
a n d  even m ilitary leaders tried to persuade am putated soldiers 
to attach temporary prostheses to their stumps, so that they could 
escape the enemy. D uring World War I, the French surgeon Martin 
introduced the 'Operating Table Prosthesis’ in fie ld  conditions. In 
recent years Berlem ont proved tha t an  early outfitting o f  am pu
tees w ith prostheses stepped up the healing process.
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The artist Pieter Brueghel depicted amputees with their primitive prostheses. It is 
believed that ergotism was the cause of loss of many limbs. The crutches had no 
cross-bar and must have been hard to use. circa 1550.

In 1963 we perform ed the first operations which confirmed 
the correctness o f  our concept.. .myoplastic surgery, im m ediate  
fitting, ambulation.

About the same time Burgess in Seattle was exploring the 
same ground.

C l u t c h e s

The Pyramids have pictures of crutches. Until recently people 
on crutches were a common sight because of problems getting leg 
fractures to heal well and because of arthritis and tuberculosis. 
Now most people use them only on a short-term basis. Walking 
frames, or “walkers,” for the elderly are a recent invention.

Old-time crutches were a pole with a T-piece at the top to fit 
under the armpit. Artists such as Bosch and Breughel included 
them in drawings and paintings. There was nothing but the pole 
for the hand to grasp so they must have been tiring to use. About 
1800 the saw made it possible to split the pole and insert a 
transverse hand piece. Canadian forearm crutches came much later.

■Rcfcpences

Chapter references are located in Chapter 26.





♦ C h a p t e r  F i f t e e n

O^tKopaedic
Treatment

As for those “surgeons” who cannot read and write I would advise 
them to peruse the 6th commandment, “Thou shalt not kill.”
John Jones, first American fracture textbook, 1776

The object o f treatment is the restoration of complete function with 
least risk and inconvenience to the patient and with least anxiety to the 
surgeon. Robert Jones, 1913

The aim o f an operation is to speed up slow treatment by mechani
cal orthopaedics. Georg Stromeyer, about 1840

In the beginning, o rthopaedic treatm ent m eant nonoperative 
treatment—corrective shoes, corrective braces, black boxes, and 

bizarre exercises of all kinds. Today we chuckle when practitioners 
of alternative medicine extol our cast-off methods. We have moved 
on to operative treatment.

We all envy neurosurgeons and cardiac surgeons who have 
neurologists and cardiologists to look after the nonoperative as
pects of disease. Physiatrists have not filled this role for us. We 
have only ourselves to blame. Our forefathers fought internists who 
believed that surgeons should be technicians working under their 
direction; our forefathers knew that the selection of patients for 
operation was more important than technical performance of the 
operation.

A large part of our job is patient education. In the past a 
surgeon might say, “I’ll fix it. You will be all right . . . don’t worry. 
I will put you down on the operation waiting list.” That would be 
the end of discussion. Today, patients want information as much as 
treatment. Giving information takes a lot of time—almost as much 
time as it takes to do many operations. We are as much in the 
information business as the operating business.

The first book on orthopaedics was written more than 250 
years ago by Andry for parents, not for doctors. It was a self-help 
book. As public education improved the need for information 
increased, and we now have a legal obligation to discuss risks and 
options and benefits of management. Now we have handouts and 
videos, and even video evidence that these discussions have taken 
place.

C A S E S

E X C I S I O N

C A R I O U S  J O I N T S ,

H. PARK,
Surgeon in the Liverpool Hospita

P. F. MOREAU,
De Bar-sur-Ornuin, M. D. de l'Ecole de Paris.

OBSERVATIONS BY JAMES JTFFRAY, M. D. 
Profewor of Anatomy and Surgery in the College of Glasgow.

Illustra ted  by Engravings.
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♦  Johann Friedrich August von 
Esmarch (1823-1908)

A military surgeon who was con
cerned with blood loss and first aid. 
He was born at Tonning, Schleswig- 
Holstein, at a time when the prov
ince was struggling for freedom from 
Denmark. The son of a doctor, he 
studied at Gottingen and Kiel, be
coming an assistant to Langenbeck.

During the insurrection against 
Denmark in 1848-1850 he began 
surgery; he also organized the resis
tance m ovem ent. In 1857 he be
came professor of surgery at Kiel, 
succeeding Stromeyer, the tenoto- 
mist, and marrying his daughter. He 
w as engaged in m ilita ry  surgery 
again between 1866 and 1871 in 
the wars with Austria and France; in 
1871 he became Surgeon General 
of the army. Soon after, in 1873, he 
married again— this time a princess 
of Schleswig-Holstein. In the same 
year he published his description of 
the bandage that bears his name. He 
used this to produce a clear, blood
less field for surgery and to diminish 
the blood loss during amputations in 
particular. His contributions to med
icine were mainly derived from his 
battlefield experiences.

In 1869 and 1883 he published 
handbooks on first aid and founded 
the Samaritan's Schools, based on 
the St. John's Ambulance Brigade, to 
teach first aid throughout Germany. 
"When I look back on my career as 
a surgeon I can say with truth that 
many and many are the times I have 
deplored that so very  few  people 
know how to render the first aid to 
those who have suddenly met with 
some injury. This specially applies 
to the field of battle; of the thou
sands who have flocked thither in 
their desire to help, so few have un
derstood how to render aid ." His 
program of education has improved

O p e m tin g  R o o m  yVlctKods

E sm a rch ’s Tourniquet

On the A rtificial Emptying o f  Blood-Vessels in 
Operations, 1873

“Gentlemen— You all witnessed yesterday a difficult and  te
dious operation, in which the p a tien t lost a very large quantity  
o f  blood, in spite o f  all the care that was taken to prevent it.

“What, more than all, rendered the operation difficult, was 
the profuse haemorrhage.

“You will remember that, w ith alm ost every incision, al
though I  took care to m ake them as slight as possible, one or 
more arteries spurted, or veins poured  ou t their dark blood over 
the fie ld  o f  the operation. You saw  how I  sought to check the 
hemorrhage as much as possible by taking up the bleeding ves
sels, after each incision, w ith bulldog forceps, a nd  left these 
hanging in the w ound  while I  w ent on w ith the operation. More 
than once there were hanging in the w ound all the twenty-four 
pairs o f  forceps which I  always have a t hand  in great operations, 
a nd  I  was compelled firs t to tie the vessels already divided before 
I  could cut deeper. When the operation was a t last finished, I  had  
applied altogether more than fifty  ligatures, o f  which, however, 
fifteen were applied on the tum our itself, so that only thirty-five 
rem ained in the wound.

the situation.
Esmarch’s tourniquet and bandage, 1884.
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“I  cannot m ake any guess as to the exact quantity o f  blood 
lost, since it was constantly removed w ith sponges; bu t we could 
judge that the p a tien t h ad  very little blood left in her body by the 
wax-like paleness o f  the skin, the small, weak pulse, a n d  the 
laboured respiration.

“Most o f  yo u  will, no doubt, have said to yourselves tha t you  
would no t desire to com m ence yo u r  career as operators w ith  
such an extirpation. And, in  fact, it is ju s t  the 'demoniac' blood, 
as Dieffenbach called it, which no t infrequently deters the young  
practitioner fro m  perform ing an  im portant operation, especially 
when he cannot com m and sufficient a n d  reliable assistance. A nd  
y e t he only becomes a good operator who has learnt calmly to 
enter into the struggle w ith haemorrhage.

“I need not explain to you  here how  im portant the question  
o f  haemorrhage is in alm ost every operation. In  m any cases the 
lim it we p u t  to our operative undertakings is determ ined by the 
extent o f  the haemorrhage to be expected. We do not venture 
to undertake m any operations against which no other contra
indication exists, because the operation would last so long that 
we can foresee tha t the p a tien t would bleed to death before it 
was completed, or because we consider h im  already too w eak to 
survive the unavoidable loss o f  blood.

“I  shall perform  an  operation today in which the loss o f  
blood would be still greater than in  that o f  yesterday, i f  I  d id  not 
adopt a procedure before com mencing it which enables us to 
prevent the haemorrhage entirely. In  the p a tien t about to be 
placed upon the operating table, there is alm ost total necrosis o f  
both tibiae, resulting fro m  an acute osteomyelitis, which followed  
a severe cold more than twenty years ago. You see tha t on the 
anterior surface o f  both legs num erous fistulae openings exist, 
which discharge a large quantity  o f  pus, and, through which the 
probe comes everywhere upon roughened, moveable bone. . . .  I  
th ink it best to convert the bony cavity into a broad trough, by 
taking away the whole anterior wall, so tha t no adjacent cavities 
m ay rem ain to retard the healing process. Those am ongst you  
who have already seen sim ilar operations will remember w hat 
profuse haemorrhage accom panied them, an d  how greatly the 
perform ance o f  them  was rendered difficult a nd  protracted by 
the loss o f  blood. Our p a tien t is still tolerably well nourished, and  
not exactly to be called anaem ic bu t I  do no t believe tha t I  should  
have ventured form erly to undertake both operations a t one 
sitting, because I  should have feared  tha t the loss o f  blood would  
have placed the life o f  the p a tien t in great danger. With the aid  
o f  the process which I  am  about to show you, I  do not hesitate 
to undertake both the operations simultaneously, a nd  to spare 
the p a tien t thereby a second operation, a n d  a second long con
fin em en t to bed. My assistant, Dr. Petersen, will operate upon the 
right leg a t the sam e tim e a nd  in the sam e m anner as I  do on 
the left.

“While the p a tien t is being p u t  under the influence o f  chloro
form , the leg is firs t wrapped in waterproof varnished silk-paper, 
to prevent the bandages fro m  being soiled by the discharge fro m
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♦ Arnold K. Henry (1886-1962)

An Irishman who trained in surgery 
in Dublin and then served in the 
Serbian Army until the country was 
overrun. He joined the French Army 
for the latter part of World W ar I. He 
spent a few years back in Dublin 
before becom ing the professor of 
surgery in Cairo in 1925, where he 
wrote the first version of his book. 
He subsequently worked at the 
Hammersmith Hospital before going 
back to Dublin as Professor of Anat
omy. He developed surg ica l ap
proaches to the long bones and is 
also remembered for the master knot 
of Henry seen during clubfoot sur
gery.

the fistulous openings; both legs are then firm ly  bandaged fro m  
the p o in ts  o f  the toes to above the kn ee  w ith  these elastic 
bandages, which are m ade o f  woven India rubber, the uniform  
compression fro m  which drives the blood ou t o f  the vessels o f  the 
limb. Im m ediately above the knee, where the bandage ends, we 
now apply this India rubber tubing, well drawn out, fo u r  or five  
times round the thigh, a nd  connect one end w ith the other by 
m eans o f  a hook a nd  brass chain attached to them respectively. 
The India rubber tubing so thoroughly compresses all the soft 
parts, including the arteries, tha t n o t a drop o f  blood can enter 
the p a r t so treated. This has the special advantage over the 
tourniquet, tha t we can apply it a t any p a r t o f  the limb, and  
need no t be concerned about the position o f  the m ain  artery. 
Even in the m ost m uscular a n d  stoutest individuals we are able 
thoroughly to control the supply o f  blood by this simple process.

“We now remove the bandages first applied, together w ith  
the varnished silk-paper, a nd  yo u  see tha t both legs below the 
tubing resemble completely those o f  a corpse a nd  with their pale 
colour contrast alm ost uncom fortably w ith the rosy colour o f  the 
rest o f  the surface o f  the body. You will observe, also, that we 
operate precisely as on the dead subject.

“We both now divide the soft parts along the whole anterior 
surface o f  the tibia down to the bone; a fe w  drops o f  blood ooze 
fro m  the bone a nd  are wiped away w ith a sponge. From that 
tim e no more blood is seen. The periosteum, divided in the long 
direction, is now  pushed  back so fa r  on both sides that the 
whole anterior surface o f  the thickened, uneven bone, w ith its 
num erous fistulous openings, is freely exposed. . . .

“We now, first, slowly remove the compressing India rubber 
tubing. You see how the pale skin  o f  the fo o t becomes red, first 
in  spots, then uniform ly everywhere, a n d  soon even presents a 
darker red colour than the other parts o f  the body. Observe the 
dressing o f  the w ound under the transparent paper; yo u  nowhere 
see blood oozing through the gauze bandage. The p a tien t has, 
therefore, not lost more than a teaspoonful o f  blood. A nd  now, 
observe the still quietly sleeping patient; he has, even now, the 
sam e red cheeks as before the operation; his pulse is fu ll  and  
strong, a nd  the recovery in his case will, no doubt, be much  
quicker a nd  more certain than i f  we had  removed the bone in 
the usual m annerf

Surgical Exp o sures

Long ago, a circumferential incision for an amputation and an 
X over an abscess were all that a surgeon needed to know. In the 
future, endoscopy portals may be the extent of knowledge, but, at 
present, there are a thousand different approaches to reach deep 
inside without doing damage. Kocher, in Switzerland, worked out 
new approaches every day before breakfast, and Henry, in Cairo, 
wrote Extensile Exposure.
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Master knot of Henry from Extensile Exposure, 1945.

O perations on  Bone

CORRECTIVE OSTEOTOMY 
JOHN RHEA BARTON, 1837

“The object o f  m y treatm ent was to remove deformity, and  
to restore to usefulness a lim b which had  unfortunately been 
suffered to become anchylosed in a mal-position. The following  
will, I  trust, satisfactorily explain the operation a n d  the after 
treatm ent o f  the case, as well as the principles by which I  was 
guided in the m anagem ent o f  it.

“S.D., M.D., form erly o f  Charleston, S.C., bu t now  a resident 
o f  Alabama, when a yo u th  o f  about nine years o f  age unluckily  
had his knee jo in t  involved in in flam m ation a n d  suppuration  
so extensively as to occasion the destruction o f  the synovial 
membranes, the ligaments, cartilages, a n d  in short, every struc-

♦ John Rhea Barton (1794-1871)

It is unusual for a surgeon to develop 
two entirely new principles of treat
ment and to realize the significance 
of the innovations himself. Barton 
introduced both arth rop lasty and 
co rrective  osteotomy for lim b de
formities. His ideas have been elab
orated and applied to a wide range 
of situations.

He w as born in Lancaster, 
Pen n sy lvan ia , the son of a judge 
(who designed the United State seal) 
and studied at the Pennsy lvan ia  
Hospital in Ph ilade lph ia . He later 
worked for the Father of American 
Surgery, Dr. Physick, who was one 
of H unter's pu p ils , before being 
elected to the surgical staff himself 
at the age of 29. He is said to have 
possessed great m anual dexterity, 
and was ambidextrous, with the re
su lt that once he had positioned 
himself for an operation he was not 
always shunting about.

In 1854 he wired a fractured 
patella but lost the patient to sepsis. 
His name is attached to a fracture 
he described— carpal subluxation 
with a marginal fracture of the artic
ular surface of the radius.

There is a marble bust of him at 
the College in Philadelphia, and the 
U n ive rs ity  of Pennsy lvan ia to this 
day has a Barton Professor of Sur
gery, endowed by his widow.

Corrective wedge osteotomy of Barton, 1837.
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ture peculiarly appertaining to the joint. A fter a protracted suffer
ing he fina lly  recovered w ith the loss o f  the joint; the tibia, fem u r  
a nd  patella having become united  to each other in the fo rm  o f  a 
true anchylosis. The loss o f  the articulation o f the knee, however, 
though a  misfortune, did  n o t constitute the sadness o f  his case. 
It was caused by the mal-position o f  the limb; the leg having  
been flexed  upon the thigh to a degree som ew hat less than a 
right angle. Hence the only alternatives o f  which he could avail 
him self to a id  h im  in w alking were, either to use crutches, or to 
employ a very high block-sole boot, a n d  to lower his stature by 
flexing  the sound limb, in order that both fe e t m ight reach the 
ground. The latter expedient he adopted. The long continued  
pressure a nd  weight o f  the body sustained by this defective limb, 
acting under such great m echanical disadvantages, h ad  a t length 
caused some protection o f  the instep, a nd  other irregularities, 
which it is unnecessary to particularise.

“This supposed irremediable condition o f  his limb, w ith all 
its ills, the young  gentlem an endured during the period  o f  about 
sixteen years. In  the m eantim e he graduated in medicine, and  
became a  successful an d  highly respectable practitioner; bu t as 
his professional labours increased, he fo u n d  the condition o f  his 
limb to be an obstacle not only to his fu r th er  success, bu t also a 
source o f  unceasing annoyance a n d  vexation. Whereupon, with  
a resoluteness no t surprising to those who knew  the strength o f  
his mind, the firm ness o f  his character, a nd  the abundance o f  his 
m anly courage, he repaired to Philadelphia in order tha t some 
relief m ight be obtained, i f  it  were possible. When consulted by 
him  I  fo u n d  h im  fu lly  prepared to learn that no benefit was to 
be expected fro m  any heretofore know n practice, and  that i f  
he could be relieved it m ust be by some novel expedient and  
treatment.

“After a candid an d  fu l l  disclosure o f  m y views o f  his case, 
a nd  o f  the means by which I  thought he m ight be benefited, his 
own ju d g m en t accorded with mine; a nd  believing in the feasibil
ity o f  the plans, he became urgent fo r  the undertaking. It was 
accordingly com m enced on the 27th day o f  May, 1835, and  
pursued  as follows: Two incisions were m ade over the femur, ju s t  
above the patella. The first com menced a t a p o in t opposite the 
upper a nd  anterior m argin o f  the external condyle o f  the femur, 
and, passing obliquely across the fro n t o f  the thigh, term inated  
on the inner side. The second incision com menced also on the 
outer side, about two a n d  a h a lf inches above the first; and  
passing likewise obliquely across the thigh, term inated with the 
other in  an acute angle. By these incisions were divided the 
integuments, the tendon o f  the extensor muscles o f  the leg, a t its 
insertion into the upper p a r t o f  the patella, a nd  some o f  the 
contiguous fibres o f  the rectus a nd  crureus muscles themselves, a 
greater p a r t o f  the vastus internus, a n d  a portion  o f  the vastus 
externus muscles. A flap, composed therefore o f  this structure, 
was elevated fro m  the fe m u r  close to the condyles. The soft parts  
were next detached fro m  the outer side o f  the bone, fro m  the 
base o f  the fla p  toward the ham, by passing a knife over the 
circumference o f  it, so as to adm it o f  the use o f  a saw. The flap
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then being turned aside, a triangular or wedge-like piece o f  the 
fem u r  was easily removed by m eans o f  a small narrow bladed 
saw; such as was used in the operation a t the hip. This wedge o f  
bone did  not include the entire diam eter o f  the fe m u r  a t the 
p o in t o f  section; so tha t a fe w  lines o f  the posterior portion  o f  the 
shaft o f  the bone rem ained y e t undivided. By slightly inclining  
the leg backward, these yielded, a nd  the solution was complete. 
This mode o f  effecting the lesion o f  the bone was designedly 
adopted, a n d  constituted w hat I  conceived to be a very im portant 
measure in the operation. Important, because it rendered a popli
teal artery free fro m  the danger o f  being w ounded by the action 
o f  the saw, a nd  subsequently the interlocking o f  the fractured  
surfaces tended to retain the extremities o f  the divided bone in 
their positions un til the harshness o f  their surfaces had been 
overcome either by the absorption o f  their angles, or by the 
deposition o f  new  m atter upon them —a change essential to the 
safety o f  the artery during the subsequent treatm ent o f  the case. 
N ot a  blood-vessel was opened which required either a ligature 
or compression. The operation, which lasted abou t five  minutes, 
being thus ended, the reflected fla p  was restored to its place, the 
w ound lightly dressed, a nd  the p a tien t ivas p u t  to bed, lying on 
his back, w ith the lim b supported upon a splint o f  an  angle 
corresponding to that o f  the knee previous to the operation. This 
position was m ain ta ined  until it was believed tha t the asperities 
o f  the bone had become blunted, a nd  were not likely by their 
pressure to cause ulceration o f  the artery beneath them. This first 
splint was then removed, a n d  another having the angle slightly 
obtuse was substituted. In a fe w  days a third splint, w ith the 
angle more obtuse than that o f  the second, supplied its place. 
Others, varying in degrees o f  angularity, in  like m anner came in 
their turn to support the lim b until it had atta ined a position  
alm ost straight. It was then unchangeably continued in tha t line 
until the contact surfaces o f  the bone had  united  a n d  securely 
fixed  the lim b in this the desired direction.

“D uring the treatm ent o f  the case, especial care was bestowed 
in protecting the popliteal vessels against any injurious encroach
m ent upon them. With that view, all antagonising pressure on 
the soft parts in the ham  was carefully avoided. The lim b was 
rested on two longbran bags, laid upon the splint, w ith  their ends 
apart—a vacancy o f  fo u r  or five  inches being left between them  
opposite the lesion o f  the bone. The interspace was lightly filled  
with carded cotton, so as to afford a safe support. Every sym ptom  
o f p a in  or uneasiness in this p a r t was prom ptly attended to. The 
occasional issue o f  a drop or two o f  blood fro m  the corner o f  the 
sore, during the process o f  dressing the limb, caused m e some 
solicitude in this case; whereas, ordinarily I  should have consid
ered it as a m atter o f  no m om ent— it being so frequen t an  
occurrence during the dressing o f  wounds, owing to the distur
bance o f  the granulations, especially in com pound fractures. The 
w ounded soft parts fina lly  healed a nd  quieted his anxiety. The 
straightening o f  the limb having been very cautiously a nd  by 
degrees effected, the first two m onths elapsed during the accom
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plishm ent o f  this object. Having then reduced it to the desired 
position, m eans were carefully observed to retain it so until the 
reunion o f  the bone had  been fu lly  completed; which occupied 
two m onths longer. The constitutional sym ptom s were such as 
usually occur in com pound fractures—som ew hat severe, bu t at 
no tim e alarming. Throughout the whole treatm ent it was not 
fo u n d  necessary to bleed him, or to have recourse to any very 
active constitutional measures. He was occasionally indisposed 
fro m  irregularity in the digestive functions, bu t was always speed
ily relieved by resorting to m ild  a n d  appropriate remedies.

“A t the end  o f  about fo u r  m onths fro m  the date o f  the 
operation m y p a tien t stood erect, w ith both fe e t in their natural 
position, a nd  the heels resting alike upon the floor, although a 
slight angle had been designedly left a t the knee, in order that 
there m ight n o t be any necessity fo r  throwing the lim b ou t fro m  
the body in the act o f  walking, which is always the case when  
the knee is quite straight. A fter this period, the use o f  shoes o f  
the ordinary shape was resumed, an d  the lim b was daily exer
cised w ith increasing strength and  usefulness. On the 19th o f  
October, the Doctor took his departure fo r  the South, bearing with 
him  the injunction to continue the support o f  a small splint and  
the a id  o f  a crutch or cane, until he should acquire sufficient 
confidence in the strength o f  the lim b to ju stify  h im  in laying 
them aside.

“I  was subsequently advised o f  his improvem ent—but was 
resolved not to give publicity to the case until the fu l l  an d  entire 
benefit o f  the operation could be ascertained. The wide distance 
which afterwards separated us prevented m e fro m  obtaining the 
necessary a nd  direct inform ation until w ithin a recent period. I  
have the pleasure now  not only to afford this intelligence, b u t to 
present it in the m ost satisfactory manner. Having written to the 
doctor fo r  the information, a nd  to learn fro m  him  in w hat 
m anner it m ight be agreeable tha t I  should refer to h im  as the 
subject o f  the case, the follow ing clear, satisfactory, a n d  well- 
written answer was prom ptly received. As the letter is fu l l  o f  
interest in the case, I  m ust be excused i f  I  publish it alm ost entire, 
even though it contain some fla ttering sentim ents fo r  the one to 
w hom  it is addressed. That p a r t only has been om itted which is 
in courtesy to m y family.

“Charleston, Novem ber 6th, 1837

“My dear Sir,

" . . .  I  have the satisfaction a n d  pleasure o f  saying to 
yo u  now, tha t the operation you  perform ed on m y leg has 
been completely successful, a nd  has more than realised m y  
m ost sanguine anticipations. The sm all abscess, which you  
dressed the day before we parted  a t Norfolk, continued open, 
an d  threw out, fro m  tim e to time, sm all pieces o f  bone, until 
the August after, when the last piece was discharged; the 
orifice then closed, a n d  I  have suffered no material incon
venience fro m  it since. From the January previous, however,
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I  was going about a n d  attending to m y professionad busi
ness; a n d  early in the summer, when our sickly season com
menced, I  was on horseback daily, riding fro m  thirty to fifty  
miles a day; w ithou t more than the ordinary fa tigue or 
inconvenience. I  am  a t present well; the w ound sound; and  
I  fee l no other inconvenience in riding or walking, than  
w hat arises fro m  m y knee jo in t  being stiff, which was the 
case before you  perform ed the operation. I  walk w ithout a 
stick or other aid, w ith the sole o f  the fo o t to the ground, 
an d  m y friends tell me, w ith but a slight limp; a nd  I  have 
great pleasure in adding that the leg and  fo o t have increased 
considerably in size, so as now  to be nearly equal to the 
other. When I  th ink o f  w hat I  was, an d  w hat I  am; a n d  that 
to yo u r  firmness, judgm ent, a nd  skill, I  am  indebted fo r  the 
happy change, I  w ant words to express adequately all tha t I  
feel. I  will no t a ttem pt it, b u t believe me, m y dear sir, I  feel 
it not the less.

“I  shall rem ain here fo r  a week or two longer, a nd  i f  
yo u  wish any fu r th er  inform ation on m y case, do write me, 
an d  I  will give it m ost cheerfully. After tha t period  I  cannot 
say where a letter w ould reach me. A d ieu .. .and am, m y  
dear sir, very sincerely, yo u r  friend,

“Seam an Deas”

In 1845 Gurdon Buck improved on this procedure. Barton’s 
operation produced angular deformity just above the knee so that 
the line of the tibia was some inches in front of the femur. The artist 
who drew Barton’s illustration has concealed this by extending the 
leg at the knee joint and not at the osteotomy.

Buck performed the osteotomy through the knee joint.

Closed Osteoclasis

Many designs were popular before sterile surgery became 
universal.

♦ Francesco Rizzoli (1809-1880)

Professor of surgery and obstetrics at 
Bo logna. He w ille d  his estate to 
found the Institut R izzoli, which be
came home to Codivilla and Putti 
and a showplace of Italian orthopae
dics. He used his osteoclast for leg 
equalization. He fractured the long 
leg and allowed it to shorten.

Rizzoli’s osteoclast. Closed osteoclasis was safer than open osteotomy until aseptic 
surgery was universal. Many osteoclasts were designed. In the days before aseptic 
surgery and after anesthesia, this seemed like a good idea. From Young JK: Orthopae
dic Surgery. Philadelphia, 1894.
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Corrective Osteotomy

OPERATION FOR KNOCK-KNEES
MAYER, 1853

“To the Editor o f  The Lancet 

“Sir,

“The follow ing case o f  operation fo r  knock-knees is re
ported  by Dr. Mayer, o f  the Orthopaedic Hospital a t Wurz
burg, in the proceedings o f  the Medical Society o f  tha t place 
(lately published), a nd  seems well worth recording in your  
pages.

“Your m ost obedient servant,

“F. A. B. Bonney

“Knightsbridge, April, 1853

‘John II, a strong a nd  healthy-looking boy o f  fifteen, son o f  
a baker, a n d  employed in his fa th er’s business, was found, on 
admission into the Orthopaedic Hospital a t Wurzburg, to have 
the right leg diverging about seven inches, a nd  the left about 
eight, fro m  the direction o f  the corresponding thigh.

“On the 14th o f  August, 1851, the lad having been p u t  
under the influence o f  chloroform, Dr. Mayer m ade an  incision 
beginning three-quarters o f  an  inch below the insertion o f  the 
ligam entum  patellae, a nd  curving downwards so as nearly to 
surround the fro n t a nd  inner (or mesial) side o f  the head o f  the 
tibia. He then turned the flap  upwards, a nd  divided the perios
teum  in the line o f  the firs t incision, an d  afterwards, w ith Heine’s

Osteotomy of Mayer for bow  legs, 1853.
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cutting-needle, separated the periosteum  fro m  the outer a nd  pos
terior surface o f  the tibia, so as to prepare fo r  the use o f  the saw. 
To protect the soft parts in tha t situation during the sawing, a 
strip o f  watch-spring, about h a lf an  inch wide was introduced  
between the denuded bone a nd  the periosteum. Dr. Mayer, then, 
with a round saw, m ade two incisions converging towards the 
posterior p a r t o f  the tibia, a nd  meeting about a line a n d  a  h a lf  
fro m  the surface, w ithou t therefore quite cutting the bone in two. 
The wedge thus excised was about five  lines thick a t its base, a nd  
was easily removed by forceps. The w ound was cleared o f  bone- 
dust by forcible injections o f  cold water, after which, through the 
flexibility o f  the rem aining isthmus o f  the tibia an d  the m obility  
o f  the fibula, no difficulty was fo u n d  in bringing the cut surfaces 
o f  bone into close apposition. The outer w ound was brought 
together w ith the greatest accuracy by needles a nd  ligatures (as 
fo r  hare-lip), the haemorrhage being quite inconsiderable. The 
leg was then p u t into one o f  Boyer’s hollow splints, used fo r  
fracture o f  the patella.

“H alf an  hour after the operation as, through the perfect 
apposition o f  the divided parts, no discharge o f  any k in d  was 
visible, the w ound was covered with a thick layer o f  collodium, 
and  upon this drying the ligature a n d  needles were removed. The 
traum atic reaction was very slight, an d  on the fo u rth  day the 
external w ound (five inches long) had perfectly united. The leg 
was now left quiet in the splint fo r  twenty-three days, when Dr. 
Mayer had the pleasure o f  find ing  tha t the incised surfaces o f  
bone had  united  also. The next day the pa tien t was allowed to 
walk in his room with crutches, a n d  a fe w  days afterwards in  
the garden w ithout any artificial support whatever.

“On the 3rd o f  October the other leg was operated on in the 
sam e m anner a nd  w ith the sam e success. He left the hospital, 
free fro m  deformity, a nd  with a firm  an d  natural gait, on the 
19th o f  November?
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Glisson’s splint for rachitic knee de
form ities , 1651. This w as all th a t 
could be done before operations be
gan.

Bone was initially cut with a chisel. Bernard Heine invented a 
clever little chain saw worked by hand in 1830. The idea was to 
protect soft tissues. Later, Macewen invented the osteotome we 
use today—sharpened both sides, it cuts straight.

Supracondylar Osteotomy, 1878
CLINICAL LECTURE ON ANTISEPTIC 

OSTEOTOMY DELIVERED AT THE ROYAL 
INFIRMARY, GLASGOW, BY

W ILLIAM MACEWEN, M .D., SURGEON AND
LECTURER ON CLINICAL SURGERY AT THE 

INFIRMARY

“Gentlemen, For som e tim e past those o f  yo u  who attend m y  
wards have seen under treatm ent two patients on w hom  osteot
om y was perform ed fo r  the relief o f  knock-knee, and, as I  intend  
perform ing a sim ilar operation this morning, yo u  will allow  
m e to bring the subject o f  antiseptic osteotomy briefly under 
yo u r  notice.

♦ )ean-Louis Mallet (1790-1847)

It is said he was a protege of Larrey, 
a military surgeon, during the hey
day of battlefield amputations. He 
was left to deal with partial hand 
and foot amputations and tired of 
using a cannon ball to hammer an 
axe blade through the tissues. He 
introduced a chisel and a specially 
shaped hammer, which came to be 
known by his name.
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♦ Sir William Macewen (1848- 
1924)

The youngest of 12 children, he was 
born on the Isle of Bute and was 
graduated from Glasgow in the time 
of Lister and Syme. At the age of 28 
he was elected to the surgical staff 
of the Royal Infirmary.

The new concept of antiseptic 
surgery was quickly assimilated by 
Macewen and enabled him to work 
up experimental operations so that 
they were safe, gave consistent re
sults, and were no longer a desper
ate remedy but a w idely applicable 
technique. For example, in 1877 he 
first performed subcutaneous osteot
omy for genu valgum using an anti
septic technique; only seven years 
later he reported a series of 1800 
osteotomies for this condition with
out any serious infection in a single 
case. There were, of course, a large 
number of cases of rickets in Glas
gow at this time.

He found a chisel unsuitable for 
cutting bone transverse ly and de
vised a special instrument sharpened 
on both surfaces so that it did not 
deviate to one side, for which he 
coined the word "osteotome."

He was a pioneer of chest sur
gery and neurosurgery and in tro
duced bone grafting and invented 
the endotracheal tube. Bone growth 
was his main research interest and 
he made m any contributions; he 
made a special study of antler for
mation to further his knowledge of 
prodigious rates of bone growth.

Osteotomy by Macewen.

“We m ay date the introduction o f  osteotomy, in its modern  
acceptation fro m  the tim e when a firm  fa ith  in the value o f  
antiseptics had  gained possession o f  the m inds o f  some surgeons 
who saw  that they thus possessed a pow er enabling them with  
safety a n d  surety to undertake operations which otherwise would  
be so dangerous to life that they were never contemplated.”

For nearly three centuries osseous defects have been replaced 
by bone grafts. Perhaps the first person to do this was Dutch 
surgeon Jobi Meekren in 1682. He replaced a defect in the cranium 
of a soldier with a piece of dog’s skull; the implant is said to have 
healed in perfectly. However, Jobi Meekren was required by the 
church authorities to remove the graft, under the ban of excommu
nication, as they refused to recognize such unchristian methods of 
treatment. This is recorded, not in the surgical literature, but in 
church records.

At the beginning of the 19th century, several surgeons trans
planted bone with occasional success. A little later in the century 
Oilier performed a great volume of experimental work but was 
discouraged because his grafts were absorbed through being put 
in the soft tissues. Bone grafting, though it was clearly possible, 
did not become a practicality until the advent of antiseptic surgery. 
Macewen, who had studied under Lister and was fascinated by 
bone growth, produced some spectacular results, and a few sur
geons copied him with varying success.

In about 1911 bone grafting became an accepted technique 
owing to the work of Fred Albee of New York (1876-1945). Albee 
used cortical bone grafts accurately carpentered to produce a 
cabinetmaker’s joint. He moved away from the tools of a sculptor 
and introduced electrical saws. Looking back, it is surprising that 
bone grafting should have come into its own with cortical grafts

After first operation on right leg ; After both operations,
the left leg in natural state.

These woodcuts are taken from photographs.
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This draw ing illustrates th e  precision jo inery elements made 
possible by the electrically driven bone mill in  bone surgery. The 
examples a re  self-evident analogies. Nos. 11 an d  12 a re  keyed in 
members to hold in tension broken knee-caps w hich will no t unite. 
N o. 14 is a  stop a t th e  ankle jo in t itself, m ade of the  patien t’s own 
bone, to prevent the foot from  dropping, thus discarding metal 
brace, No. 14-a. No. 10 illustrates an un-united fractu re  of the hip 
w ith bone g ra ft peg  w hich has been shaped in the lathe component 
of the mill of an autom atic size to  the  drill tha t m ade the hole fo r i t

The pow er saw that allowed Albee to 
cut bone accurately.

Albee was the great bone grafter in 
the 1920s and 1930s. He was the 
most aggressive, egotistical surgeon 
of the day. From Albee FH: A Sur
geon’s Flight to Rebuild Men. An Au
tobiography. New York, 1943.

as these are looked upon today as not only more difficult to insert 
but also as less reliable than cancellous grafting.

Phemister in 1931 wrote the paper that coupled his name 
with cancellous grafting of ununited fractures. But in fact the 
paper is a very matter-of-fact comparison of different methods of 
treatment rather than an encouraging account. In 1933 Ghormley 
used iliac grafts for lumbosacral fusion but few surgeons followed 
him. The value of cancellous bone grafting was not widely appreci
ated until World War II when, perhaps, fixation was better and the 
graft was not required to provide both fixation and new bone. 
Rainsford Mowlem, a plastic surgeon, showed the clear supremacy 
of cancellous grafting for ununited fractures for the first time 
in 1944.

Macewen pointed out that deer can produce new bone to 
form a new pair of antlers in a few months, so our attempts to 
create bone seem clumsy by comparison. It seems likely that 
alternatives to bone grafting as a means of stimulating formation 
will be found. Bone marrow, bone morphogenic protein, and dis
traction osteogenesis are our current best hopes.

OBSERVATIONS CONCERNING 
TRANSPLANTATION OF BONE, 

ILLUSTRATED BY A CASE OF INTER
HUMAN OSSEOUS TRANSPLANTATION 
WHEREBY OVER TWO THIRDS OF THE 

SHAFT OF THE HUMERUS WAS RESTORED 
BY W ILLIAM MACEWEN, 1881

“William Connell, aged three years, was adm itted  into the 
Royal Infirmary, Glasgow, under m y care, on July 17, 1878, in a 
much emaciated a nd  exhausted condition arising fro m  suppura
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tion in connection with necrosis o f  the right humerus. On August 
7, 1878, the p a r t o f  the necrosed bone exposed a t the operation 
was divided by the bone forceps. The upper p a rt o f  the shaft was 
then caught by lion forceps, rotated in order to loosen its perios
teal attachments, a nd  then pulled  out. The lower portion  was 
similarly dealt with.”

The arm healed but was useless and the parents wanted ampu
tation, but Macewen encouraged them  to allow him to try to 
improve it.

“Transplantation o f  two wedges o f  bone on November 9, 
1879 (one year a nd  three m onths after the removal o f  the nec
rosed shaft): A n  incision was m ade down to the extremity o f  the 
upper fragm ent. This extrem ity was fo u n d  to be cartilaginous fo r  

fu lly  a quarter o f  an  inch. This cartilaginous spike was removed 
leaving then a portion o f  bone which m easw ed  1 3A  inches from  
the tip o f  the acromion process. From this p o in t a sulcus about 2 
inches in  length was m ade in a dow nward direction between the 
muscles. The fo rm er presence o f  bone was nowhere indicated, 
a nd  the sole guide as to the correct position into which the 
transplant was to be placed was an anatom ical one. After the 
sulcus was form ed, the haemorrhage was fu lly  arrested a nd  an  
aseptic sponge was placed in the gap, which was then ready to 
receive the bone.

“Two wedges were then removed fro m  the tibia o f  a pa tien t 
six  years o f  age, affected w ith anterior tibial curves. The last o f  
these osseous wedges consisted o f  the anterior portion  o f  the 
tibia, along w ith its periosteum, the wedges gradually tapering 
towards the posterior p a r t o f  the tibia.

“They were removed, then cut into sm all fragm ents w ith the 
chisel, a nd  im m ediately thereafter deposited into the sulcus in 
the boy’s arm. They were kept under the spray while they were 
removed fro m  the tibia until they were covered by the soft parts  
o f  the arm  a nd  its antiseptic dressing. . . . ” [He repeated the graft 
on February 1 and July 9, 1880.]

“A t the beginning o f  March, 1881, the bone was fo u n d  firm ly  
united, fro m  the head to the condyles, a nd  measured 6 inches, 
while the left hum erus measured 6V2 inches, that is to say h a lf 
an inch longer than the transplanted one. The p a tien t could lift 
his arm  to his head an d  otherwise use it.”

Macewen published a follow-up note in 1909.

“It is now  thirty years since the hum eral shaft was rebuilt 
and  during the greater p a r t o f  this period  the m an has depended 
on his physical exertions fo r  the earning o f  his livelihood. He has 
worked as a jo in er  fo r  m any years a n d  is now  an engineer’s 
pattern  maker. His grafted arm  has increased in length bu t 
not proportionate to the sound  one. Measurements: The grafted  
hum erus measures fro m  the tip o f  the acrom ium  to the tip o f  the
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external condyle 10' b u t follow ing the curve in the bone it is 11" 
long. The sound hum erus fro m  the sam e poin ts measures /% " 
longer than the other”

After this William Connell served in World War I.

Pow er Tools

Cortical bone is hard and needs to be worked like metal rather 
than wood. Chisels and osteotomes tend to split and break it 
unpredictably. The hand saws used for amputation needed more 
space than was permitted by the keyhole incisions of early sur
geons scared of introducing infection. Heine in Germany produced 
a tiny chain saw worked like a hand drill. But anyone who has 
used a hand drill knows how  difficult it is to be precise. Powered 
equipment is more accurate. An assistant using a dental drill with 
a foot treadle was the starting point. Then came fast-turning circu
lar saws run by cables. This is what Albee used with such success. 
But other surgeons found them difficult to handle—I remember 
one fellow who touched the drapes with the spinning blade; the 
drapes were whisked off the patient and were spun like a huge 
flag over the open wound. Little wonder that oscillating blades 
were so welcomed.

Percutaneous fixation of fractures became popular only after 
air-powered drills and image intensifiers became available.

Heine’s osteotome. It works like a small 
chain saw. From Oilier L: Traite des Resec
tions. Paris, 1885.

Mollett’s saw, 19th century. When 
osteotomies were done, the kind of 
c a rp e n te r ’s saw  u sed  for am p u ta 
tions became unsuitable. From Medi
cal and Surgical History of the War 
of Rebellion.
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♦ Charles White (1728-1813)

A circular saw w ith a rubber drive appears to be a challenge. Oilier, 1885.

O perations cm cFoints

A rthrop lasty

Of all formal orthopaedic reconstructive procedures, the con
struction of new, movable joints was one of the first suggested. In 
Greek mythology, Pelops had a shoulder replaced by Klotho after 
Demeter had eaten it by mistake. The new shoulder was made of 
ivory. But excision arthroplasty generally preceded joint replace
ment.

In 1536, Ambroise Pare excised the elbow of a patient that 
had been destroyed by infection. In 1762, Filkin took out a knee 
joint damaged by tuberculosis in Norwich. In 1770, Charles White 
proposed excision of the head and neck of the femur, but did not 
carry it out except on cadavers. After this priorities are difficult 
to elucidate; one school developed arthroplasty for fixed joint 
deformities, and the other, larger school excised infected or se
verely damaged bone in the vicinity of the joints, and accepted the 
movement that occurred as a bonus. The instigators of each school 
lived on opposite sides of the Atlantic.

In 1822, Anthony White excised a hip joint at the Westminster 
Hospital, London, for sepsis, and for five years afterward the hip 
preserved good movement. John Rhea Barton performed an inter
trochanteric osteotomy of the femur in Philadelphia in 1825 for a 
fixed flexed hip, and succeeded in producing a pseudarthrosis.

Similar operations were carried out in small numbers, and in 
1831 Syme published a little book summarizing the indications for 
the procedure. Thirty years later, Hodge in America produced an 
excellent review but noted that the mortality from excision of the 
hip was about 50%, though this compared with a mortality rate of 
nearly 100% for amputation at the level of the hip. This encouraged 
Hugh Owen Thomas and others to advocate nonoperative treat
ment for infective hip conditions as far as possible.

After these early attempts at arthroplasty, stiffness seems to 
have been the main problem; further advances used devices to 
keep the raw bone ends apart. Carnochan used wood in 1840, 
Verneuil interposed muscle in 1861 and this remained popular,
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but surgeons tried fascia, skin, oil, rubber, celluloid, ivory, and 
membranes whose origins would satisfy any witch doctor.

Themistocles Gluck experimented with bone cements to hold 
ivory prostheses. In 1890 he implanted a knee and a wrist. He 
presented these at one meeting and wanted to present them at an 
international meeting. He was not allowed to by his ex-chief, who 
said, “As the leader of German surgery I cannot allow you to 
discredit German science in front of a platform of international 
surgical specialists.” A year later Gluck was pressured into reporting 
that his results in tuberculous joints were a failure, but 30 years 
later he reported success and he was honored.

J.E. Pean in Paris produced an artificial shoulder joint in 1893- 
It was made of rubber and platinum. He implanted it into a tubercu
lous shoulder and it lasted for 2 years. Pean removed it because of 
infection and ectopic ossification. The prosthesis can be seen at 
the Smithsonian Institution.

The Colonna capsular arthroplasty was described in 1932, 
based on principles laid down by Hey Groves. Subsequently, dis
traction proved sufficient to produce a pseudarthrosis after joint 
excision, and Robert Jones in 1921 and Girdlestone in 1945 became 
the principal advocates of this.

Excision arthroplasty, while satisfactory from many points of 
view, produced undesirable instability. Smith-Petersen of Boston 
realized that if the joint was to retain stability a proper congruous 
mechanical bearing was needed. This was the very situation in 
which the joint was most likely to fuse solid. He therefore intro
duced his cup to serve as an interposition membrane. At first he 
looked upon it as a mold—to mold the fibrocartilage as it devel
oped over the raw bone ends—and planned to remove the mold 
when it had served its purpose. He spent a long time finding a 
suitable material from which to form a mold; he started with glass 
in 1923, then used viscalloid (an early form of plastic), Pyrex, and 
bakelite. Not until 1938 did he use vitallium. This became the 
arthroplasty of the 1940s.

In the 1950s the Judet brothers, Robert and Jean, dominated 
the scene with a new idea; replacement arthroplasty. The first one 
was carried out in 1946, and their experience appeared in book 
form in 1952. Their choice of material, acrylic, proved as unfortu
nate as Smith-Petersen’s choice of his earlier materials, but it was 
forced on them because stainless steel and other metals were not 
available in France just after the war. The failures of the acrylic, 
and the difficulties with the nearly horizontal stem, paved the way 
for the development of the Austin Moore and Thompson prostheses 
with their stronger materials and better stem design. The relative 
softness of the head of the acrylic prosthesis had not revealed 
another potential difficulty of a replacement arthroplasty that has 
become apparent with metal prostheses—the acetabulum wears 
out in certain cases. Replacement of both the acetabulum and 
femoral head followed and is discussed in Chapter 2.

Silicone spacers for small joints began life in Alfred Swanson’s 
laboratory in 1962 and were implanted in the first patient in 1966.

Parallel to the developments in the formation of false joints 
and new joints has been other attempts to revitalize joints by 
means of osteotomies. Kirmisson in 1894 suggested high femoral

The ivory  p ro s th es is  d esigned  by 
Gluck for the upper end of the tibia, 
to  be  used  in a rth ro p las ty  o f the  
knee. From Senn N: Tuberculosis of 
the Bones and Joints. Philadelphia: 
E A. Davis, 1901.
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osteotomy for long-standing irreducible dislocation of the hip. Lo
renz in 1919 treated this condition by femoral section at the 
level of the acetabulum and displaced the distal fragment into the 
acetabulum to form a new joint. Shanz in 1922 described a lower 
osteotomy with angulation at the osteotomy site so that the upper 
fragment lay parallel to the pelvic wall, acting as a slight support.

This type of operation found a new  use in 1935 when McMur
ray and Malkin independently published a small series of osteoto
mies for the deformities of osteoarthritis of the hip. The pain 
was relieved. This operation has been largely replaced by hip 
replacement.

EXCISION ARTHROPLASTY 
ANTHONY W HITE, 1822

The first successful excision of the head of the femur was 
performed in Britain’s Westminster Hospital by Anthony White in 
April, 1822.

“John West, when nine years old, slipped down stairs, and  
slightly hurt his left hip. A fter a fe w  weeks, he was observed to 
limp in his gait, a n d  com plained o f  stiffness a nd  p a in  in his 
groin, a n d  subsequently he lost the pow er o f  locomotion, had  the 
usual sym ptom s o f  disease in  the hip-joint, a nd  the head o f  the 
thighbone became displaced, a n d  rested fa r  back on the dorsum  
ilia. He suffered very acutely, a nd  underw ent the usual treatm ent 
o f  cupping, blistering, a nd  every other m ethod o f  local a nd  consti
tutional treatm ent fo r  m any months, bu t w ithout benefit, and  
after a tim e suppuration in the jo in t  took place, which was 
evacuated fro m  the fro n t a n d  upper p a r t o f  the thigh. Temporary 
relief was thus obtained, bu t during two years a succession o f  
sim ilar abscesses fo rm ed  around, a n d  sm all portions o f  bone 
were frequently protruded through the sinuses which remained, 
a nd  more especially, fro m  those fo rm ed  over the pubes. A t the 
end o f  the third year, he was in the greatest possible state o f  
emaciation, no longer suffering acute pain , bu t exhausted by 
the previous suffering, a nd  by an overwhelm ing discharge fro m  
num erous apertures. The integum ents over the displaced bone 
had become a t various parts absorbed, a nd  the bone a t these 
poin ts was readily fo u n d  to be in  a state o f  superficial caries. 
The knee had been long im bedded a nd  im m ovably fixed  on the 
inner side o f  the opposite thigh, a n d  the right side on which he 
could alone lie, was cruelly galled w ith bedridden ulcerations. 
The fo rm a tion  o f  fresh abscesses had  fo r  some m onths ceased 
a n d  fu r th er  diseased processes were no t apprehended. In  the 
m onth o f  April, it was determined, in consultation with Travers, 
to remove the head o f  the bone; the circumstances o f  his health, 
with the exception o f  great emaciation, n o t forbidding it.”

White made an incision, divided the bone 2 inches below the 
greater trochanter, and removed the upper end of the femur. The 
leg now  became straight, and John West was nursed on his back 
with his leg in bandages.
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The wound quickly healed; the various sinuses soon ceased to 
discharge; and the health of the patient speedily improved. Within 
12 months he enjoyed the most useful compensation for the loss 
of the original joint, had perfect flexion and extension of the thigh, 
and every other motion except for turning the knee outward. The 
limb, of course, remained shorter, by as much as had been cut off 
from the top of the thigh bone.

He died of phthisis live years after the operation, and an 
opportunity was thus obtained to study the parts. The specimen, 
which was put in the museum of the Royal College of Surgeons, 
showed a fibrous ankylosis.

ON THE TREATMENT OF ANCHYLOSIS, BY 
THE FORMATION OF ARTIFICIAL JOINTS. 

A NEW OPERATION, DEVISED AND 
EXECUTED BY

J. RHEA BARTON, 1825

“I  beg leave to call the attention o f  m y professional brethren 
to the follow ing paper, believing that it contains some new views, 
in relation to a deformity a nd  lameness, hitherto, I  think, ex
cluded fro m  the surgeon’s list o f  curable complaints, a nd  one o f  
the opprobria o f  our art; I  allude to a firm , bony anchylosis o f  
the hum an  joints.

“John Coyle, native o f  Philadelphia, twenty-one years o f  age, 
sailor on board the schr. Topaz, Captain Schyler, states, tha t on 
the 17th day o f  March, 1825, he fe ll fro m  the hatchway into the 
ship’s hold, upon the end o f  a barrel, a distance o f  abou t six or

Hip arthroplasty. John Rhea Barton, 1825.
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seven feet; that the force o f  the fa ll was sustained on the outside 
o f  his right hip; violent p a in  was the im m ediate consequence, 
and  m uch tumefaction ensued; tha t after the injury, he arose 
with difficulty, a nd  attem pted to walk, thinks he m ade one or 
two steps, bu t was compelled to retire to his hammock, where he 
laid contracted fo r  the space o f  about eighteen days; was then 
taken into Porto Cavello, a n d  conveyed to the hospital. When 
lodged upon his bed, he placed him self on his side, w ith the 
injured limb uppermost, drawing the thigh to a right angle with  
the axis o f  the pelvis, a nd  the knee resting on the sound  side. In  
this posture he continued, w ithout any m aterial alteration, fo r  
the space o f  about five  months, enduring all the suffering atten
dan t upon a high degree o f  in flam m ation o f  one o f  the largest 
jo in ts  in the h um an  body, a nd  unalleviated by the support o f  
splints, or a jud icious antiphlogistic course o f  treatment. As might 
naturally be expected, a rigid a nd  deformed limb was the result 
o f  such disease, com batted only by the adm inistration o f  some 
simple liniment.

“With regard to the real nature o f  the p rim ary  injury sus
tained, little can be said. The opinion on this point, o f  the medical 
attendant, under whose special care the pa tien t was placed in 
the hospital, is no t known. Dr. Murphy, surgeon general, who 
occasionally saw  him, believed it to be a dislocation. On board o f  
the Topaz, previous to his removal to the hospital, two physicians, 
belonging respectively to an English a nd  French vessel o f  war, 
laying in port, inspected the limb, in com pany w ith the American 
Consul, Dr. Litchfield. Two o f  these gentlemen thought there was 
fracture; the French physician believed it to be some fo rm  o f  
luxation. It is certain therefore, fro m  the difference o f  sentiment, 
that there was much obscurity in the case.

“In  October, 1825, Coyle returned to Philadelphia, having  
been sent hom e by our Consul.

“Early on his arrival, he exhibited h im self to me. He was 
then supported by crutches, having the thigh drawn up nearly to 
a right angle w ith the axis o f  the pelvis, and  the knee turned  
inward, an d  projecting over the sound thigh; so tha t the outside 
o f  the fo o t presented forward. There was considerable enlarge
m en t round the hip, which so much obscured the case, even a t 
this date, as to prevent me fro m  form ing  any positive opinion as 
to the real nature o f  the original injury. From the fixed  and  
imm ovable condition o f  the limb, it was impossible to ascertain 
whether, in a straight position, there would be shortening, and, 
i f  any, to w hat extent. The general feature o f  the limb bore 
som ew hat the resemblance o f  tha t resulting fro m  a dislocation 
into the ischiatic notch; y e t the position in which the great tro
chan ter stood, in  rela tion to the superior an terior sp inous  
process, discouraged such a belief. All things considered, I  was 
rather inclined to the opinion, tha t there had been neither frac
ture nor luxation; bu t that the violence o f  the fa ll had produced  
an  extensive contusion o f  the round ligam ent a nd  joint, a nd  that 
disorganisation had  follow ed the consequent inflam mation. On 
this point, whatever m ight have been the nature o f  the accident, 
I  thought I  m ight fee l assured, tha t now  all articular m ovem ent
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was gone, a nd  that true anchylosis had  taken place. Trusting, 
however, to the fallibility o f  m y judgm ent, an d  wishing, fo r  the 
p a tien t’s sake, tha t it m ight prove erroneous, I  was induced to 
adm it h im  into the Pennsylvania Hospital, w ith the view  o f  
employing extension on the lim b fo r  some weeks, in hopes that 
its malposition m ight thereby be corrected. A perseverance, how
ever, in this treatment, only proved the unalterable state o f  the 
hip-joint, a n d  confirmed m y early fo rm ed  opinion. He subse
quently fe ll under the care o f  m y estimable fr iends a n d  col
leagues, Drs. Hewson a n d  Parrish, in their respective tours o f  
surgical attendance in the hospital, where we several times con
sidered his case in  consultation, a n d  were united  in our fin a l 
decision, tha t any fu r th er  attem pt to release the jo in t  would  
be useless.

“Finding Coyle still in the hospital, a yea r after his adm is
sion, m uch reflection on his case led m e to propose to m y col
leagues, the follow ing operation, viz. to m ake an  incision through 
the integuments, o f  six or seven inches in length, one h a lf ex
tending above, a nd  the other below, the great trochanter; this to 
be m et by a transverse section, o f  fo u r  or five  inches in extent; 
the two fo rm ing  a crucial incision, the fo u r  angles o f  which 
were to m eet opposite to the m ost p rom inen t p o in t o f  the great 
trochanter; then to detach the fascia, and, by turning the blade 
o f  the scalpel sideways, to separate anteriorly all m uscular struc
ture fro m  the bone, w ithout unnecessarily dividing their fibres. 
Having done this, in like manner, behind a nd  between the two 
trochanters, to divide the bone transversely through the great 
trochanter, a nd  p a rt o f  the neck o f  the bone, by means o f  a 
strong a nd  narrow saw, m ade fo r  the purpose; this being accom
plished, to extend the limb, a nd  dress the wound. After the irrita
tion fro m  the operation shall have passed away, to prevent, i f  
possible, by gentle a nd  daily m ovem ent o f  the limb, etc., the 
form ation  o f  bony union; a nd  to establish an  attachm ent by 
ligament only, as in cases o f  ununited  fractures, or artificial 
joints, as they are called.

“In this proposition, fo u r  material po in ts presented them 
selves fo r  consideration, viz. the practicability o f  the operation; 
the degree o f  risk to life, consequent thereto; the probability o f  
being able to arrest ossific re-union; and  the reasonable prospect 
o f  benefiting the p a tien t thereby.

“These views were fu lly  explained to m y colleagues, a n d  were 
accompanied by the assurance, tha t m y p a tien t had  been fa irly  
apprised o f  his present condition, a nd  o f  the nature and  inten
tions o f  the operation proposed; tha t he had  no t merely acceded 
to it, bu t that, after placing his sufferings, the difficulties, risks to 
life, the chances o f  failure, a nd  the dangers eventually o f  aggra
vated lameness, in the strongest a nd  m ost exaggerated light, he 
had expressed his willingness to endure any pain , or duration o f  
suffering, a nd  to subject h im self to all hazards, fo r  the remotest 
prospect o f  relief.

“Accordingly, on the 22nd  day o f  November, 1826, assisted 
by Drs. Hewson an d  Parrish, I  proceeded to the operation publicly  
in  the Pennsylvania Hospital.
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“To a large medical class, a nd  m any respectable physicians, 
assembled, I  again represented the nature o f  the case, and  o f  the 
operation, a nd  the views an d  course o f  reasoning which induced  
m e to adopt it, stating likewise, tha t I  wished it to be distinctly 
understood, tha t a submission to m y contemplated plans had  
not been urged upon m y p a tien t by any false or delusory prom 
ises; bu t tha t an  explanation o f  his existing condition, an d  o f  the 
means proposed to be attem pted fo r  his relief, were fu lly  m ade to 
him, in language adapted to his right comprehension o f  the 
matter, as well as by m y colleagues, as by myself; a nd  that he 
had authorised m e thus publicly to state, that he was prepared 
to assum e all a n d  the exclusive responsibility fo r  the issue.

“With this exculpation, therefore, the operation, as already 
detailed, was p u t  into effect. The integum ents a nd  fascia being 
divided a nd  raised, the muscles in contact w ith the bone, around  
p a rt o f  the great trochanter, were carefully detached, an d  a pas
sage thereby made, ju s t  large enough to adm it o f  the insinuation  
o f  m y fore-fingers, before a n d  behind the bone; the tips o f  which 
now  m et around the lower p a r t o f  the cervix o f  the femur, a little 
above its root. The saw was readily applied, and, w ithout any  
difficulty, a separation o f  the bone was effected. The thigh was 
now released, a nd  I  im m ediately turned ou t the knee, extended  
the leg, a nd  placed the limbs side by side; by a comparison o f  
which, in reference to length, the unsound m em ber betrayed a 
shortening o f  about h a lf an  inch. This m ight have been caused 
partly by a distortion o f  the pelvis. N ot one blood-vessel required 
to be secured. Union by the firs t intention was no t attempted; the 
lips o f  the w ound  were only supported by adhesive plaster and  
slight dressings. The pa tien t was p u t  to bed, a nd  Dr. Sault’s splints 
were applied, to support the limb.

“The operation, though severe, was no t o f  long duration, it 
being accomplished in the space o f  abou t seven minutes.”

Postoperatively, the patient kept the leg still for nearly six 
weeks, and then began to move it in bed. By nine weeks the 
wound was soundly healed and he stood out of bed on crutches. 
A few days later he took a few steps and developed good control 
over the false joint.

Ten years later Barton gives a follow-up report about him.

“The patient, upon w hom  this operation was performed, 
enjoyed the use o f  his artificial jo in t  fo r  six years; during which 
period  he pursued  a business (trunk-m aking) w ith great indus
try, earning fo r  h im self a comfortable subsistence, a nd  a small 
annual surplus.

“Pecuniary losses however, through the reverses o f  those in 
whose hands he had  confided his means, sunk h im  into a state 
o f  despondency an d  desperation, follow ed by habits o f  intemper
ance. This, w ith its train o f  evils, abuse o f  health, etc., was, no 
doubt, the cause o f  the change which afterwards took place in 
the artificial joint. It gradually became more and  more rigid, 
an d  finally, all m otion ceased in the part. With this exception, the 
benefits o f  m y operation were retained a nd  fu lly  appreciated
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until the period  o f  his death; fo r  as the limb had been freed  fro m  
deformity a nd  restored to a useful position, he had no occasion 
even fo r  a cane to a id  in walking. D uring an  attack o f  the Asiatic 
cholera, he expressed a desire tha t I  should be sent for, in order 
that he m ight renew his bequest to m e o f  the parts interested in 
the operation. He recovered fro m  the cholera, bu t subsequently 
died o f  phthisis pulm onalis. The autopsy exhibited the parts 
as described in the published case, b u t w ith the artificial jo in t  
ancholysed; a change which had been effected w ithin the two 
years previous to his death. With ordinary care, in all probability, 
this would not have taken place.

“The fin a l history o f  this case presents now  the im portant 
fact, tha t benefit had  resulted, which fu lly  requited the individual 
fo r  the p a ins he had endured, a nd  were considered by him, even 
after the closure o f  the jo in t, ye t all ample reward fo r  the opera
tion he had  undergone.”

In the original article he goes on to explore the possibilities 
of arthroplasty.

“Having now  established the fact, tha t an artificial jo in t  can 
be substituted fo r  the loss o f  the natural articulation a t the hip, 
it becomes a m atter o f  importance to ascertain how  fa r  the same  
principles are applicable to the form ation  o f  new  jo in ts  in other 
parts o f  the body, where natural m otion has been lost. My reflec
tions on the point, have not presented any forbidding circum
stances b u t it is no t in every jo in t, tha t the loss o f  m otion would  
be sufficiently im portant to call fo r  the a id  o f  a p a in fu l operation. 
The m ost serious evil is sustained by the loss o f  the hip, knee, 
shoulder, elbow, great toe, a nd  finger joints, a n d  o f  the lower jaw, 
and  these, I  believe, m ay all come w ithin the reach o f  am endm ent 
by operation, i f  the muscles which move these respective jo in ts  
are in a sound a nd  efficient state. I f  they have been lost, it would  
be palpably wrong to fo rm  a jo in t, since its unrestrained m otion  
would be more troublesome than a rigid limb. A transverse 
section o f  the bones w ould be proper, i f  the operation were to be 
attem pted a t the shoulder, knee, fingers, or toes; b u t an  angular 
division would be necessary a t the elbow, in order to preserve 
some resemblance to the natural jo in t  a t this part.

“I  hope I  will no t be understood as entertaining the belief, 
that this treatm ent will be applicable to, a nd  jud icious in, every 
case o f  anchylosis. I  believe the operation w ould be justifiable 
only under the follow ing circumstances, viz., where the p a tien t’s 
general health is good, an d  his constitution sufficiently strong; 
where the rigidity is no t confined to the soft parts, bu t is actually 
occasioned by a consolidation o f  the jo in t; where all the muscles 
a nd  tendons, tha t were essential to the ordinary m ovem ents o f  
the fo rm er joint, are sound, a nd  no t incorporated by firm  adhe
sions w ith the adjacent structure, where the disease, causing the 
deformity, has entirely subsided; where the operation can be 
perform ed through the original p o in t o f  motion, or so near to it, 
that the use o f  m ost o f  the tendons a nd  muscles will no t be lost; 
and, finally, where the deformity, or inconvenience, is such, as
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♦ James Syme (1799-1870)

Born in Princes Street, Edinburgh, 
the son of a lawyer. W hile a student 
at Edinburgh University, he found a 
way of dissolving rubber and discov
ered that when this was applied to 
material it became waterproof. Had 
he realized the commercial value of 
this, his name, and not that of Mack
intosh, would have been attached to 
this product.

After qualifying, he opened a 
school of anatomy and later a very 
successful private c lin ic . For a short 
while he was professor of surgery 
at University College Hospital. He 
found it difficult to get on the staff 
of the hospital at Edinburgh; how
ever, the professor of surgery eventu
ally agreed to retire at the age of 81 
on the condition that his successor 
paid him a pension. Syme acqui
esced and obtained hospital beds. 
Later Lister became his assistant and 
married his daughter.

Syme is remembered for the in
troduction of conservative alterna
tives to major amputations. In 1831 
he published a booklet on joint exci
sion as an alternative to amputation 
for grossly diseased jo in ts . Later, 
joint excision fell into disrepute be
cause it tended to supplant all other 
methods of treatm ent for tubercu
lous joints, and the succeeding gen
eration of surgeons decried it in fa
vor of rest. He introduced his 
amputation in 1844 as an alternative 
to below-knee am putation, w h ich  
was then the standard level.

will induce the p a tien t to endure the pain, a nd  incur the risks o f  
an operation.’’

ON THE DISEASES AND INJURIES OF THE 
JOINTS IN WHICH EXCISION MAY BE 

PERFORMED
JAMES SYME, 1831

“Owing to the improvements o f  m odern surgery, more partic
ularly in the treatm ent o f  aneurysms, fractures a nd  necrosis, 
am putation o f  the extremities is now  very seldom perform ed in 
civil practice except in cases o f  disease or in jury o f  the joints.

“Though am putation is a measure very disagreeable both to 
the p a tien t a nd  to the surgeon, it has hitherto, w ith hardly any  
exception, been regarded as the only safe a nd  efficient means o f  
removing diseased jo in ts  which do no t adm it recovery. The idea 
o f  cutting o u t merely the m orbid parts an d  leaving the sound  
portion  o f  the limb, seems to have hardly ever occurred, or to 
have m et w ith so m any objections that it was alm ost instantly 
abandoned.”

A rthrodesis

Perhaps the first person to carry out an arthrodesis for defor
mity was Henry Park in Liverpool in 1781. The son of an apothe
cary in Liverpool, he was apprenticed to Pott, to whom he dedi
cated the technique. Apart from describing arthrodesis, his other 
chief claim to fame is that he delivered Gladstone, a Victorian 
British Prime Minister.

AN ACCOUNT OF A NEW METHOD OF 
TREATING DISEASES OF THE JOINTS OF 
THE KNEE AND ELBOW IN A LETTER TO 

MR. PERCIVALL POTT
BY H. PARK OF LIVERPOOL, 1781

Joint infections all too often ended in amputations; he thought 
that there were other untried surgical methods that would produce 
a better result.

“The resource I  m ean is the total extirpation o f  the articula
tion, or the entire removal o f  the extremities o f  all the bones 
which fo rm  the joints, w ith the whole, or as m uch as possible, o f  
the Capsular ligament; thereby obtaining a cure by means o f  
Callus or by uniting the fem u r  a nd  tibia, when practised on the 
knee; a n d  the Humerus, Radius a nd  Ulna, when a t the elbow, 
into one bone, w ithout any movable articulation.

“The practicability o f  such an  operation, w ith a probability 
o f  success, occurred to m e som e years ago; bu t as the undertaking  
appeared liable to m any difficulties a nd  objections, I  wished to 
avoid being too precipitate in the attempt, an d  therefore fre 
quently m ade it a subject o f  conversation with different Gentle-
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m en o f  the Profession. The principal difficulties tha t occurred, 
either fro m  m y own reflections, or the observations o f  m y friends  
were as follows, viz.: the hazard o f  w ounding the principal blood 
vessels; the great in flam m ation a nd  large suppurations usually 
consequent on w ounds o f  the articulations; the uncertainty o f  
obtaining a firm  callus; the loss o f  the insertions o f  the extensor 
muscles; the doubt respecting the utility o f  the limb, provided a 
cure could be obtained; the uncertainty o f  removing the whole 
disease when caries gave rise to operation; and, when under
taken on account o f  a scrophulous affection o f  the joints, the 
hazard o f  return o f  the sam e disease.”

These difficulties he considered and finally discounted after 
rehearsing the procedure on cadavers. He decided to put the 
operation into practice.

“I  had  under m y care in the Infirmary, Hector M ’Caghen, a 
strong, robust, Scotch sailor, aged 33, who was adm itted fo r  a 
diseased knee o f  ten years standing. The joint, though pretty  
considerably enlarged, was by no m eans so m uch so as is fre 
quently m et w ith in scrophulous affections; ye t the integum ents 
were so tense as to appear incapable o f  fu r th er  distension; the 
contraction o f  the Flexor Muscles was such as to draw  back the 
leg, so as to fo rm  a right angle w ith the thigh, in which position  
it was im m ovably fixed; apparently some degree o f  union had  
begun to take place, bu t this could no t y e t be determ ined with  
certainty, as every a ttem pt to com m unicate to the jo in t  the small
est a m o u n t o f  motion, gave him  the m ost excruciating pain.”

Conservative treatment did not help, and the patient’s pain 
led him to request amputation. Park suggested his operation, and 
carried it out on 2nd July, 1781. He made a cruciate incision, 
removed the patella, and sawed off 2 inches of femur and 1 inch 
of tibia, making transverse cuts. This was just enough to allow the 
sawn ends of the bones to be in close contact, held by the con
tracted hamstrings. He inserted a few skin sutures, applied a mini
mum of dressings, and placed the leg in a case of tin.

The wound discharged profusely for some time and did not 
heal for about three months. The patient started to go about on 
crutches, and by five months after the operation union was strong 
enough for him to lift the leg up straight, and in another month it 
felt solid. He subsequently had 3 inches shortening, and wore a 
raised shoe and a protective leather support. Hector M’Caghen 
returned to sea once more w ith a leg that felt strong. (In the same 
letter Park describes an arthrodesis of elbow.)

Syme gives a little more of the history of Hector M’Caghen. 
He continued as a sailor and was shipwrecked twice without his 
leg causing any trouble, finally drowning in the Mersey w hen a 
boat overturned.

M OREAU, 1782

P. F. Moreau’s father wrote, but did not publish, the following
idea:

♦ Henry Park (1745-1831)

Liverpool surgeon.
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♦  Eduard Albert (1841-1900)

Bom in Bohemia and studied in V i
enna. He became professor of sur
gery at Innsbruck in 1873 and later 
transferred to Vienna. An excellent 
teacher and man of ideas, he de
scribed arthrodesis to improve the 
function of flail limbs, synovectomy, 
the transplantation of nerves, sciatic 
scoliosis, and Achilles bursitis.

[1782: The elbow joint.] “The caries should affect the whole 
o f  the joint. I  w ould no t hesitate to cut it out. I  would bring the 
cut ends o f  the bone together; an d  while the contraction o f  the 
muscles w ould retain them in contact, I  would keep the limb  
fixed, as in cases o f  fracture, a n d  w ait patiently, till nature should  
unite the bones together by callus.” He did an excision of the 
shoulder joint in 1786 and reported it. But his Medical Society 
suppressed the report. In 1792 he excised a knee joint, and this 
was reported by his son.

Exactly 100 years later Albert of Vienna suggested arthrodesis 
as a means of treating flail limbs.

SOME CASES OF ARTIFICIALLY PRODUCED 
ANKYLOSES IN PARALYZED LIMBS

E. ALBERT, 1881

“I  have tried the idea o f  m aking  paralysed legs, especially 
those incapable o f  bearing weight due to poliomyelitis, more 
useable and  more independent o f  appliances by artificial ankylo
sis in the follow ing cases a nd  fo u n d  it successful:

“Josef F., aged 22; adm itted 20 July 1881. Left leg, especially 
calf, grossly wasted. Muscles o f  hip jo in t  function ing  perfectly. 
Knee an d  fo o t completely flail; fo o t in slight equinus. This leg 
which was attacked by poliomyelitis in childhood is notably 
shorter.

“20 July. Resection o f  the knee jo in t through Volkm ann’s 
incision a nd  division o f  the patella. Removal o f  the capsule. 
Enough cut o f f  the fem u r  to allow the level o f  section to pass 
through the fossa intercondyloideus; a thin disc cut o ff  the tibia. 
Two bone sutures between fem u r  a n d  tibia, a nd  one between the 
two halves o f  the patella. Sutures, drainage, Lister bandage, and  
splint fixation.

“The w ound healed mostly p er  prim am , bu t in a fe w  places 
w ith som e sepsis.

“2  September. Erysipelas ivas in the wound.
“11 September. Abscess opened below tuberosity. Erysipelas 

faded.
“15 October. Firm jo in t  confirmed.
“2  November. Silver wires removed; jo in t  solid and  immove

able.
“After the p a tien t had walked around fo r  some time on 

crutches he was, a t the end o f  November, given a support which 
was fixed  to the unstable fo o t by m eans o f  a lace-up boot and  
two side irons. The irons pass above the knee so as to protect the 
rigid knee jo in t fro m  accidental injury fo r  some time. A t dis
charge on 12th December the knee is completely ankylosed.

“Another knee fusion. Successful.
“Another knee fusion. Some m ovem ent remained.
“Therese W, aged 11. Struck down by poliomyelitis aged 1 

year. Left leg alm ost 3 cm short, wasted. Calf much more wasted 
than the thigh. Hip a n d  knee jo in t norm ally actively mobile. Foot 
in fixed  equino-varus position. Pronounced hum p on the dorsum  
o f  the foot. Toes capable o f  active flexion  and  the existing p lantar
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flexion  could be increased. The dorsal group o f  muscles paralysed. 
The fo o t completely unstable, walking difficult.

“29 December, 1881. Achilles tenotomy, then the ankle jo in t  
opened up through a dorsal incision which also divided the 
attenuated tendons o f  the toe extensors. The cartilage covering 
the talus an d  the articular surface o f  the fibu la  removed. The 
cartilage was extraordinarily easy to peel off, as is alm ost always 
the case w ith paralysed extremities. Wound sutured, Lister ban
dage, plaster cast.

“On the sixteenth day erysipelas spreading only over the calf 
an d  disappearing by the 23rd day. In  order to relieve the equinus  
deformity o f  the fo o t a n d  to ankylose it in the neutral position  
o f  the ankle jo in t  the plaster cast had  to be removed several times 
an d  replaced after fu r th er  correction. When the last cast was 
applied it appeared tha t slight overcorrection had  been produced  
so that a m inor degree o f  pes calcaneus seemed to have devel
oped. In order to achieve better control, the leg was fixed  to a 
splint, o f  which the longer p a r t was fixed  to the calf a nd  the 
shorter to the foot, fix in g  the two a t right angles. A fter 6 iveeks 
the pa tien t could p u t  her weight on the foot. She was discharged 
9 weeks after operation; the talus a n d  lower leg were firm ly  
united; the fo o t was in a position o f  very slight pronation; in 
walking the leg m oved in one piece, bu t the fo o t was no longer 
unstable and  the p a tien t was plantigrade. She was given a sup
porting appliance (a lace-up shoe with a side iron).

“The cases I  report can only be regarded as encouraging; the 
expected results were achieved, in fa c t one m ight say tha t the 
results exceeded expectation since one m ig h t have doub ted  
ivhether bone m ight be expected to fu se  in a paralysed leg.

“B u t nor should these cases be considered more than encour- 
aging; only fu r th er  experience can show how one should p lan  
the operative technique a nd  how applicable this method is to 
other joints.”

Jo in t Transplantation

There was a flurry of interest in joint transplantation at the 
beginning of the 20th century in Europe. Joint surfaces from cadav
ers were used, cartilage from old dislocations was removed and 
reapplied to the reconstructed joint, and toe joints were put some
where more important.

JOINT TRANSPLANTATION AND 
ARTHROPLASTY
ERICH LEXER, 1907

“The first case o f  h a lf jo in t transplantation operated upon  
by me in 1907 was a cystic sarcoma in the upper third o f  the 
tibia. The transplant, which was taken fro m  a freshly am putated  
leg, took exceptionally well w ith very good m otion an d  capacity 
fo r  weight bearing. In spite o f  the fa c t that the jo in t  surfaces did  
not articulate exactly, since the transplant had to be taken fro m

♦  Erich Lexer (1867-1937)

Leaving painting for the study of 
medicine, he became professor of 
surgery at several German universi
ties. He was a researcher and espe
c ia lly  interested in transplantation of 
all kinds of tissues. He wrote several 
textbooks, including a textbook of 
general surgery, w h ich  was trans
lated into English and published in 
New York.
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Title page from  book  o f B onnet, 
1841.

ESSA 1S

LA METIIODE S0US-CUTA1NEE,

SUH LES I’LAIES SOUS-CUTANl!ES EN GEMflUI.

SUIt LES PI. AIKS SOUS-CUTAN|5eS DES ARTICULATIONS;

P A R I S ,

AU BUREAU |)E LA GAZETTE MEPICAI.K, 

18/iJ.

Title page from Guerin’s book on 
tenotomy, 1841.

a leg which did  not correspond as to right a nd  left, only a t the 
beginning was there noticed, on bearing weight, a slight loose
ness. In spite o f  the best clinical results an am putation had to 
be perform ed 1 year a nd  5 m onths later because o f  religious 
convictions o f  the p a tien t’s. The specimen showed complete union  
with the diaphysis. There were no adhesions in the joint. The 
crucial ligaments were united  w ith the tibia. The jo in t  cartilage 
was everywhere well maintained.

“In  m y first case o f  knee jo in t  transplantation which was 
operated upon in 1907, there is still after 1 6 years, painless and  
good weight-bearing a nd  jo in t  m otion sufficient fo r  going up and  
down stairs. The p a tien t was caught in the Russian drive on East 
Prussia a nd  h ad  to march days a t a  time.

“A total o f  300 cases o f  large jo in t  have been operated upon  
o f  which 242 are very good or good, 34 are failures, and  24 are 
questionable.”

Most of Lexer’s writings, including a book on transplantion, 
are in German.

O perations on  Tendons

If it were not for tenotomy, we would still be nomads and 
hunters. Why? Because the first step in domesticating wild animals 
was to cut their tendo Achillis so that they could not run away. 
Later, the tendons of enemy soldiers were cut to make them 
useless. The heelcord was cut so that they could not walk for a 
while, and the flexor of the thumb was cut so that they could not 
raise a sword. There are many stories of tenotomy in mythology.

The ancients are said to have repaired tendons and nerves, 
but as they did not distinguish between these structures until the 
Renaissance, information is a little uncertain.

Tenotomy was the operation that put orthopaedics on the 
map. Why? It could be done without anesthesia and asepsis. The 
risk of infection was small, and the gain could be large.

In the 17th century, tenotomy began to be practiced in Hol
land. Isaac Minnius performed a tenotomy for torticollis in 1685. A 
hundred years later Lorenz of Frankfurt treated a clubfoot by divi
sion of the tendo Achillis. Delpech of Montpellier repeated this on 
several occasions between 1816 and 1823 but gave it up because 
of complications, leaving it to Guerin and then Stromeyer to popu
larize it from 1831 onward. It was brought to England, as will be 
described, by Little, and was soon to be used for a range of fixed 
deformities—even for squint.

Myotomy came into vogue soon afterward but floundered after 
a period of trial on the posterior vertebral muscles in the treatment 
of scoliosis.

Tendon transfers filled the needs of the thousands of patients 
with infantile paralysis, but not until after the invention of aseptic 
surgery toward the end of the 19th century. Then the procedure 
took off and its success contributed to the movement to separate
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musculoskeletal surgery from generaly surgery. Many new opera
tions were invented, which are now forgotton, along with polio.

Tenotom y  

CLUBFOOT AND ITS TREATMENT BY 
TENOTOMY 

WILLIAM JOHN LITTLE, 1839

“In m ost cases o f  talipes equinus, a nd  in m any o f  T. varus, 
which require an  operation, the tendo Achillis only is required to 
be divided. In other cases o f  Talipes equinus I  have sometimes 
fo u n d  it necessary likewise to divide the tendons o f  the tibialis 
posticus a n d  flexor longus pollicis muscles. In severe long-stand
ing cases o f  Talipes varus the section o f  the tendons o f  the 
anterior tibial, posterior tibial, extensor proprius a n d  flexor lon
gus pollicis muscles is requisite, in addition to division o f  the 
tendo Achillis, in order to facilitate the restoration o f  the fo o t to 
its natural shape an d  position. The case o f  congenital Talipes 
valgus already m entioned will indicate the parts which it m ay  
be fo u n d  necessary to divide in that fo rm  o f  disease.

“As I  regard Stromeyer to be the originator o f  this im portant 
addition to our means o f  curing club-foot, w ith other contrac
tions o f  the ankle, a n d  sim ilar deformities o f  various parts o f  the 
body, a nd  having experienced in m y own person the success o f  
his m ethod o f  treatment, corroborated by the num erous cases 
which I  have cured by the sam e means, I  shall here only briefly 
enum erate the principles recommended by Stromeyer to be fo l
lowed.

“The tendons o f  the muscles which m ain ta in  the deformity 
should be divided w ith as little injury as possible to the skin  and  
neighbouring parts.

“No a ttem pt should be m ade to force the fo o t into its natural 
shape im m ediately after the operation; bu t the necessary exten
sion fo r  that purpose should be com menced as soon as the 
external punctures are completely healed; this occurs about the 
second or third day.

“The lymph which is effused between the ends o f  the divided  
tendon or tendons, w ith the muscles that are no t divided, and  
the ligaments an d  fasciae which m ay impede the replacement o f  
the foot, m ust be gradually extended until the fo o t assumes its 
natural shape, a n d  the ankle can be bent to its fu llest extent.

“The application o f  the apparatus by which extension is 
effected m ust be continued fo r  a certain period after the cure, 
no tw ith sta n d in g  th a t the p a tie n t has been enabled to sta n d  
firmly, a nd  has improved in walking, in order to obviate the 
tendency to contraction evinced by the interm ediate substance 
or lymph effused between the ends o f  the divided tendon.”

Little quotes the technique of tenotomy from Stromeyer:

“The operation m ust invariably be effected by puncture, w ith
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o u t external incision. A very sm all cutting instrum ent should be 
selected—a small, moderately curved, sharp-pointed bistoury is 
adapted fo r  m ost occasions. The lim b should be extended, in 
order to produce the necessary projection o f  the tendon, when 
the instrum ent should be passed behind it, the p o in t perforating  
the opposite skin; division o f  the tense resisting tendon being 
effected rather by pressure o f  the edge than by its slow and  
cautious onw ard movement. The skin, being elastic, yields to the 
pressure o f  the knife, the two punctures no t exceeding its width. I  
have frequently divided the tendo Achillis in this m anner w ithout 
producing a second puncture; bu t this is o f  little moment, as two 
m inute punctures heal as quickly as a single one. The division  
o f  the tendon is know n by an accompanying sound, which can 
scarcely be mistaken. The perform ance o f  the operation w ith the 
p o in t o f  the instrum ent is less to be relied on, partly fro m  its 
being too weak, a nd  also because the operator can be less certain 
o f  no t causing injury io other structures in the event o f  the 
p a tien t no t rem aining qu iet throughout the operation. . . . The 
attem pt to commence extension directly after the operation, and  
the endeavour im m ediately to restore the lim b to its natural 
position, which will very seldom succeed, and, as the case o f  
Sartorius proves, can only be effected by great force, is neither 
necessary nor advisable. The com m encem ent o f  extension before 
cicatrisation o f  the w ound in the integum ents is unadvisable 
even when possible, as it m ay produce inflam m ation a nd  suppu
ration not confined to the vicinity o f  the wound; it is unnecessary, 
inasm uch as the tension o f  the divided muscle is no t restored 
during the gradual m echanical extension applied subsequently 
to the healing o f  the wound, b u t occurs after the complete re
union  o f  the tendon a n d  after the necessary m otions o f  the limb 
during exercise have acted as a stim ulus to its contractility.”

♦  Sir Robert Jones (1857-1933)

Tendon Transfer

Many cases of polio provided a fertile field for the develop
ment of tendon transfers—it was one of the commonest operations.

SIR ROBERT JONES (1857-1933)

Robert Jones is a name that keeps recurring in British ortho
paedics because he built up a school of orthopaedics, because he 
built up a system of organization for the care of orthopaedic 
patients, and because he made many contributions over the whole 
field. Most of all he is remembered because he was liked, and 
popularity provides opportunities denied other men.

Robert’s father, destined by the family to be a prosperous 
architect, gave up everything to write, and in consequence was 
poor and found it difficult to support his children. When Robert 
was 16, he went from his home in London to live with his uncle 
Hugh Owen Thomas in Liverpool, who sent him to medical school. 
He had been at Thomas’ house before with his brother on a famous
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Tendon transplantation, 1906. From Young JK: 
Orthopaedic Surgery. Philadelphia, 1906.

occasion when he and his brothers had decided to become sailors. 
Robert’s father had asked Thomas what he should do about this. 
Thomas, who had shares in some ships, put the boys on the ship 
with the most disagreeable captain. Robert’s brother took along a 
gun to shoot birds, but at an early stage in the voyage put a shot 
through the m ate’s hat. If the result of that did not put them off 
the sea, a storm shortly afterward did so. They did not complete 
the voyage but landed prematurely, and Robert was pleased to look 
forward to a medical career.

He qualified in 1878, and worked part-time with Thomas, in 
general practice, until the latter’s death in 1891. He was appointed 
General Surgeon to the Royal Southern Hospital, Liverpool, in 
1899, but restricted himself to orthopaedics from 1905. In the 
early nineties he organized and administered the Casualty Service 
during the building of the Manchester Ship Canal.

In 1900 Agnes Hunt opened the Basechurch Home. It was a 
farmhouse and stables in which she looked after a few crippled 
children. W hen they needed surgery, she sent them to Liverpool. 
In 1903 her own stiff hip began to give her trouble, and she 
consulted Robert Jones. Soon afterward she interested him in these 
children, and from this small, informal beginning there grew the 
Robert Jones and Agnes Hunt Orthopaedic Hospital at Oswestry, 
serving most of the center of England and Wales.



338 Chapter 15 ♦ Orthopaedic Treatment

When World War I broke out, Jones was aged 57—a man 
whose reputation was international. At first he cared for 500 ortho
paedic casualties at Alder Hey, Liverpool, and published an excel
lent book on injuries to joints in 1916. He quickly ascended the 
military hierarchy and became Director General of Military Ortho
paedics. He organized a scheme for disabled servicemen at Shep
herd’s Bush, London.

Soon after the war ended, he put the camaraderie which had 
been engendered to good use, forming the British Orthopaedic 
Association, and set out on the third stage of his career. He had 
shown the path for the overall care of crippled children at Base- 
church, and for disabled servicemen at Shepherd’s Bush; he now 
set himself the task of a national scheme for the detection, treat
ment, and training of cripples. He helped found the Central Council 
for the Care of Cripples and altered everyone’s approach to the 
problem.

“I f  I  were m ade dictator, I  w ould have an accident centre in 
each large city, where cases could be properly treated, a nd  fo r  as 
long as necessary. I  w ould have beds fo r  adults in each orthopae
dic hospital a nd  sm all county hospital to act as casualty clearing 
stations."

His literary output was considerable, averaging about four 
papers a year on every aspect of orthopaedics, and it is difficult to 
select one particular extract for inclusion.

Robert Jones made orthopaedics a specialty.
A typical half-day operating list shows how  things have 

changed since his day:

Royal Southern Hospital Liverpool
3rd September 1913 
Mr Robert Jones 2  p m

1 Adhesions L shoulder joint
2 Old Colles fracture. Manipulation
3 Genu varum. Moulding
4 Old fracture radius and ulnar. Manipulation
5 Genu varum. Osteoclasis
6 Talipes equinovarus. Tenotomy & Wrenching
7 Infantile paralysis. EHL to MI. Peroneus longus to scaphoid
8 Pes calcaneo-cavus
9 Loose body outer side left knee joint

1 0 Pes calcaneo-cavus
11 Metatarsalgia
12 Spastic paraplegia
13 Removal nodule scapula
14 Genu varum. Wedge from tibia
15 Excision TB knee
16 Cong dislocation hip
17 Cong dislocation hips
18 TB tarsus
19 Malunion Potts
2 0 Elbow fracture
21 Cleft palate
2 2 Nephropexy
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Robert Jones’ Rules f o r  Tendon Transfer
His rules appear in several forms and demonstrate the rapid 

changes in attitude that occurred in the first few years of the 20th 
century. The rules he enunciated in 1908 are given first, and then 
a later edition of them prepared for his textbook of orthopaedics 
by McMurray in 1921.

1908 Version

In tendon transplantation one m ust insist on:

1. The over-correction o f  deformity as a prelim inary m ea
sure.

2. The removal o f  skin  flaps to secure uninterrupted conti
nuity o f  the over-correction. Ellipses o f  skin  were removed  
fro m  the paralysed side o f  a jo in t  a nd  the incision closed 
to hold the over-corrected position.

3■ The direct a n d  no t angidar deflection o f  the tendon.
4. The free tunnelling in the one p lane through soft tissues.
5. The firm  suturing into periosteum  or bony groove.
6. The careful choice, tension, a nd  nursing o f the trans

planted  tendon.
7. The m aintenance o f  the hypercorrected position until vol

un tary pow er is assured to the tendon.
8 . The deflection o f  body weight during walking fro m  the 

reinforcing tendon.

In  addition to these, it m ay sometimes be well to shorten the 
paralysed tendons a nd  prevent the overaction o f  their opponents 
by tenotomy.

All m y hospital transplantations are treated as out-patients, 
and  return to their homes on the day o f  operation, a nd  no 
difficulties o f  any k in d  arise therefrom.

1921 Version

Certain rules fo r  tendon transplantation:

First: The jo in ts  upon ivhich the transplanted tendons are
called upon to act m ust be rendered as mobile as 
possible.

Second: The muscle a nd  tendon fo r  transplantation m ust be 
o f  sufficient strength to accomplish the action fo r  
which it is to be employed.

Third: The transplanted muscle a nd  tendon m ust pursue
a straight course between its origin a nd  its inser
tion, a nd  should no t work obliquely or round an  
angle.

Fourth: The transplanted muscle m ust be attached under 
slight tension.

TIMELINE OF TENDON TRANSFERS
1770 Missa transferred the extensor tendon of the index finger to 

the middle finger after injury
Box continued on following page
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♦  Carl Nicholadoni (1847-1902)

Professor of Surgery at Innsbruck.

♦ Hieronymus Bosch

1873 Polaillon: after rupture of the extensors of the index, middle, 
and ring fingers, he attached the distal end to the extensors 
of the thumb and little fingers.

1874 Tillaux did something similar.
1875 Duplay and Tillaux: extensor carpi radialis to extensor pol

licis longus
1881 Nicholadoni: transferred peroneal tendons into the tendo 

Achillis for paralytic equinus. The long-term result was poor.
1892 Milliken and Parrish of New York suture the extensor dig- 

itorum longus to the tibialis anterior without dividing it. The 
results were mediocre.

1892 Drobnik in Poland did some foot transfers and a transfer for 
radial nerve palsy. His results were better.

1894 Goldthwait: like the others he believes he is doing something 
new  w hen he repeats Nicholadoni’s operation. Francke and 
2 years later Eulenberg use tendon transfers in cerebral palsy.

1902 Waterman reviews the history of transfers.

l_imb Length Sgualization

Polio resulted in many children with a short leg, and equalizing 
length by something better than a shoe lift was a challenge. In the 
1920s, attempts were made to stimulate growth by increasing the 
blood supply to the growth plate by playing tricks on it, but the 
results were disappointing.

The idea of arresting growth had occurred to Oilier, but it was 
Phemister who first carried it out in Chicago in 1933.

Blount popularized equalization by staple epiphyseodesis in 
1949. The timing of this operation was crucial, and, beginning in 
1947, Green and Anderson produced graphs of the growth of the 
lower limbs to improve the accuracy of discrepancy prediction. 
Today these graphs could not be produced. No ethics review board

E

A

Experimental growth arrest of the ulna after excision of the 
distal growth plate. The radius becomes bowed. Oilier, 1885.
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Experimental growth arrest of the distal radius and ulna by Oilier. He consid
ered putting this to  clinical use. From Treatise on Resections and Conservative 
Operations on the Osseous System, 1885.

would allow yearly radiographs of 100 normal children for this 
purpose.

Their graphs are still used. “We do not attem pt to reduce 
predictions o f  the result to a precise, m athem atical form ula. With 
the knowledge o f  the range o f  the possible effect a nd  o f  the factors 
affecting the range, however, the tim ing o f  an arrest becomes a 
practical clinical decision fo r  the individual child.”

The only way to make up big differences without loss of 
stature is by limb lengthening—by cutting the bone and distraction 
during healing.

Femoral lengthening. Putti, 1920. From Jeanbrau E, et al: Chirurgie Repa- 
trice et Orthopaedique.
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♦ William T. Green (b 1901)

He trained in general and orthopae
dic surgery in Detroit and was chief 
at the Children's Hospital in Boston 
from 1946. He was President of the 
American Academy of Orthopaedic 
Surgeons in 1957. He had an enor
mous influence on the training of 
orthopaedic surgeons in ch ildren 's 
surgery. He was tough on trainees 
and was famous for going round the 
ward in the middle of the night and 
putting a cross on casts that had to 
be changed before morning. It was 
rumored that there were more cast 
rooms than operating rooms. The 
prediction of lower extremity growth 
was his main claim to fame. He was 
active in cerebral palsy care and the 
transfer of the flexor carpi ulnaris 
to the back of the wrist is known 
after him.

♦ Heinz Wagner (contemporary)

Professor at Altdorf. A great techni
cal surgeon who invented osteotom
ies for the sequelae of deve lop
mental dislocation of the hip and 
stimulated interest in leg lengthen
ing. His fixator was excellent, but 
the idea of delaying lengthening un
til callus formed had not dawned, so 
grafting and plating were usually re
quired.

TIMELINE FOR LIMB EQUALIZATION
1840s Bernhard Heine proposes bone shortening to equalize 

length.
1847 Francesco Rizzoli in Bologna shortens a femur to equalize 

length. Others consider this unwise.
1877 Oilier proposes epiphyseodesis.
1905 Codvilla of Bologna lengthens by oblique osteotomy, and an 

acute lengthening using a calcaneal pin and cast.
1908 Paul Magnusson shows that the soft tissues accommodate 

to lengthening in dogs. He lengthened a patient by up to 4 
inches acutely, and one died of shock.

1911 Lambret of Lille, France: two transfixion pin leg distraction
1914 Arbuthnot Lane notes that staples across the growth plate 

halt growth.
1916 R. Tunstall Taylor: shortening osteotomy using a double

step cut
1921 Vittorio Putti in Bologna uses a monolateral fixator and gains 

3 to 4 inches in the femur.
1927 Leroy Abbott frame for lengthening the tibia. He performed 

a tendo Achillis lengthening and divided the fibula and the 
periosteum.

1929 Bohlman uses foreign material implanted near the growth 
plate to stimulate growth.

1929 Jones and Lovett: Z osteotomy with distractor
1930 Harris uses sympathectomy to stimulate growth.
1932 Other frames published using K wires
1933 Phemister stops epiphyseal growth by operating on the 

growth plate.
1936 Compere writes about complications.
1939 Abbott and Saunders add massive releases.
1947 Green and Anderson: growth charts to predict the timing 

of epiphyseodesis
1948 Allan’s apparatus using K wires on a frame. He did an 

oblique osteomy and fixed this with screws w hen he had 
gained length.

1949 Blount and Clarke: staple epiphyseodesis
1950 Janes at the Mayo clinic begins a long flirtation with produc

ing arteriovenous fistulas to promote growth.
1951 Ilizarov: Circular frame for distraction osteogenesis. The 

principle of delay to allow callus formation before distrac
tion and slow lengthening several times a day avoids the 
problem of nonunion. The method does not become known 
in the West for 30 years.

1952 Anderson apparatus: His frame was the standard for many 
years. He fixed the fibula to the distal tibia and carried 
out a drill osteotomy with preservation of the periosteum. 
Patients were bedfast.

1958 Soffield, Blair, and Millar have many complications.
1963 Wagner distractor: this was the first that allowed the patient 

to get out of bed. Most patients need plating and bone graft
ing.
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♦ DeBastiani

Until recently he was professor in Ve
rona, where he developed callotasis 
and a very adaptable lengthener.

1965 Kuntschner: closed shortening over intramedullary nail. 
1986 DeBastiani develops the O rthofix and prom otes grow th 

plate distraction as well as callotasis (callus distraction).

Gavriil A. Ilizarov

“The Principle o f  Tension-Stress tha t governs the response o f  
tissues to elongation: living tissue, when subjected to slow steady 
traction, becomes metabolically activated in both the biosynthetic 
and  proliferative pathways, a phenom enon dependent on vascu
larity a nd  functiona l use.”

ReKabilitation

The word means making patients self-sufficient after injury or 
disease. The word shares its origin with the gown worn by a 
monk—the monk’s “habit.” So rehabilitation means putting on the 
clothes of rank again and getting back to work. It is not an old idea.

In the past, the prospect of rehabilitating the battle-injured 
was so bleak that many were put out of their misery by a killing 
blow—the coup de grace. Then came an era of convalescent 
homes in which people rested while recovering from postoperative 
anemia and malnutrition. Told to “take it easy,” many remained 
disabled permanently. Rehabilitation is demedicalizing patients so 
that they build up their muscles and build up their spirits.

An orthopaedic enthusiast was Sir Reginald Watson Jones, 
famous for the telling phrase:

The average m an who lies in bed fo r  weeks a nd  months, 
asking fo r  this, ordering that, com m anding the other, becomes 
the king o f  a little universe which revolves around him. The germ  
o f  chronic invalidism  is easily implanted.

Getting j i t  is a whole tim e job.
Real rehabilitation is getting into the m in d  o f  a man, find ing  

out w hat his anxiety is, a nd  his worry a n d  fear, and  removing 
them.

♦  Gavriil Ilizarov

Born in the Caucasian  M ountains 
and did not attend school until he 
was 12. During World War II he was 
evacuated to Dolgovka, near Kur
gan, and ran a hospital single- 
handed . In ju red Russian so ld iers 
came through the village, and this 
is when he started developing his 
apparatus. He patented it in 1952 
and moved to Kurgan, which was 
rebuilt in 1984.
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Watson Jones ran a rehabilitation service for the Royal Air 
Force based on cheerfulness and physical activity. Later, he worked 
hard to establish services for civilians; these began only when 
employers became responsible for the social consequences of the 
industrial diseases and injuries of their workers.

Com pensation

Compensation for injury goes back to the beginning of time. 
But fortunately it has evolved beyond eye for an eye.

The Romans had a schedule to be paid for loss of a body part. 
King Canute paid in schillings: 100 for total paralysis due to a neck 
fracture, the same as for death. A thumb was 30, and fingers 
ranged between 18 and 9. In the Muslim world today the rates of 
compensation are laid down.

In the past, railway injuries attracted all the compensation 
interest that injuries due to car accidents do today.

Chapter references are located in Chapter 26.



♦ 
♦ 

♦

P A R T  T W O

T K e  S to »*y  
T e a  otu  i‘c s





♦  C h a p t e r  S i x t e e n

He who wishes to be a surgeon should go to war. Hippocrates

Fractures were the last part of our specialty to be wrenched 
from the general surgeons, and with good reason. Fractures 

were common and paid the bills. The transformation could be seen 
in the content of our journals—in 1940, 15% of papers were about 
trauma but by 1959 this had risen to 50%.

C auses of cTnjuî y

Injuries are traditionally called accidents—as if they are unpre
dictable. But, of course, that is untrue. When an old lady twists on 
her osteoporotic hip and breaks it, or w hen a soldier stands in front 
of an enemy automatic rifle and is killed, the event is predictable. A 
change in attitude has given us the means of preventing many 
injuries: safety guards on machines, seat belts, and bullet-proof 
vests.

One of the first books on accident 
prevention and first aid, 1633.

HELPS
F O R

S V D D  A I N
A C C I D E N T S

E ndangering  Life.
By which

Thofethatliuefarrefrom  
Phyllrions or Chirurgions 
may happily preferuethe Life 

o f a p o o r c  F r ie n d  o r  N e ig h 
b o u r ,  till l i i 'l i  a  M an m a y  bc 

liati co perfccl the Cure.

Qolkttedout o f  the be f t  <Autbom
for the gene*all Good,

B /  S t e p h e n  B r a d v v e i .  l .  

_________ Phyfition.
L  O N D O-N,

P rin ted  b y  T h  o  m a s  P v r  f o  o t .  

for T, S. and are to be fold by Henry
O verton  in  P o p c s -h c a d  A lley, i  6  ? j .

The w ound man. Von Gersdorff, 1530.
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In ju ry  Prevention  

EDITORIAL: THE DANGERS OF THE 'CYCLE'
1896

A whole column of advice is given about avoiding accidents 
when riding bicycles, including the following: “Pass horses a t a 
slow speed. Ladies should not a ttem pt to ride in a public thor
oughfare until they have absolute control over a n d  confidence in 
their machine. Persons who let o u t cycles fo r  hire should be 
under the control o f  the police. The hiring o u t o f  bicycles to 
children a nd  roughs bent on w hat they call a ‘spree’ should be 
checked by law.”

What caused the first fracture—did a dinosaur trip in the dark? 
Museums are full of fossils with united fractures. But many animals 
with fractures died because they were unable to flee predators. 
Humans produced fractures in quantity in wars. About 500 years 
ago gunshot wounds added to their complexity. After 500 years it 
is surprising that methods of gun control are still an issue. Guns 
and tobacco are of similar antiquity, and it is hard to know which 
have been the most harmful.

The Industrial Revolution brought a new wave of injuries. 
Suddenly, many children and unskilled people were in close prox
imity to machines in factories. They were undertrained and over
worked; the hours were long and many were injured. At this time,
F. Engels wrote, in The Condition o f  the Working Class in England , 
there were so many deformed and maimed that “it is like living in 
the m idst o f  an  A rm y ju s t  returned fro m  a C am paign”

In 1883 Lord Ashley in London introduced the 10-hour Bill to 
regulate child labor. Chadwick proposed that employers should 
pay the medical expenses of injured children as a deterrent.

With the Industrial Revolution came large industrial projects 
such as railways and canals. The organization of injury services for 
projects, such as the Manchester Ship Canal, provided the model 
for Army Orthopaedic Services in World War I. Later, children’s 
orthopaedic care was based on the Army model—a generic doctor, 
peripheral clinics, and centralized hospitalization.

The first automobile accident. This 
steam-driven colossus was hard to 
steer and knocks down a wall on its 
first trip. Cugnot, 1769.
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G O IN G  I T  B Y  S T E A M

Motor Vehicle Accidents

Today, transportation in jury—car and pedestrian injuries— 
provide the most serious trauma. Horses were probably more dan
gerous than automobiles.

Today’s love affair w ith cars is recent. Initially they were 
hated.

Ironically, Nicholas-Joseph Cugnot (1725-1804), a French 
Army captain, who invented the first automobile, was injured by 
it. He invented a huge, steam-driven tricycle in 1769-1770 to pull 
guns. It traveled for 20 minutes at 2.25 m ph before it had to rest. 
By 1830 steam-driven buses were traveling between cities at 25

Injury has always been a risk of mov
ing from one place to another. W hen 
steam coaches began to transport 
people, they blew up, providing 
them es for cartoonists. Robert Sey
mour, 1829.

Marcel Renault was killed in a car as 
he was about to  start the 1903 Paris 
to Madrid race. Seat belts did not 
come in until 60 years later.
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T H E  HACK OF DEATH !

Punch magazine responded to Renault’s death with this cartoon, 
1903.

mph. They were hated. They were noisy, destroyed the roads, 
and made horses bolt, causing injuries to riders and overturning 
carriages. In Britain, Parliament enacted legislation decreeing that 
a man had to walk in front of a steam-driven vehicle waving a red 
flag-the Red Flag Law, or Locomotives on Highways Act of 1865. 
It was not repealed until 1896. In Pennsylvania, the Farmer’s Anti- 
Automotive Society came up with rules that at night automobiles 
had to stop every mile and release a rocket, then wait for ten 
minutes before proceeding. If a horse was seen, the automobile 
had to stop and be covered with a camouflage blanket. In Europe 
and America automobile development continued, and the first cars 
were made in the 1890s. Ironically, the first cars in Europe were 
made at Cannstatt, near Stuttgart, where Jacob Heine had founded 
an orthopaedic institute in 1829.

Here is an account of an early accident:

T h e D r e a d fu l  A c c id e n t to  M r  H u s k is s o n

William Huskisson was leader of the House of Commons. On 
September 15, 1830, he went to open the Manchester and Liv
erpool Railway. It was a gala occasion. Several trains carried the 
most famous of the land. They had stopped midway on a double
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track to take on water, and the passengers were strolling and 
chatting.

“The Rocket engine, which had to pass the D uke’s car to take 
up its station a t the watering place, came slowly up, so silently 
tha t it was alm ost upon the group before they observed it. Mr 
Holmes, MP, who was standing by the side o f  M r Huskisson, 
desired the gentlem an no t to stir, bu t to cling to the side o f  their 
own car. Unfortunately M r Huskisson d id  no t follow  this advice. 
He attem pted to get into the car, was h it by the m otion o f  the 
door as he was m ounting  the step a n d  was thrown down directly 
in the pa th  o f  the Rocket. The wheel w ent over his left thigh, 
squeezing it alm ost to jelly, broke the leg in two places, laid the 
muscles bare fro m  the ankle, nearly to the hip, a n d  tore ou t a 
large piece o f  flesh, as it left him. Dr Brandreth applied a tourni
quet to stop the dreadful effusion o f  blood. In a fe w  m inutes Mr 
Huskisson fa in ted  away a nd  was removed into the car. The 
N orthum brian Engine proceeded a t a rapid rate to Manchester 
to procure medical advice. He was carried to Eccles a n d  removed  
to the house o f  the Rev M r Blackburn.

“No operation had  been performed, the medical gentlemen  
deeming it altogether useless to p u t  h im  to the p a in  o f  exam ining  
the limb. Mr Huskisson was quite sensible, a n d  so great was his 
agony, that he w ished fo r  a speedy release fro m  his sufferings. He 
m ade an addition to his will, received the sacram ent a n d  was 
resigned to his fate.”

The main party did not know what to do with their planned 
celebration—commercial instincts prevailed. Mr. Huskisson died 
soon.

S K o c k

Ideas about maintaining circulating blood volume are recent. 
Blood was thought to contain bad humors and so the less the 
better. Hence bleeding a patient was frequent. Marshall Hall (1790- 
1857) was the first to look at the consequences objectively and 
put an end to the practice.

Marshall Hall was a son of the Industrial Revolution—the 
period when science came to the traditional arts. Hall, like Hunter, 
looked upon disease as an experiment devised by nature from 
which he could understand the physiology of the body. This is 
what clinical research meant to him.

He was born near Nottingham, where his father ran the family 
mill. His father discovered the bleaching action of chlorine and 
used it to bleach cotton; previously this had been achieved by 
leaving the cotton out in the sun for weeks. His brother remained 
in the business and made other innovations. Hall graduated from 
Edinburgh in 1812. In 1814 he made a tour of European centers 
and walked the 600 miles from Paris to Gottingen with a loaded 
pistol at the ready to fend off highwaymen and bandits. ♦  Marshall Hall
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On his return he set up as a physician in Nottingham at the 
age of 27, shortly afterward publishing his first book, Diagnosis, 
which was written while he was a student. The president of the 
Royal College of Physicians wrote to compliment him on this. On 
Hall’s next visit to London he called upon the president. “I hope 
your father is well,” said the President. “I, for one, am much 
indebted to him for his extraordinary work on diagnosis.” Dr. Hall 
modestly told him that he, not his father, was the author of the 
work. “Impossible,” exclaimed the President, “it would have done 
credit to the greyest-headed philosopher in our profession.” Where
upon he invited Dr. Hall to breakfast with him.

Hall was very struck by the frequence of death in labor associ
ated with abdominal pain and bleeding. He described the features 
of shock that he observed in these patients and went on to question 
the value of therapeutic bleeding in a wide range of disorders. His 
paper produced a great change in the everyday practice of medi
cine; before it appeared, venesection had been the universal rem
edy for any serious disease or accident. Hall’s teaching that venesec
tion was dangerous has perhaps prevented the loss of as many lives 
as more positive measures, such as the introduction of antibiotics, 
have saved.

In 1825, he was elected to the staff of the General Hospital, 
Nottingham; however, in the following year he took a trip to 
London, leaving no word about his return. After a while the hospi
tal authorities asked his relations when they were expecting him 
back. His brother-in-law wrote to him. Hall told him to sell his 
house and all his belongings as he had decided to remain in 
London. He bought a house on a site now occupied by the Senate 
House of the University of London. He never had another hospital 
appointment. A steady stream of patients came to him as he ac
quired a name as a wise and kindly physician. “Our mission is to 
cure the curable,” he wrote, “and comfort the incurable.”

He married in 1829 and wrote a book on gynecology. The 
following year he wrote an early infant welfare book, Letters to a 
Mother o f  the Watchful Care o f  Her Infant.

At Nottingham he had observed disease and drawn far-reaching 
conclusions. In London, in a back room in Keppel Street, he began 
animal experimentation. He wrote about the circulation and was 
elected to the Royal Society in 1832. In the same year he read a 
paper before the Royal Society on spinal reflexes. The observation 
that a decapitated animal could still respond to stimuli led him to 
realize for the first time that the spinal cord, which had hitherto 
been looked upon as a cable joining the periphery with the brain, 
was itself capable of integrating sensory input and motor output. 
A second paper on the same subject the Royal Society refused to 
accept. He published it abroad and had nothing to do with the 
Royal Society again.

Marshall Hall was an intellectual leviathan—he wrote about a 
decimal pharmacopoeia, the emancipation of slaves, and sewage 
plans for London; he wrote against flogging; and he introduced 
artificial respiration. He was a regular traveler and went to the 
Continent every year, frequently lecturing. In Italy he was often



Chapter 16 ♦ Injury 353

given the best rooms as his Christian name, Marshall, was thought 
to signify military rank. On the way to America, when everyone 
was seasick, he wrote a physiologic paper on seasickness.

Paget found him “rather a sharp fellow,” which perhaps ex
plains why he followed such a solitary path and, like Hugh Owen 
Thomas, had no hospital appointment.

ON SOME EFFECTS OF LOSS OF BLOOD 
MARSHALL HALL, 1825

“The m ost fa m ilia r  o f  the effects o f  loss o f  blood is Syncope. 
The influence o f  posture, a n d  the first sensations a nd  appear
ances o f  the patient, in this state, appear to denote that the brain 
is the organ the fu n ctio n  o f  which is first impaired; the respira
tion suffers as an  im m ediate consequence; a nd  the action o f  the 
h eart becom es enfeebled as an  effect o f  the defect o f  s tim 
ulus—first fro m  a deficient quantity o f  blood, and  secondly fro m  
its deficient arterialisation; the capillary circulation also suffers; 
and  i f  the state o f  syncope be long continued the stomach and  
the bowels become variously affected.

“In ordinary syncope fro m  loss o f  blood, the p a tien t first 
experiences a degree o f  vertigo, to which loss o f  consciousness 
succeeds; the respiration is affected in proportion to the degree o f  
insensibility being suspended un til the p a in fu l sensation pro
duced rouses the pa tien t to draw deep a n d  repeated sighs, a nd  
again suspended as before; the beat o f  the heart a n d  o f  the pulse 
is slow a nd  weak; the face a nd  general surface become pale, cool, 
and  bedewed w ith perspiration; the stomach is apt to be affected 
with eructation or sickness. On recovery there is perhaps a m o
m entary delirium, yaw ning, a nd  a return o f  consciousness; irreg
ular sighing breathing; a n d  a gradual return o f  the pulse.

“In cases o f  profuse haemorrhage the state o f  the pa tien t 
varies: there is a t one m om ent a greater or lesser degree o f  
syncope, then a degree o f  recovery. D uring the syncope the counte
nance is extremely pallid— there is more or less insensibility— the 
respiratory m ovem ents o f  the thorax are a t one period  impercep
tible a nd  then there are irregular sighs—the pulse is slow, feeble, 
or not to be distinguished—the extremities are ap t to be cold, 
and  the stomach is frequently affected with sickness.

“In cases o f  fa ta l haemorrhage the sym ptom s gradually and  
progressively assume a more a nd  more frigh tfu l aspect. The coun
tenance does n o t improve bu t becomes more a nd  more pale and  
shrunken; the consciousness sometimes rem ains until a t the last 
there is some delirium; b u t everything denotes an  impaired state 
o f  the brain; the breathing becomes stertorous a nd  a t length 
affected by a terrible gasping; there m ay be no attem pt to vomit; 
the pulse is extremely feeble or even imperceptible; the an im al 
heat fa ils and  the extremities become colder a nd  colder in spite 
o f  every k in d  o f  external warmth; the voice m ay be strong, 
an d  there are constant restlessness a nd  jactitation; a t length the 
strength fails, a nd  the p a tien t sinks, gasps an d  expires.”

In 1830 in another article on this subject, Hall wrote:
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Blood transfusion, 1667. Dog to hu
man transfusion was wisely banned 
after the doctor was sued.

“When Syncope assumes a dangerous form , the principal 
remedies are, an  attention to the posture o f  the patient, stim u
lants, a nd  chiefly brandy, a nd  the transfusion o f  blood.”

In old military textbooks, soldiers fainted and died from hem
orrhage. The notion of hypotension had to wait until the sphygmo
manometer was invented in the 1890s. John D. Malcolm in the 
United Kingdom noted the peripheral vasoconstriction in 1893.

There had been attempts at blood transfusion since the time 
the circulation of the blood was discovered. Dog-to-dog transfu
sions were tried, and then dog-to-human transfusions, with results 
so deadly that the doctor, J. B. Denis, was sued in 1667, and 
transfusion was banned for 150 years. In 1817 James Blundell 
showed that dogs nearly bled to death could be rescucitated by 
transfusion, and interest was reawakened. Saline was used in the 
1880s. But it was not until Landsteiner discovered blood groups in 
1900, Hektoen in Chicago advocated cross-matching, and Richard 
Lewisohn at Mount Sinai in New York used citrate to prevent 
clotting in 1915 that transfusion could make a shaky start in World 
War I. Marriott invented the slow drip in 1935. Fantus at Cook 
County Hospital in Chicago started the first blood bank in 1937. 
Red rubber tubing produced reactions, and I can remember this 
being replaced by plastic in the 1960s. Now, of course, the empha
sis is on self-donated blood, but we still depend on the blood bank 
for trauma patients.

Fi*actMi*e flealing

How does a bone heal? The debate is not over yet. But today 
it does not excite much interest because we have such a decadent 
variety of plates and nails to apply. But a hundred years ago the
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subject was the num ber one research topic. Does bone heal with 
cells from the periosteum? From osteoblasts in the bone? Or from 
marrow cells?

The story is an example of experiments adding to confusion 
rather than providing a scientific answer. One group removed the 
periosteum and found that bone fragments united—they concluded 
that periosteum was unimportant. Another group removed the 
bone and found that bone reformed from the periosteum; they 
concluded that periosteum was essential. Arthur Keith in Menders 
o f  the M aim ed  covers the history in depth.

TIMELINE OF FRACTURE HEALING
1684 Antoine de Heyde in Holland studied fracture healing 

in frogs and concluded that callus was produced by 
calcification of the blood extravasated from the broken 
bone ends.

1736 John Belchier, a surgeon at Guy’s Hospital, was given 
pork by a printer who had fed the pig on madder- 
soaked bran. The bone was stained red. He did some 
experiments but seems to have lost interest quickly.

1739-1743 Henri Louis Duhamel used madder to stain bones. He 
was not a physician but a moneyed French squire who 
liked to do experiments. He found when bone was 
broken that the periosteum thickened and produced 
new bone that was red. The old bone was white. He 
concluded that periosteum is the mother of bone.

1742 Marie Jean-Pierre Flourens repeats the experiments and 
reaches the same conclusions.

17?? Haller looks at the epiphyseal ends, sees bone forming 
around the arteries, and believes that the periosteum 
plays no direct role.

1840 Syme removed a piece of the shaft of the radius of a 
young dog and found that it reformed in 6 weeks if 
the periosteum was intact, but if the periosteum was 
removed the gap remained. He then lifted the perios
teum in another experiment and inserted tinfoil be
tween the periosteum and the bone. After 6 weeks the 
surface of the tin was covered w ith new  bone. When 
he repeated this—removing the periosteum —there was 
no new  bone.

1868 Louis Oilier, one of the first surgeon-scientists, carried 
out many experiments and w rote a book on the regener
ation of bone. When he placed periosteum under the 
skin of rabbits, bone was formed, whereas bone frag
ments died and were absorbed.

1878 M acewen repeated  the experim ents and found that 
bone was not formed by the periosteum —perhaps his 
flaps were so thin that the periosteum was devascular
ized. He inserted bone grafts and found that they were 
not absorbed but formed bone. He concluded that the 
periosteum was a limiting membrane, preventing bone 
from entering the muscles. Bone could join directly. 
Macewen was impressed by a boy w ho lost his humerus

♦ John Belchier

Box continued on following page
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to osteomyelitis and showed no recovery' because the 
periosteum  had been killed. M acewen’s bone grafts 
formed a new  humerus. Macewen did many experi
ments, including putting a glass tube in place of a 
segment of shaft he excised. This excluded the perios
teum. The core filled w ith bone. Today w e would regard 
this as showing that marrow can form bone. For Ma
cewen it confirmed his view that bone forms bone. And 
periosteum is unimportant.

The conflict about the source of healing bone has 
been solved by the recent concept of primary and sec
ondary bone healing. Primary healing occurs w hen 
there is rigid apposition—the periosteum plays little 
role. The periosteum produces callus when bone is 
moving during healing—secondary healing. Soon we 
will know which gene is switched on and identify the 
chemical messenger.

One of the first clear accounts of the process of healing was 
written by Dupuytren.

ON THE FORMATION OF CALLUS; AND 
ON THE MEANS OF REMEDYING ITS 

FAULTY OR MISSHAPEN DEPOSIT
BARON DUPUYTREN, 1847

♦ Baron Guillaume Dupuytren
(1777-1835)

“There is probably no subject in pathological anatom y which 
has more largely exercised the sagacity o f  practical m en and  the 
im agination o f  theorists, w ithout their having recourse to the 
a id  o f  actual observation or experiment, than the question re
specting the fo rm ation  o f  callus.

“Convinced by m y experiments tha t Nature never accom
plishes the im m ediate union o f  a fracture, save by the form ation  
o f  two successive deposits o f  callus, I  have been induced to nam e  
one provisional a nd  the other perm anent. The fo rm er o f  these, 
which is usually perfected in abou t thirty to fo rty  days, a nd  which 
comprises the ossification due to the vessels o f  the periosteum, the 
filam entous tissue, sometimes even o f  the muscles, and  o f  the 
medullary tissue, has no t always strength enough (especially in 
oblique fractures) when the splints a nd  other supports are re
moved, to resist the pow er o f  the muscles, or such passive force 
as m ay be applied, even to a moderate extent, to the seat o f  
injury; a n d  the brittleness o f  this provisional callus is such that 
the bone more readily yields a t the p o in t where it is deposited 
than a t any other part. The second (perm anent) callus, fo rm ed  
by the reunion o f  the surfaces o f  the fracture, possesses a solidity 
superior even to tha t o f  the bone itself, so that the latter would  
sooner break a t any other p o in t than where the fo rm er is depos
ited. The production a nd  organisation o f  the perm anen t callus is 
never completed under eight, ten, or twelve months, a period  
which is fu r th er  m arked by the disappearance o f  the provisional 
callus, a nd  the renewed continuity o f  the medullary canal.
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“The follow ing are the principal phenom ena which m ay be 
observed during the tim e tha t elapses between the occurrence o f  
the fracture a nd  the complete a n d  exact reunion o f  the broken 
bone; their succession is so constant a nd  unvarying, that they 
m ay be referred to five  different periods.

“The firs t extends over the eight or ten days which im m edi
ately succeed the accident, a nd  presents the follow ing characters: 
at the m om ent tha t the fracture occurs, the periosteum  an d  
medullary membrane, the filam entous tissue, a n d  sometimes 
even the muscles, are torn; blood escapes fro m  the ruptured  
vessels, and  surrounds the fragments, is poured into the m edul
lary canal, a n d  distends the neighbouring filam entous tissue. 
After a tim e the vessels retract, a n d  their m ouths are closed, the 
blood ceases to escape, a nd  a m ild  inflam m ation is set up in all 
these parts. The filam entous tissue, reddened by a m ultitude o f  
small vessels, becomes distended, condensed, a nd  thickened, los
ing its elasticity, a nd  acquiring a remarkable consistence; irregu
lar prolongations are sent fro m  it into the interstices o f  the 
muscles, by which their organisation is altered, a nd  they are 
m ade to participate altogether or in p a rt in the changes which 
are going on; their texture is transformed into one closely allied 
to the condensed filam ents, a n d  they are united a nd  confounded  
w ith the periosteum, which, in turn, is also thickened by a net
work o f  delicate red vessels distributed over its surface. The 
medulla being broken through a nd  mingled with blood, a t first  
swells o u t a nd  hardens, an d  subsequently becomes o f  a greyish 
white colour. The m edullary canal is contracted in its diam eter 
by the encroachm ent o f  the thickened lining membrane, which 
assum es a reddish, fleshy or p u lp y  appearance, resulting fro m  
a sort o f  gela tinous infiltration. The coagulum  w hich results 
fr o m  the p r im a ry  extravasation is absorbed a n d  disappears. 
The fra g m en ts  o f  the bone are, in short, su rrounded  by the 
gorged so ft parts, w hich are converted in to  a hom ogeneous 
tissue o f  a lardaceous consistence a n d  red colour, b u t varying  
in  intensity.

“The second period  then commences, a nd  comprises the in
terval between the tenth or twelfth day a nd  the twentieth or 
twenty-fifth. The gorged condition o f  the surrounding soft parts 
diminishes, the m uscular tissue resumes its distinctive character
istics, bu t the filam entous tissue continues condensed. The tum e

faction is more concentrated im m ediately about the fracture, and  
gradually assumes a more circumscribed character, until it fo rm s  
a distinct tum our isolated fro m  all surrounding structures, not 
even excepting the tendons, which p lay in grooves channeled fo r  
them along its surface, or in perfect canals traversing its struc
ture; such is the callus. This tum our is thicker on a level w ith  the 
fracture than a t any other point, a n d  insensibly dim inishes in 
density on either o f  the fragments. Its tissue is homogeneous, its 
colour white or whitish, its consistence firm , a nd  its resistance 
analogous to that o f  the fibrocartilages, giving o u t a sim ilar 
sound when cu t w ith a sharp knife; the cylinder which it fo rm s  
passes rapidly into a cartilaginous state, a nd  still more quickly
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Remodeling of a rachitic bone be
tween infancy and adolescence. This 
parallels the remodeling after frac
ture. Oilier, 1885.

into bone, becoming identified w ith the seat o f  fracture with the 
whitish, rosy, red or violet-coloured, viscid, or gelatinous sub
stance as the case m ay be, which is interposed between the 
fragments; on the other hand, it is lost in the callus externally. 
Whilst in this condition it is still possible fo r  the callus to yield  
opposite the fracture, b u t crepitus is rarely reproduced.

“The third period  extends fro m  the twentieth or twenty-fifth 
day to the thirtieth, fortieth, or sixtieth, according to the rapidity 
o f  the work o f  reproduction, a nd  the age, constitution, a nd  health 
o f  the patient. The conversion into cartilage commences a t the 
centre o f  the tumour, a nd  proceeds towards its circumference, 
and  ossification speedily succeeds; thus little by little, the whole 
mass o f  callus becomes converted into bone. The periosteum, 
which is abnorm ally thick, then ceases to present any trace o f  
the solution o f  continuity to which it had  been subjected; and  
the muscles a nd  tendons become free, though their natural mobil
ity is no t quite restored, on account o f  the induration o f  the 
filam entous tissue. If, a t this epoch, a section o f  the callus is 
made, the fractured ends o f  the bone are still fo u n d  moveable on 
each other, the condition o f  the interm ediate substance no t being 
as ye t sensibly changed; a n d  the tissue o f  the callus presents all 
the characteristics o f  the spongy texture o f  bone.

“The fo u rth  period  includes the interval between the fiftieth  
or sixtieth day a nd  the fifth  or sixth month. The substance o f  
the provisional callus becomes condensed, a nd  passes fro m  the 
condition o f  a spongy to that o f  a compact tissue, a nd  the 
medullary canal is obliterated by osseous m atter o f  greater or 
less density. The substance intervening between the fragm ents is 
reduced to a mere line o f  a different colour fro m  the bone 
itself, it gradually assumes more consistence, loses its colour, and  
ultimately, towards the end o f  this period, becomes ossified; the 
definitive, or perm anent, callus is then formed.

“The fifth  a nd  last period embraces all the tim e which elapses 
between the fo u rth  or sixth, a nd  the eighth, tenth, or twelfth 
months. The temporary callus gradually diminishes in thickness, 
a n d  a t last disappears; the periosteum  recovers its natural texture 
a n d  density, an d  the muscles a nd  tendons are restored to perfect 
liberty; the internal deposit o f  bone disappears, a nd  the canal is 
insensibly re-established; the m edullary mem brane is repaired, 
a nd  the medulla is reproduced. The process o f  consolidation is 
then completed.”

S pecia l Kinds of FractMPc

Children’s Fractures

The growth plate has excited much interest since the middle 
of the 1700s when the structure and function of it were worked 
out.

P. A. Salmon wrote a thesis in Paris in 1845 on 68 experimental 
separations of the distal humeral epiphysis achieved by hyperex
tending the elbow. Growth disturbances were described by several
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investigators. Despite early reports, there rem ained m uch 
controversy—many believed that growth plate injuries did not exist 
or were very rare, until X-ray made everything clear.

Jean Foucher of Paris seems to have been the first to propose 
a classification of the injuries in 1863 and did excellent experimen
tal work. He named 3 types: epiphyseal separation, separation with 
a bony fragment, and a distal metaphyseal fracture.

John Poland proposed a simple classification in 1898; in a 
book entitled Traumatic Separation o f  the Epiphyses. He under
stood growth plate injury, growth arrest, and the importance of 
the perichondrial ring, so that he could write a book of 926 
pages—largely by reviewing the writings of others. He describes 
all kinds of experiments and specimens. Unfortunately he couldn’t 
see the wood for the trees. He does not tell us how to think and 
make decisions about these injuries and he does not provide advice 
for choosing what to do. Anyone with something new to say should 
look at this first.

“Dislocations are am ong the rarest o f  accidents in young  
subjects. A careful exam ination will reveal the presence o f  an  
epiphyseal separation. Moderate traction will usually be sufficient 
to restore the displaced fragm ents (but) it is a m atter o f  extreme 
difficulty to m ain ta in  thorough co-aption. In  dislocation there is 
bu t little tendency fo r  the displacement to recut:” (John Poland,

Aitken and Magill described a classification in 1952. Surpris
ingly, Blount’s book in 1955 on children’s fractures makes no

♦ John Poland (1855-1937)

He was bom  outside London and 
studied at Guy’s Hospital, graduating 
in 1879. He spent 2Vz years as a 
registrar at the North-Eastern Hospi
tal for Children, and this aroused his 
in te res t in  ch ild ren ’s fractures. He 
wrote 926 pages on traumatic sepa
ration of the epiphyses in 1898. Most 
of the text dates from the era before 
X-rays, but it includes a few of the 
first X-ray films. It is a wonderful 
review of the literature to that time. 
He worked out the anatomic details 
as a demonstrator at Guy’s Hospital 
and had his brothers help him with 
translating some of the literature.

He w ent on to work at the St. 
Pancras Hospital (an ex-workhouse 
infirmary where the current author 
was an intern and his great-grandfa
ther was a social worker). Later Po
land worked at the Miller Hospital 
in Greenwich and the City Hospitals 
where he continued to collect cases.

He w rote in the annual report of 
1896: “A lthough th e  m echanical 
trea tm e n t . . . has b een  carried  
on . . . yet m odern m ethods of sur
gery have enabled us to relieve more 
p a tie n ts  m ore rapidly, and som e
tim es m ore thoroughly , by o p e ra 
tions. . . .”

Despite writing many letters and 
corresponding w ith a relative, I have 
been unable to come up with more 
information than his obituaries dis
close. He w rote an X-ray atlas of the 
hand in 1898, a history of the Miller 
Hospital in 1893, and was editor of 
C h an ce’s book  On th e  N ature , 
Causes, Variety a n d  Treatment o f  
Bodily Deformities. He w rote most 
of it because E. J. Chance died with 
only half the manuscript written.

Jo h n  Poland is o ften  confused  
w ith his nephew  Alfred Poland, who 
described Poland’s syndrome.

F ig. 6.— P ure  and  complete 
separation

F ig . 7 .—P artia l separation, with 
fracture  of th e  diaphysis

T ig . 8 .—P artia l separation, w ith  frac
tu re  of th e  epiphysis

F ig. 9.—Complete separation, w ith 
fractu re  of the  epiphysis

John Poland’s classification of epiphysial injuries, 1898.
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♦ Robert Harris

Toronto orthopaed ic surgeon. He 
worked with Ham on fracture heal
ing and focused, with Dr. Salter, on 
healing after epiphyseal injuries.

♦ Charles Thurstan Holland 
(1863-1924)

Born in Somerset, he studied at Uni
versity College Hospital, graduating 
in 1888. He started in general prac
tice in Liverpool and was a keen 
photographer. In Liverpool he was 
helping Robert Jones. Through the 
university physics department they 
heard of Roentgen's invention and 
together took the first X-ray film in 
Britain. Gradually he became one 
of the leaders on radiology in the 
country. He was blunt and withering 
in his conversation. He died lonely.

He gave his name to the Thurs
tan Holland fragment.

mention of a classification of growth plate injuries and has no 
specific recommendations. He did not think they had group impor
tance. With the Salter-Harris classification of 1963, these injuries 
became high profile. Suddenly classification was the guide to treat
ment and prognosis. Since then new classifications have been 
proposed by Ogden and H. Petersen.

Nonaccidental injury is centuries old—think of the mutilations 
done to make convincing beggars. While assault has long been a 
criminal offense against adults, it is only recently that the law 
protects children. The first action was taken on behalf of a battered 
child in New York City in 1870. Mary Ellen was beaten daily by 
her parents. The police and the District Attorney’s office were 
unable to help. Finally The American Society for Prevention of 
Cruelty to Animals succeeded on the grounds that Mary was cer
tainly a member of the animal kingdom and was cruelly used.

John Caffey, a radiologist, blew the whistle on the radiographic 
signs of battering, which had previously been attributed to disease.

A RADIOGRAPHIC NOTE ON INJURIES TO 
THE DISTAL EPIPHYSES OF THE RADIUS 

AND ULNA—
THE THURSTAN HOLLAND SIGN, 1929

“A long experience o f  X-ray work a t both large general hospi
tals a nd  a t special hospitals fo r  children has created an impres
sion upon m y m in d  that injuries to bone in childhood and  early 
adolescence are very m uch more interesting radiographically, as 
well as clinically, than those which occur during adult life. . . .

“There is a diaphyseal injury, a nd  I  believe it occurs in every 
case in which there is, or has been, a definite displacement o f  the 
epiphysis. This injury consists in a piece o f  the diaphysis, fro m  
the edge o f  the surface in the direction in which the displacement 
takes place, being torn o ff  a nd  accompanying the epiphysis.

“Now this sm all fracture o f  the epiphysis is o f  importance 
diagnostically. I f  yo u  have it present it is positive evidence o f  
epiphyseal injury in those cases in which the epiphysis itself is 
norm ally situated a t the tim e it is X-rayed.’’

He wrote that the fragment “gives the show away" if the 
fracture springs back or is reduced.

I like the way he, as a pioneer of X-rays, uses the word 
“X-rayed.”

TIMELINE OF STRESS FRACTURE
1773 Gooch describes cough fracture.
1855 Breithaupt, a German military surgeon, describes march frac

ture.
1897 Stechow: first radiograph of march fracture 
1962 Book by M. Devas: Stress Fractures has historical references 

to every stress fracture
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O pen Fractwrcs

TIMELINE
400 b c  Hippocrates’ advice: dress the wound and then at 7 to 

10 days reduce the fracture.
1561 Pare describes treatment of his own open fracture.
1575 Pare: the tradition had been to pour boiling oil over 

gunshot wounds to kill the poisons. This added a burn 
to the problem. One day Pare ran out of oil and found 
that open  fractures did m uch b e tte r w ithout iatro
genic injury.

1676 Wiseman: reduce the fracture and close the wound. 
Perhaps the worst possible method of treatment.

1756 Pott: treatment of his own fracture 
circa 1789 Pierre-Joseph Desault: “I washed the wound, removed 

all foreign bodies and cut off all disorganised and rag
ged parts.” He coined the word debridement.

1832 William Beaumont: experiments on rabbits
1858 MacLeod—The Crimean War was about the first war to 

be a media event. Journalists brought home the horror 
and incompetence, leading to many reforms.

1858 Malgaigne studies statistics and results of operations in 
hospitals of Paris. Amputation for injury carried a 64% 
death rate.

1861 Pasteur: particles in the air cause infection
1864 Spencer Wells says that Pasteur might have something.
1865 Lister: asepsis for open fracture
1872 Oilier advocates occlusion and immobilization.
1884 Denis publishes a series of successfully treated 

cases—not one death using Lister's methods.
1897 Friedrich’s experiments: he excises a contused wound 

as if it were a neoplasm. Thereafter the vitality of 
tissues is regarded as important.

Box continued on following page



1915 Carrel/Dakin: irrigation school. Continuous irrigation 
w ith antiseptics had been used on a small scale but 
w ith Carrel’s backing it became the main treatment.

1929 W innett Orr w rote Osteomyelitis and Compound Frac
tures. O rr no ted  during W orld War I that soldiers 
whose wounds had been cleaned and immobilized in a 
plaster cast to transport them home were in better 
shape than those treated conventionally w ith regular 
dressings.

1937 Trueta: clean it up and wrap it up, a principle learned 
from Orr and applied during the Spanish Civil War.

1935 Prontosil: an early form of sulfonamide
1945 Penicillin: the first time an infection can be treated 

effectively.
1976 Gustilo and Anderson: classification of open fractures

O pen Fractures and G unshot Wounds

Inflicting open fractures was a traditional method of settling 
human disagreements. The result was usually death. War could be 
defined as a method of settling disagreement through overwhelm
ing the trauma surgeons. Pirogoff described war as “a traumatic 
epidemic.”

Open fractures carry first the risk of death due to bleeding, 
then a slower death due to infection. Amputation was common. 
Nonunion from bone loss or soft tissue damage, stiffness of joints, 
and malunion was the cause of lifelong disability in other patients.

The ancient Egyptians wrote that an open fracture was “an 
ailment not to be treated.” They knew that their treatment did not 
affect outcome.

H ip p o c r a te s  on  O p en  F r a c tu r e s  o f  th e  F em u r  
a n d  H u m e r u s

“One should try to escape fro m  such cases, provided one can 
do so honourably. The hopes o f  recovery are small a nd  the 
dangers many. I f  the physician does not reduce the fractured  
bones he will be looked on as unskilled, while by reducing them  
he will bring the p a tien t closer to death than to recovery.”

This remained the state of affairs for the next 2000 years. After 
about 1450, gunshot wounds became an increasingly common 
cause of open fractures. We can celebrate 500 years of books and 
papers on the care of gunshot wounds. Organized battles increased 
the number and severity of open fractures, and horses on the 
battlefield increased the risk of gas gangrene—these were the worst 
conditions for attempting treatment.

For centuries the greater part of operative surgery was military 
surgery. Soldiers were patients in pain with wounds; they were at 
risk of dying of infection from the wound. Surgery could not make 
things worse and might help. This was quite different from doing 
elective surgery.
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“In war,” writes Esmarch in 1884, “the surgeon has frequently to  operate at night.” 
Until electric lighting there was little emergency surgery done. Imagine trying to 
work with no diathermy, an ether anesthetic, in a cloud of carbolic acid and lit by 
hand-held flares. From The Surgeon’s Handbook. London: 1884.

In the Crimean War a series of 194 open fractures of the 
femur was reported. Ninety-six of these patients were treated by 
amputation, and 47% died. These survival rates were little different 
in the American Civil War.

Then, about 150 years ago, things changed. Anesthesia made 
it possible to debride a wound. Asepsis and fracture immobilization 
reduced the risk of infection. The survival rate improved.

But it was not until the 1930s and 1940s that treatment of 
infection with sulphonamides and then antibiotics took the terror 
away from an open fracture.

T h e T re a tm e n t o f  O p en  W ou n ds

The old Greeks used to cauterize wounds, not realizing that 
dead tissue was the breeding ground of bacteria. Cautery and 
boiling oil increased the amount of dead tissue and made things 
worse. Then Pare ran out of boiling oil one day and dressed the 
wound. He found that there was less pain and better healing. The 
habit of increasing the damage came to an end. He wrote, “I 
dressed the wound, God healed it.”

Galen, whose word was law for more than 1000 years, be
lieved that the formation of pus was essential for healing—not a 
helpful concept. The argument ran that visible pus was better than 
invisible pus. Visible pus could be almost guaranteed by killing the 
tissues and then applying filthy potions.

With the arrival of gunpowder came the belief that it poisoned 
wounds; then Leonardo Botallo, an Italian working with the French ♦ Galen
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The surgical instruments of the day. 
There are forceps for removing bul
lets, stones, and sequestra. The sy
ringe is for enemas. From Hierony
mus Brunschwig, Chirurgia, 1497.

W ound irrigation , 1884. From Es- 
march F: The Surgeon’s Handbook 
on the Treatment of Wounded in War 
(trans by H H Clutton). London: 
1884.

army, studied the ingredients and found no poison. He concluded, 
in his book of 1560, that foreign bodies caused harm and must be 
removed. He included fragments of bone and muscle along with 
extraneous matter. Few listened. Even today, over 400 years later, 
this is not always taken seriously.

The term debridement was introduced by Pierre-Joseph De- 
sault to refer to removal of dead tissue. He worked through the 
French Revolution and his student, Dominique Larrey, put these 
ideas into practice w hen he was Napoleon’s surgeon.
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Various other ideas have come and gone, such as continuous 
irrigation, occlusive dressings left undisturbed to stop secondary 
infection, immobilization to localize infection, and primary closure 
that favored gas gangrene and was soon abandoned. Debridement 
and antibiotics have taken the fear out of wounds.

L ister , 1 8 6 7

“The frequency o f  disastrous consequences in com pound  
fractures, contrasted w ith the complete im m unity  to life or limb  
in simple fractures, is one o f  the m ost striking as well as m elan
choly facts in surgical practice.” So begins Lister’s paper on aseptic 
surgery. He refers to Pasteur’s work on particles in the air being 
responsible for infection and the fact that surgical emphysema due 
to rib fracture does not become infected because the air is filtered 
by the lung. He argues that “all tha t is requisite is to dress the 
w ound w ith some material capable o f  killing these septic germs.”

“In the course o f  1864 I  was m uch struck w ith an account 
o f  the remarkable effects produced by carbolic acid upon the 
sewage o f  the town o f  Carlisle, the adm ixture o f  a very sm all 
proportion not only preventing all odor . . .  bu t destroying the 
enterozoa . . . ”

He goes on to describe the case of James G., aged 11, with an 
open fracture of the tibia that healed with carbolic dressings. The 
article continued in parts published weekly for over a month.

W ar in  th e  C rim ea , 1 8 5 3 —1 8 5 6

The war was fought in the cold of Southern Russia before 
asepsis and anesthesia. Florence Nightingale was appalled by the 
conditions, and a public outcry enabled her to invent nursing and 
test it in this war.

A surgeon at the campaign wrote, “The depressed condition  
o f  the body to which the hardships o f  the w ar had reduced the 
men, m ade a severe com pound fracture o f  the fe m u r  synonym ous 
with death.”

The mortality for amputations for gunshot wounds at this time 
was well docum ented—British Army in the Crimea, 1855: 39.8%; 
Waterloo: 51.3%. The mortality in civilian practice after amputation 
for injury is little different—Malgaigne, Paris: 64%; University Col
lege Hospital, London: Erichsen, 35.8%; Massachusetts Hospital, 
33.3%.

♦ Dominique Larrey (1766-1842)

He studied in Toulouse and then went 
to sea w ith  the French N avy as a 
surgeon. He next joined the Army and 
becam e one of the greatest m ilita ry  
surgeons working with Napoleon. His 
care for the wounded was well known.

When he was shot and left for dead 
at the battle of Waterloo, he was taken 
prisoner by the Prussians. Their general 
recognized Larrey and gave him safe 
escort to Belgium and freedom. Larrey 
did m uch to inven t am bu lan ces. He 
wrote much.

♦  Pierre-Joseph Desault (1744— 
1795)

He was an educator in Paris. Caught 
up in the French Revolution, he was 
briefly imprisoned but was then re
leased. King Louis XVII was in prison 
too and Desault was called in to 
treat him. Within a few days Desault 
was dead— whether due to disease 
or murder has remained a mystery.

♦  Dominique Larrey (1766-1842)
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Wounds were not the worst part of the war as these statistics 
of the French Army at the Crimean War show. Of 145,000 men, 
47,800 needed an ambulance during the course of 4 months: 3613 
died of gunshot wounds, 112 of frostbite, 639 of scurvy, and nearly 
25,000 of cholera and other infectious diseases.

Dislocati OHS

In the days before X-rays, any injury near a joint was regarded 
as a dislocation. Why, you may ask, did we have to wait until 1814 
to have Colies’ fracture described for the hrst time? Until then it 
had been regarded as a dislocation.

All those pictures of methods of reducing the hip may have 
been reductions for acetabular fractures. Reduction of late disloca
tions was common in historical times in Europe and is still common 
today in Africa because of the difficulty in obtaining medical care.

♦ Richard von Volkmann (1830- 
1889)

The whole of Volkmann's life was 
spent in Halle , Saxony, where his 
father was professor of anatomy and 
physio logy. He studied at several 
universities and graduated at the age 
of 24. Two years later he became 
deputy professor of surgery and sub
sequently director. He instituted List
er's antiseptic methods at the hospi
tal; it had previously been subject to 
so much infection that surgery was 
almost impossible. He wrote poems 
and fairy stories, which were very 
popular, under the pen name Rich
ard Leander, and he also founded a 
surgical journal.

Com partm ent Syndpome

Volkmann knew that muscle ischemia and nerve ischemia 
were the cause of this problem but he did not put an important 
part of the jigsaw puzzle in place. As you read his account, you 
will notice that he avoided trying to explain why the muscles 
died while hand or foot remained alive. Several explanations were 
suggested but it was not until recently that the correct answer was 
found from several places at about the same time. In San Diego, 
the pressure in the tissues of fish was being studied w ith  a 
manometer—the technology was applied to patients by Mubarak. 
In Toronto, the effects of raising compartment pressure were stud
ied by Cec Rorabeck and Ian Macnab. In Seattle, Matsen carried 
out experimental and clinical studies.

TIMELINE OF COMPARTMENT SYNDROME
1881 Volkmann describes ischemic contracture.
1912 Dr. Wilson, w ho w ent w ith Scott to the South Pole, gave 

a description of an exertional compartment syndrome of 
the leg.

1920 R. Finochetti: ischemic contracture of small muscles of the 
hand

1923 Steindler’s book on surgery of the upper extremity discusses 
tendon lengthening.

1926 Jepson: fasciotomy prevents compartment syndrome.
1975 Rorabeck and Macnab: experimental animal models produce 

the syndrome by raising com partment pressure.
1975 W hiteside’s technique for measuring pressure
1978 Wick pressure measurement introduced by Mubarak and Har- 

gens
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ISCHEMIC MUSCULAR PARALYSES AND 
CONTRACTURES

RICHARD VOLKMANN, 1881

“For m any years I  have been drawing attention to the fa c t  
that the paralyses a nd  contractures o f  the limbs which sometimes 
follow  bandages applied too tightly, do no t arise, as was assumed, 
through paralysis o f  the nerves by pressure, bu t through whole
sale an d  sw ift disintegration o f  the contractile substance a nd  the 
resu ltan t reaction a n d  regeneration. The para lysis a n d  con
tracture should be understood to have their origin in the muscle.

“A series o f  new  discoveries m ade since has established the 
correctness o f  this assertion, a nd  a t the sam e tim e has allowed 
us to obtain a more a nd  more precise conception o f  the occur
rences a nd  processes in question. I  should like to sum  up here 
m y present views as follows:

“(1) The paralyses a nd  contractures follow ing tightly applied 
bandages, chiefly on the forearm  a nd  hand, a nd  less often in the 
lower extremity, are to be viewed as ischaemic. They arise fro m  
the arterial blood supply being interrupted fo r  too long. Venous 
stasis, though occurring a t the sam e time, does seem to accelerate 
the onset o f  the paralysis.

“(2) The paralysis depends on the fa c t that the prim ary  
muscle groups die when deprived o f  oxygen fo r  too long. The 
contractile substance coagulates and  disintegrates a nd  becomes 
re-absorbed later. The resultant contracture is therefore m ost sim 
p ly described as post-mortem stiffening; the paralysed a nd  con
tracted limbs always show the sam e postures as we f in d  in 
extremities in rigor mortis, i f  the total musculature o f  a lim b or 
p a rt o f  a lim b is sim ultaneously affected.

“(3) It is a fea ture tha t paralysis a nd  contracture always 
appear sim ultaneously or follow  each other closely, whilst in 
nervous paralysis o f  the extremities the contracture always devel
ops very gradually a n d  often very late. In  the latter cases m onths 
and  years m ay elapse before a deformity develops which can no 
longer be overcome by strong m anual force.

“(4) By contrast fro m  the first m om ent o f  the appearance o f  
an ischemic contracture there is tremendous resistance to correc
tion o f  the deformity. The affected muscles completely lose their 
elasticity a nd  are absolutely rigid a t an  early stage, so resembling 
rigor mortis.

“(5) Necrosis o f  the contractile substance is follow ed by reac
tive a nd  regenerative processes o f  which the latter always re
m ains very incomplete in man; the affected muscles become 
more unyielding a nd  the contracture increased still fu r th er  by 
cicatricial shrinkage.

“(6) Ischaemic paralysis an d  contractures o f  identical na
ture appear no t only after the application o f  unduly tight ban
dages and  the unduly prolonged Esm arch’s constriction o f  the 
limbs, b u t also after ligatures, avulsions a nd  contusions o f  large 
vessels, b u t perhaps too after the prolonged exposure to cold. I t is 
possible tha t some o f  the so-called rheum atic contractures are o f  
an ischaemic nature.
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“(7) Kraske has clearly shewn in his beautiful work that 
anim al muscle cannot w ithstand the complete occlusion o f  the 
arterial blood supply fo r  six  hours w ithout a great num ber o f  
fibres perishing, a nd  tha t after six hours o f  complete deprivation 
the m ost violent reactionary processes develop, which is a re
m ainder o f  the so-called auto-digestion. The fa c t that there have 
been no unfavourable experiences up till now so fa r  as I  know, 
although the rubber bandages are often left in position fo r  hours 
a t a time, does no t count fo r  much, because the great m ajority 
o f  these patien ts have certainly perished. After the application o f  
tight bandages, however, the ischaemia will alm ost never be 
complete. The degree o f  severity o f  the sequelae will depend upon  
the completeness o f  the ischaemia, a nd  whether m any or few  

fibres were affected by it. I f  the ischaemia is very considerable, 
such alarm ing phenom ena appear so quickly tha t the bandage 
will be removed; even so, h a lf a day and  less is enough to reduce 
the fingers to perm anen t a n d  p itifu l deformity. I f  the constriction 
is less m arked and  the bandage left in place fo r  a week in spite 
o f  complaints o f  pain, in spite o f  oedema a nd  cyanosis o f  fingers 
a nd  toes, the result is still only a moderate contracture and  
a moderate loss o f  muscle fibre. In particular such moderate 
contractures are frequently observed after Fractura Radii Typica. 
The residual slight flexion  o f  the fingers yields here, too, only 
after m any m onths o f  continuous a n d  energetic treatment.

“(8) The prognosis o f  ischaemic muscle paralysis and  con
tracture will therefore depend upon the num ber o f  fibres which 
have necrosed or disintegrated. The severest cases affecting the 
hand  a nd  fingers are to be considered absolutely incurable. The 
prognosis is better in the lower extremity, because here the m ain  
symptom, i.e. muscular shortening, can easily be removed by 
tenotomy. The m ilder cases are improved a nd  cured only by the 
m ost energetic an d  consistent treatment.

“(9) Anything other than mechanical aids will prove com
pletely useless. For every recent ischaemic contractures one should  
try to stretch the shortened an d  s tiff muscles by the application 
o f  force under chloroform anaesthesia before anything else. In  
all older cases this is unsuccessful; one w ould more readily break 
the bones a nd  rupture the tendons before the muscles would  
yield.”

EXERTIONAL COMPARTMENT SYNDROME 
DR. EDWARD W ILSON, 1912

Wilson went on Scott’s expedition to the South Pole. They 
had hoped to be the first to reach the South Pole but when they 
arrived on January 17, 1912, after a terrible journey, they found 
that Amundsen had beaten them. In poor condition they began 
their return but never made it.

Wilson wrote in his diary about the pain in his leg, which is 
probably the first description of this syndrome affecting the an
terior compartment.

“Jan 28  1912 We are all on skis. . . .  We are a t about 10,130 
fe e t above sea level. We are all pretty hungry.
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“Jan 29 We go t in a very long m arch fo r  9  hours (22 miles)
. . . aw ful fo r  skiing. . . Scott a n d  I  were on skis the whole day. I  
got a nasty bruise on the [tibialis anticus] which gave m e great 
p a in  all afternoon. . . .

“fa n  30  My left leg exceedingly p a in fu l all day so I  gave 
Birdie m y ski a nd  hobbled alongside the sledge on foot. The 
whole o f  tibialis anticus is swollen a n d  tight, and  fu ll  o f  tenosyno
vitis, a nd  the skin  red a nd  odem atous over the skin.”

His complaints continued for about three weeks. He would 
have died if he had stopped walking. He and Scott died on March 
29, when just 12 miles from the final base.

Copland Hutchison, a naval doctor, is often credited with the 
first description of compartment syndrome in 1816. He describes 
fasciotomy—but for erysipelas, not for compartment syndrome.

Here is the first account of fasciotomy for compartment syn
drome.

“A m ethod o f  producing a lesion which appeared sim ilar to 
tha t in m an  having been developed, the next procedure was to 
determine, i f  possible, a m ethod o f  preventing such deformity. A 
dog in which the incision a nd  ligation (o f  the fem oral vein) had  
been perform ed was selected fo r  this experiment. A n Esmarch 
bandage was applied above the knee a nd  left on fo r  eight hours. 
A t the end o f  this tim e there was considerable oedema a nd  other 
signs o f  a sluggish circulation, a nd  the toes were contracted. Six 
hours later the w ound  was opened a n d  the blood an d  serum  
were evacuated. Two rubber tubes fo r  drainage were placed deep 
in the interm uscular space a nd  sutured. The follow ing day, the 
swelling had  gone dow n markedly, a nd  fo u r  days later the dog 
was walking normally. This was in m arked contrast to the condi
tion o f  the control anim als in which drainage had no t been 
instituted. The experim ent was repeated often enough to bring 
out the fa c t tha t intrinsic pressure is a factor which m ust be dealt 
with in this condition.

“I f  the intrinsic pressure is relieved w ithin a short tim e after 
the form ation  o f  the haem atom a, the pa tien t will usually recover”

Jepson did this work as a Fellow at the Mayo Clinic, writing 
a thesis for a Master of Science degree in orthopaedic surgery, 
in 1926.

JEPSON FASCIOTOMY

1926

Tetanus

“A convulsion supervening on a wound is deadly.” Hippocrates
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Charles Bell’s horrific drawing of tet
anus. Bell was a surgeon at the Battle 
of Waterloo in 1815. “It is impossible 
to convey to you the picture of hu
man misery continually before my 
eye . . . While I amputated one man’s 
thigh there lay at one time thirteen 
all beseeching to be taken next . . . 
It was a strange thing to feel my 
clothes stiff w ith blood, and my arms 
powerless w ith the exertion of using 
the knife.”

A r e te u s  (2 n d  to  3 r d  C en tu ry  a d )
“A man, who was struck fro m  behind by a sharp dart, had  

a w ound that did not look serious because it d id  n o t go deep. 
B ut later, after the p o in t was extracted, the p a tien t was seized 
with backward bending convulsions—like those o f  opisthotonus. 
His ja w s were locked, a n d  any flu id  tha t he attem pted to swallow  
was returned through his nostrils. He died on the second day.”

Tetanus was common in wounded soldiers and was usually 
fatal. The antitoxin was developed by Behring in 1892 and toxoid 
by Gaston Ramon in 1927.

TIMELINE OF GAS GANGRENE
1853 Classic descriptions of the disease by Maisonneuve
1864 Pirogoff describes it vividly.
1871 Bottini in 1871 noted that it was infective in origin.
1891 William Welch, professor of pathology at Johns Hopkins, 

isolated the organism in 1891. He was doing an autopsy on 
a patient w ith areas of skin breakdown and noted the crepi
tus under the skin. The veins w ere full of gas and w hen he 
nicked a vein, holding a match close, the escaping gas pro
duced a small explosion and burned with a blue flame. The 
tissues and veins were full of bacteria. The Society of Ameri
can Bacteriologists decreed that it should be called Clostrid
ium welchii after its discoverer. The Library at Baltimore is 
named after him.
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Books on F^actM^cs

3000 b c  Edwin Smith papyrus, Egypt 
400 b c  Hippocrates of Cos, Greece 
600 b c  Susruta, India
30 Celsus. He was not a physician but a writer and collector 

of information—like a data banker. He collected ev
erything known at the time and gave his name to 
the signs of inflammation. 

c200 Galen, surgeon to the gladiators in Turkey and Rome 
c600 Paul of Aegina, Greece 
c l 000 Albucasis, Arab Spain 
1275 William of Salicet 
1296 Lanfranc of France 

Henri de Monville 
1363 Guy de Chauliac of France 
1465 Le premier manuscript, Persia
1497 Hieronymus Braunschweig, Strasbourg—good illustra

tions
1543 Vesalius
1544 Guido Guidi (Vidius), illustrations of the ancients 
1575 Ambroise Pare, first book in French—a huge amount

of new information 
1676 Richard Wiseman, England 
1718 Lorenz Heister, Germany 
1723 Jean-Louis Petit, Paris 
1733 William Cheselden, London, osteology 
1751 Joseph-Guichard Duverny, Paris 
1765 Percivall Pott, London 
1775 John Jones, first American fracture book 
1813—1816 Giovanni Monteggia, Milan 
1813 John Syng Dorsey, Philadelphia
1822 Astley Cooper, London, dissections and experiments
1823 Joseph Wattman, Austria, mechanical models to prac

tice reduction of dislocations 
1828 Adolph Leopold Richter, Prussia, atlas 
1830 Samuel D. Gross, Philadelphia 
1847 Baron Guillaume, Dupuytren, France 
1847 Robert William Smith, Dublin 
1847 Joseph Francis Malgaigne, Paris, statistics 
1852 Antonius Mathijsen, Holland, plaster bandages 
I860 Frank Hastings Hamilton, United States 
1862 Ernst Julius Gurlt, Germany
1886 Hugh Owen Thomas, Liverpool, rest—prolonged, en

forced, and uninterrupted
1895 Just Lucas-Championiere, Paris, massage and mobiliza

tion
1896 Theodor Kocher, Bern
1898 John Poland, London, growth plate injuries
1900 Charles L. Scudder, Boston
1905 Lewis Atterbury Stimson, New York
1905 Arbuthnot Lane, London, operative treatment

T R E A T I S E

DI SLOCATI ONS ,

FRACTURES

J O I N T S .

BY SIR  ASTLEY COOPER. BART.. F.R.S.
SURGEON TO THE KING. kc. lu. lu.

L O N D O N :

MESSRS. LOSOMAX. HURST. REES. ORME A .NO BROUN, PATERNOSTER-ROW 
AND E. COX AND SON. ST. THOHASS-STREET. SOUTHWARK.

MDCCCXXII.

Title page of Astley Cooper’s classic 
on fractures, 1822. This was one of 
th e  first academ ic books on frac
tures.
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♦ Walter P. Blount

He was born in 1900 in Oak Park, 
Illinois, the son of a surgeon mother. He 
was a classmate of Ernest Hemingway. 
He graduated from Rush M ed ica l 
College in 1925 and studied orthopae
dics in Madison, W isconsin, then toured 
orthopaed ic centers in Europe and 
wrote a travelogue in 1929. He settled 
in M ilwaukee and opened a practice 
there . In 1958 he becam e c lin ic a l 
professor and head of the department of 
orthopaed ic surgery at M arquette.

♦  Walter P. Blount

He received many honors and played a 
leading role in important organizations.

He wrote two books, Fractures in 
Children in 1954 and The M ilwaukee  
Brace in 1979. He introduced drill oste
otom y for ch ild ren 's deform ities and 
was known for hip osteotomies in the 
days before joint replacement. He de
scribed Blount's disease in 1937 and 
devised epiphyseal stapling for the con
trol of bone growth in 1949.

1907 Albin Lambotte, Belgium 
1910 Fredric J. Cotton, Boston
1915 Jean Tanton, Paris
1916 Hey Groves, Bristol 
1916 Kellogg Speed, Chicago 
1922 A. W. Tubby, London 
1929 Lorenz Bohler, Vienna 
1934 J. Albert Key, St. Louis
1940 Reginald Watson-Jones, Liverpool
1949 Danis, Belgium, compression fixation
1950 Walter Blount, Milwaukee, children’s fractures 
1950 John Charnley, Manchester
1961 Maurice Muller, M. Allgower, H. Willenegger, Technik 

der operativen F rakturenbehand lung , Switzer
land. Translated 1963—The AO Manual.

R e f e r e n c e s

Chapter references are located in Chapter 26.



♦ C h a p t e r  S e v e n t e e n

L o w e > *  L i m b  

F m c t w ^ c s

“Thomas leg splint: a neolithic masterpiece of tapes and granny 
knots." Novelist Anthony Burgess

Famous Patients

Talleyrand. At the age of 4, he fell off a chest of drawers and 
injured his foot. He went into the church because he was not fit 
for the Army. He became a bishop and after the Terror became 
Napoleon’s chamberlain.

John Charnley was rock climbing in 1935 with friends in 
the Lake District. One, named Roberts, fell. “When they reached 
the top, John Charnley (who had the merit of being small and who 
had just become a doctor) was lowered to the ledge where Roberts 
was lying with a fractured femur. Charnley managed to apply a 
Thomas splint and they were both pulled up to the top of the 
crag. By now night had fallen and it was impossible to carry the 
injured man down the mountain. Charnley stayed with him, but 
Roberts, who was severely shocked, died during the night (Waugh, 
1990). Charnley’s first interest was fractures.

William Cheselden: Fracture callus, 
in Osteographia, 1733- This book 
with its many lovely engravings was 
an academic trium ph and a finan
cial disaster.

373
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I g n a t iu s  r e c o v e r in g  f r o m  a n  o p e n  
f r a c tu r e  o f  t h e  t ib ia . H e  is  r e a d in g  
a  h o ly  b o o k  a n d  b e in g  in s p i r e d  to  
b e c o m e  a  r e l ig io u s  le a d e r .

St. Ignatius o f  Loyola (1491-1556). The founder of the Jesu
its was a wild youth—“given over to the vanities of the world.” In 
1521 he was in the Spanish Army defending Pamplona against the 
French when “a shot hit him in the leg, breaking it completely: 
since the ball passed through both legs, the other was also badly 
damaged,” he writes in his third-person autobiography.

“When he fe ll the defenders o f  the fortress surrendered im m e
diately. The French treated the w ounded m an well. A fter he had  
been in Pamplona fo r  12 or 15 days, they carried h im  on a litter 
to his own country where he was very ill. All the doctors and  
surgeons who were sum m oned  decided tha t the leg ought to be 
broken again a nd  the bones reset. This butchery was done again:

Hieronymus Brunschwig of Stras- 
burg; Osteoclasis for a malunited 
fracture. Book o f  Surgery, 1497. Pre
sumably this is what Ignatius is de
scribing.
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he never spoke a word nor showed any sign o f  p a in  other than  
to clench his fists. Yet he continued to get worse, not being able 
to eat a nd  showing the other indications tha t are usually the 
signs o f  death. He received the sacraments. The doctors said that 
i f  he did  no t fee l better by m idnight he could consider h im self 
dead. Our Lord willed tha t he should begin to improve a nd  some 
days later he was ou t o f  danger o f  death.

“As his bones kn it together, one bone beloiv the knee re
m ained on top o f  the other, shortening his leg. The bone pro
truded so m uch that it was an ugly sight. He was unable to abide 
it and  he thought it w ould deform him; he asked the surgeons i f  
it could be cut away. After the flesh a nd  excess bone were cut 
away, m eans were taken so tha t the leg would no t be so short: 
m any ointm ents were applied to it, and, as it was stretched ou t 
continually with instruments, he suffered m artydom  fo r  m any  
days. In everything else he was perfectly healthy except that he 
could n o t stand  on the leg a nd  had  to stay in bed. As he was 
much given to reading books o f  chivalry, he asked fo r  some to 
pass the time. None o f  those he usually read could be fo u n d  so 
they gave h im  a Life o f  Christ a nd  a Book on the lives o f  
the Saints.”

He had a vision, changed his way of life, and later founded the 
Order of Jesuits, which has been very successful in spreading the 
power of the church around the world.

Ronald Reagan was playing a charity baseball game in 1947. 
He suffered a comminuted fracture of the femur and spent 2 
months in traction.

TIMELINE O F LOW ER LIMB FRACTURES
Pelvis
1832 Malgaigne fracture
1964 Judet and Latournel classification of acetabular fractures 
1980 Tile-Pennal classification of pelvic fractures finally published

Hip
1681 Gerrit Borst—fracture of the neck of the femur 
1869 Bigelow ligament and dislocation of the hip 
1932 Johannson nail

Shaft of Femur
1857 Buck’s traction 
1875 Thomas’ splint 
1880 Bryant’s traction
1903 Balkan beam—an overhead traction frame clamped to the 

bed
1924 Hamilton Russell traction 
1940 Kuntscher intramedullary nail 
1970 Ender nails 
1985 Grosse Kempf locked nails

Box continued on following page



376 Chapter 17 ♦ Lower Limb Fractures

Knee
1877 Lister wires a fractured patella.

Tibia
1555 Pare sustains an open fracture of the tibia and lives. 
1557 Pare ruptures his tendo Achillis.
1832 Malgaigne’s external fixator for the tibia
1856 Abraham Lincoln defends two doctors for malpractice.
1947 Hansen Street intramedullary nail

Ankle
1768 Pott
1819 Dupuytren’s fracture

Josepli-Francois Malgaigne (1806-1865)

The son of an Army surgeon, he was born in Charmes Moselle. 
He graduated as a health officer at Nancy, aged 19, and did some 
writing. His writing ability complemented his surgical career. He 
w ent to work as a secretary for a historian for a time before 
further medical studies in Paris. Broke, he joined the army. Upon 
demobilization he organized a volunteer hospital for the Poles after 
the defeat by the Russians and finally wrote his degree.

In 1835 he became surgeon for a group of hospitals in Paris.

T-mctupes o f  the ’Pelvis and
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He came to the attention of Guerin, who edited the Gazette 
Medicale de Paris, and became an associate editor. He became a 
clever writer: “ The work o f  Dr. X  contains m any things both new  
a nd  good. Unfortunately the good things are no t new a nd  the 
new things are not good!'

He fell out with Guerin over myotomy for scoliosis and wrote 
a critical editorial in a journal he founded in 1840. This ended in a 
lawsuit. The case revolved around the right to publish results of 
tests that showed that a method of treatment was ineffective, 
despite support by eminent surgeons. Malgaigne gave the final 
speech in his own defense, and the case against him was thrown 
out.

His Traite des fractures et des luxations of 1847 (English 
translation in 1859) included an analysis of 2328 fractures and an 
atlas. It was very comprehensive. He was a staunch advocate of 
statistics in medicine.

He wrote a monograph on the history of fractures.
His M anuel de m edicine operatoire (M anual o f  Operative 

Surgery), published in 1834, was translated into four languages. He 
wrote a history of surgery and a biography of Pare and edited 
Pare’s works.

Galen (131-201 a d )  must have found 
reducing a hip dislocation very diffi
cult because he had these alterna
tives. From the Opera of Galen. En
glish translation, 1625.

MALGAIGNE'S VERTICAL SHEAR 
FRACTURE

1847

“I  shall describe a fo rm  o f  multiple fracture o f  the pelvis, 
distinguished fro m  all others by a  species o f  regularity, and  
meriting, besides, special attention in the triple aspect o f  diagno
sis, prognosis a nd  treatment. I t is a com bination o f  two vertical 
fractures, separating a t one side o f  the pelvis a m iddle fragm ent 
comprising the hip joint: according as this fragm en t is carried 
upwards or inwards so the fe m u r  follows its movements, and  
hence results in changes in the length a nd  direction o f  the limb  
which have often m islead practitioners.

LECONS

D’ORTHOPEDIE
rnOFKSSKKS

A LA FAttJLTB UK ME I) EC INK DE PAULS

.i f . im c v iL A i :

Htnaili* M P«

MSI. le* II"  Felix tiliVO.Y el V.  M M S

RF.VllKS 15T Al’PHOUVEES PAR LK I’ROKESSEUR

PA flLs
A Dll IKK U E L A H A Y E,  L I1HIAI  UK-E lH TK UR

Title page of Malgaigne’s book.

Reduction of a dislocated hip. Pare; English translation, 1678.
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The Thomas splint was designed for 
the treatm ent of tuberculosis of the 
knee joint. Much used for femoral 
fractures, it is seen here as it was 
intended to be used. From Thomas 
HO: Hip, Knee and Ankle. Self-pub
lished in 1876.

“O f these two fractures, the anterior is alm ost constantly 
seated in the horizontal a nd  descending ram us o f  the pubis, 
separating this bone fro m  the ilium  a nd  the ischium; the poste
rior is always back o f  the cotyloid cavity, and  generally in the 
ilium: once however it was seen by Richerand in the sacrum. 
Lastly instead o f  a fracture, we m ay have here a separation o f  
the sacro-iliac symphysis.

“The prognosis is rendered serious m ainly by injury inflicted 
on the viscera.”

He advised traction.

A HIP INJURY DURING THE CIVIL WAR
1865

Before X-rays, fracture-dislocations were thought to be disloca
tions. Whatever the injury, this account shows how tough life was 
during the Civil War.

“June 12th, 1865. Voluntary D islocation  o f  the Hip. Dr.
Hodges showed some photographs o f  a m an  who was able to 
partially dislocate his hip a t will w ith the follow ing account o f  
the case:

"'John B. Parker, Private, Co. H, 1,18th N. Y. Vols., on the 
march from Bermuda Hundred to Drury's Bluff, May 13th, 
1864, while skirmishing up a hill, sprang back suddenly, to 
avoid the gun of a comrade in advance. His left foot became 
entangled, and his weight dislocated his hip. He felt the injury, 
and supposed the joint was out. Some comrades pulled it in. 
He immediately resumed his skirmishing, and marched seven 
miles, from 10 till 6 P.M. He laid down at night, and went on 
duty the next day, sharp-shooting, crawling all day.

" 'He continued this kind of work five days, and returned 
to camp, when he was immediately put on entrenchments, 
and worked two days and nights. Afterwards he went on 
picket, and entered the hospital May 28th.

" 'He is able at any time to luxate the hip-joint, and does 
it by pressing the foot on the floor, to fix it firmly. He then 
contracts the adductors, throwing out the pelvis, when the 
head leaves the socket and goes on the dorsum.' "

Fmctwi*es of the Fcmui1

A fracture of the shaft of the femur is easily treated in the 
Third World today w ith  a pin, a p iece of string, and a 
brick—Perkins’ method. Yet in the past, veritable Cadillacs of 
equipment have been produced for this injury. If all the cord used 
to treat fractures of the femur in traction were put end to end, it 
would encircle the globe. Today, of course, it is rare to find anyone 
under 40 who can set up traction; every fracture comes to opera
tion. More of this in Chapter 20, but meanwhile here are some 
examples of fracture beds.
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Another system of fracture care that 
takes into account toileting needs. 
From Hamilton FH: [An important] 
Treatise on Fractures and Disloca
tions, I860.

The belt, buckle, bow, and fig leaf 
treatm ent o f a fractured shaft of fe
mur. From Hamilton FH: [An im
portant] Treatise on Fractures and 
Dislocations, I860.



380 Chapter 17 ♦ Lower Limb Fractures

Lister: Wiring a fractured patella, 
1883. From Br Med J 1883, 2, 855.

F»*actm‘es of the Patella

AN ADDRESS ON THE TREATMENT OF 
FRACTURE OF THE PATELLA 

JOSEPH LISTER, 1883

In 1873, Lister wired an un-united fracture of the olecranon 
with success. “The third case . . .  had  consulted no few er than  
eighteen surgeons . . . (There is nothing new about what is known 
to health care providers as overdoctoring—in fact, it took 18 
opinions before the correct treatment was available.) In 1877, an 
old houseman of his wired a fracture of the patella. Lister did one 
soon afterward and presented seven cases in 1883.

The illustration shows what he did:

“I  was on the lookout fo r  a fracture o f  the patella (to treat 
on the sam e principle as a fracture o f  the olecranon). In October 
1877, a p a tien t with a transverse fracture o f  the patella was 
adm itted  under m y care in  K ing’s College Hospital. He was a 
m an forty  years o f  age, who, while riding on horseback, had  his 
horse stum ble a n d  fall. He was thrown over the horse’s head, 
fa lling  on his right knee. He could no t rise, and  was brought to 
the hospital. In  the firs t instance, I  attem pted with this p a tien t to 
bring the upper fra g m en t down, so tha t it would be in contact 
w ith the lower [using traction. The fracture rem ained separated]. 
I  suggested to the p a tien t the operation o f  cutting down and  
applying the wire suture. This, however, he would no t consent to, 
a n d  preferred returning hom e to be under the care o f  his ordi
nary medical attendant. Eight days later, or fourteen  days after 
the accident, he was readmitted, expressing a wish to be operated 
upon. On October 26th, I  accordingly proceeded to operate, m ak
ing a vertical incision, abou t two inches in length over the 
patella, exposing the fragm ents which were then about one inch 
apart. M y inability to bring down the upper fragm en t into con
tact w ith  the loiver became explained, there were fo u n d  between 
the fragm ents extremely firm  coagula. The clots having been 
completely cleared I  applied a com m on bradawl in the m idline 
o f  the patella, drilling each fra g m en t obliquely so as to bring out 
the drill on the broken surface a little distance fro m  the cartilage. 
Pretty stou t silver wire was then passed through the drilled open
ings, a nd  the fragm ents thus strung upon it were pushed  firm ly  
home, an d  so brought accurately into apposition. Before they 
were brought together, however, an  arrangem ent was made fo r  
the drainage o f  the joint. The ends o f  the wire were now twisted 
together. The w ound  was closed with sutures.

“Antiseptic treatm ent was applied throughout. . .  The wounds 
healed w ithout suppuration. A t the end o f  eight weeks the wire 
was removed. A t the end o f ten weeks the pa tien t was allowed to 
get up, and, though passive m otion had  been employed, he could 
move the lim b freely through an angle o f  about thirty degrees. 
Two days later he was discharged and, unfortunately, nothing  
has been heard o f  h im  since. I  saw  him  on a cart a fe w  days 
after he was dismissed. This, I  believe, is the firs t instance o f
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a recent fracture o f  the patella being treated by wire suture  
aseptically applied.

“Before I  m ade the incision I  remarked to those who were 
assembled in the theatre tha t I  considered no m an  justified  in 
perform ing such an operation, unless he could say with a clear 
conscience tha t he considered h im self morally certain o f  avoiding  
the entrance o f  any septic m ischief into the wound.

“Disasters happen. Gentlemen w ith w hom  things go wrong 
invariably say that everything has been perfectly done—a thing 
which, fo r  m y part, I  am  always loth to say.”

AMBROISE PARE
1561

He describes the management of open fractures using his own 
experience.

“This happened to m e the fo u rth  day o f  the m onth  o f  May, 
1561. [I w ent w ith other barber surgeons] to visit som e patients 
in the village o f  Les Bons H om m es near Paris.

“The m isfortune befell m e in the m anner which follows: 
Wishing to pass across the water a nd  trying to m ake m y hackney 
enter a boat, L struck her on the crupper w ith a riding crop, 
stim ulated by which the an im al gave m e such a kick tha t she 
broke entirely the two bones o f  m y left leg a t fo u r  inches above 
the juncture o f  the foot. Having received the blow a nd  fearing  
that the horse m ight kick again, 1 stepped back one pace, and  
suddenly fe ll to the ground; the already fractured bones came 
out, and  broke the flesh, the hose, a nd  the boot, whence 1 fe lt 
such p a in  that it is not possible fo r  a m an (a t least according to 
m y judgm ent) to endure greater w ithout death. My bones thus 
broken a nd  m y fo o t bent upward, 1 feared  greatly tha t m y leg 
had to be cut o ff  to save m y life.

“1 was quickly carried into the boat to cross to the other side 
in order to have m e treated. B u t its shaking alm ost m ade m e die, 
because the ends o f  the broken bones rubbed against the flesh, 
and  those who were carrying m e could not give it f i t  posture. 
From the boat I  was carried into a house o f  the village w ith  
greater p a in  than I  had endured in the boat, fo r  one held m y  
body, another m y leg, the other m y foot, an d  in walking one 
lifted to the left, the other lowered to the right. Finally, however, 
they placed m e on a bed to regain m y breath a little, where, 
while m y dressing was being made, L had m y whole body wiped  
dry, because 1 was in a general sweat. I f  L had been thrown in 
the water, I  would no t have been wetter. This done, I  was treated 
with a m edicam ent such as we were able to practice in the said  
place which we com pounded o f  white o f  egg, w heat flour, oven 
soot, w ith fresh melted butter.

“Above all, I  prayed M. Richard H ubert no t to spare m e any  
more than i f  L had been the greatest stranger in the world as fa r

♦ Ambroise Pare (Father of French 
Surgery) (1510-1590)

He was bom in Bourg Hersent in 
the old French province of Maine, 
where his father was a valet and 
barber. Several of his near relatives 
w ere in s im ila r m edical o ccu p a
tions. He studied with his brother 
Jean, in 1 532 was apprenticed to a 
Paris ian  barber-surgeon, then 
worked for four years at the Hotel 
Dieu in Paris. He became a master 
barber-surgeon in 1541, and subse
quently worked partly in Paris and 
partly as an army surgeon. He was 
surgeon to four kings of France.

In 1575 he published a superb, 
monumental work on surgery. The 
first part is devoted to anatomy and 
physiology and the second to sur
gery, which includes descriptions of 
many surgical instruments; he rein
troduced the ligation of vessels, and 
described prostheses for amputation.

He was one of the few Hugue
nots spared at the Massacre of St. 
Bartholomew.
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as he was concerned, a nd  that in reducing the fracture he p u t  in 
oblivion the friendship  that he bore me. Further, I  adm onished  
him, although he knew  his art perfectly, to p u t  m y fo o t strongly 
in a straight line, a n d  that i f  the w ound were no t sufficient in 
size, tha t he should increase it w ith a razor in order to more 
easily to p u t  the bones back in their natural position. Also, that 
he should search diligently in the w ound with his fingers, rather 
than w ith another instrum ent (for the sense o f  feeling is more 
certain than any other instrum ent), in order to take ou t the 
fragm ents a nd  pieces o f  bones which could be separated fro m  
their whole, an d  especially that he should express an d  make  
issue forth  the blood which was in great abundance around  
the wound.”

The leg was then splinted as shown and various ointments ap
plied.

♦ Percivall Pott

“I  was two m onths a n d  more before callus was made, during  
which tim e I  rem ained on m y back. It was ye t another m onth  
before I  could even press m y fo o t on the ground w ithout a  crutch. 
Yet I  have been entirely cured w ithout lim ping in any fashion. 
On this, I  will m ake an  end to m y treatise on fractures and  shall 
pray God that He will guard  fro m  such an  accident all those who 
read this history a nd  to send m e to death rather than fa ll again!’

POTT AND AN OPEN FRACTURE OF THE 
TIBIA
1756

His son-in-law gives this account of the famous injury which 
led Pott to start writing:

“In the year 1756, an accident befell Mr. Pott. Av he was 
riding in Kent Street, Southwark, he was thrown fro m  his horse, 
a nd  suffered a com pound fracture o f  the leg, the bone being 
forced through the integuments. Conscious o f  the dangers atten
da n t on fractures o f  this nature, a nd  thoroughly aware how  
m uch they m ay be increased by rough treatment, or improper 
position, he would not suffer h im self to be m oved until he had  
m ade the necessary dispositions. He sent to Westminster, then the 
nearest place, fo r  two chairmen, to bring their poles; a nd  p a 
tiently lay on the cold pavem ent, it being the middle o f  January, 
till they arrived. In  this situation he purchased a door, to which 
he m ade them nail their poles. When all was ready, he caused 
him self to be laid on it, and  was carried through Southwark, 
over London bridge, to Watling-street near St. Paul’s, where he 
had  lived fo r  som e tim e—a tremendous distance in such a state! 
I  cannot forbear remarking that on such occasions a coach is 
too frequently employed, the jo lting  m otion o f  which, w ith the 
unavoidable awkwardness o f  position a nd  the difficulty o f  getting 
in a nd  out, cause a great, a nd  often a fatal, aggravation o f  the 
mischief. A t a consultation o f  surgeons, the case was thought so 
desperate as to require im m ediate amputation. Mr. Pott, con
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vinced tha t no one could be a proper judge in his own case, 
subm itted to their opinion; an d  the instrum ents were actually 
got ready, when Mr. Nourse, who had  been prevented fro m  com
ing sooner, fortunately entered the room. After exam ining the 
limb, he conceived there was a possibility o f  preserving it: an  
attem pt to save it was acquiesced in, a nd  succeeded. This case, 
which Mr. Pott som etim es referred to, was a strong instance o f  
the great advantage o f  preventing the insinuation o f  a ir into the 
w ound o f  a  com pound fracture; a nd  it probably would not have 
ended so happily, i f  the bone had  no t m ade its exit, or external 
opening, a t a distance fro m  the fracture, so that, when it was 
returned into the proper place, a sort o f  valve was form ed, which 
excluded air. Thus no bad sym ptom  ensued, bu t the w ound  
healed, in som e measure, by the first intention. The appearance 
o f  Mr. Pott as an  author was an  im m ediate effect o f  this accident. 
During the leisure o f  his necessary confinement, he planned, an d  
partly executed his treatise upon ruptures, which was completed 
by the latter end  o f  the ye a tf

The site of the fracture is not mentioned, but as the fracture 
was at a distance from the skin wound it is more likely to have 
been a fracture of the shaft of the tibia than a Pott’s fracture.

ABRAHAM LINCOLN DEFENDS DOCTORS 
ACCUSED OF MALPRACTICE FOR THE 
CARE OF A FRACTURE OF THE TIBIA

1856

In 1856, four years before he was elected President, Lincoln 
was still working as a lawyer.

The suit for malpractice that was filed in the McLean County 
Circuit Court had as defendants Drs. Crothers and Rodgers. The 
plaintiff was Samuel Fleming. The most interesting feature of the 
action was the presence of Abraham Lincoln as attorney for the 
defendents. Both of the physicians knew Lincoln well. The nurse 
who had taken care of Lincoln’s children had also served the 
children of Dr. Crothers, and there were other bonds of friendship.

As the records show, Mr. Fleming fractured a leg and engaged 
the two defendents to set the bone. The break was a bad one, and 
the knitting process slow—when completed it was seen, as is said 
to be the case with elderly patients, that the limb was a trifle 
shorter than it was before. Holding that the two surgeons had 
not given the fracture proper attention, Fleming sued them for 
malpractice. Lincoln was sent for and agreed to take the case. He 
was then living in Springfield and came up to Bloomington on 
several occasions to be coached upon the subject of broken bones. 
The two surgeons, both distinguished in their profession, used a 
chicken bone to explain the different conditions in bones of young 
people and those of advanced age. In the former case the bone 
has a springy, wiry condition less apt to break and a tendency to 
knit quickly. In the case of old people the bone is more brittle 
w hile the lime and other qualities impair the knitting qualities. The 
physical characteristics of bones were explained to Lincoln in
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The pathology of an epiphyseal sepa
ra tio n  o f th e  ankle. Anger: 1865, 
from  Poland J: Tra u m a tic  Separa
tion o f  Epiphyes, London: 1898.

minute detail, and when the coaching was completed he knew 
about as much about the subject as the physicians themselves.

When the suit finally came to trial, Lincoln argued the case 
using the chicken bone and other illustrations. He concluded a 
brilliant argument by saying: “Mr. Fleming, instead of bringing suit 
against these surgeons for not giving your bone proper attention, 
you should go on your knees and thank God and them that you 
have your leg. Most other practitioners with such a break would 
have insisted upon amputation. In your case, they exercised their 
skill and ability to preserve it and did so. The slight defect that 
finally resulted, through Nature’s methods of aiding the work of the 
surgeons, is nothing compared to the loss of the limb altogether.”

The President-to-be threw his whole soul into the defense, and 
the jury promptly brought in a verdict for the defendents and 
threw the costs, reaching a large figure, onto the plaintiff.

Malpractice was unknown until the early 1800s. When sur
geons stopped amputating for open fracture and started to save 
limbs the public started to sue for deformity. There were many 
court actions, and book chapters that deal with this. The first 
monograph was published in I860.

Pseudarthrosis o f the Tib ia  

UN-UNITED FRACTURES IN CHILDREN
PAGET, 1891

“The general course o f  events begins w ith a fracture pro
duced by w hat m ay seem like an  inadequate cause, proceeds 
though a series o f  vain attem pts to obtain reunion, a nd  ends 
with am putation o f  the lim b .. . .

“When she was 4 days old it was observed that her right leg 
was bent to an obtuse angle ju s t  below its middle; it m ay have 
been so a t or before birth. The bones were entire, bu t when she 
was 3 years old a bone setter broke them, m ade the leg straight, 
a n d  so fixed  it a nd  kept it straight fo r  some long time. B u t the 
fracture was no t repaired, a n d  all m eans employed to obtain  
union  completely failed.”

The leg could be bent in all directions and was amputated.

A w k l e  F p a c t u p e s

Today most ankle fractures that are likely to give future prob
lems are fixed internally and become asymptomatic. But in the past 
ankle fractures were a source of lifelong disability because joint 
incongruity was uncorrected.

These fractures were another example of doctors not knowing 
exactly what they were treating, having ineffective methods of 
treatment available, and not having any means to monitor position.

During the centuries up to 1800, ankles were repositioned to 
minimize obvious deformity, and the patient lay down with a
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splint until the pain settled. For the next hundred years much 
experimentation was done to try to relate the mechanism of injury 
to the fractures produced. One might think that this would be a 
simple exercise, but even today it remains controversial. Both 
Dupuytren and Maisonneuve in France compared the fractures that 
could be produced in cadavers with the fractures in patients. 
Maisonneuve’s name is attached to the fracture he produced by 
externally rotating the foot—a diastasis of the ankle with a proximal 
fracture of the fibula—commonly missed unless a film of the whole 
leg is ordered.

The coming of X-rays and internal fixation about the same time 
transformed the means of diagnosis, treatment, and monitoring of 
fractures.

When Lauge was preparing his classification of ankle fractures, 
he wrote a 60-page history of ankle fractures, providing all the 
references and comments in an easily obtained journal for future 
aspiring authors.

Pott's FmctwFC

Some years after Pott had suffered a compound fracture of the 
tibia, he wrote this account. Judging from his son-in-law’s descrip
tion of the injury, it is unlikely that he suffered the fracture that 
bears his name.

REMARKS ON FRACTURES AND 
DISLOCATIONS

PERCIVALL POTT, 1769

“There is a case which, according to the general m anner o f  
treating it, gives infinite p a in  an d  trouble both to the pa tien t 
an d  surgeon, a n d  very frequently ends in the lameness a nd  
disappointm ent o f  the former, a n d  the disgrace a n d  concern o f  
the latter—I  m ean the fracture o f  the fibu la  attended w ith a 
dislocation o f  the tibia.

“Whoever will take a view  o f  the leg o f  a skeleton, will see 
that although the fibu la  be a very small an d  slender bone, atid  
very inconsiderable in strength, when compared with the tibia, 
ye t the support o f  the lower jo in t  o f  tha t lim b (the ancle), depends 
so much on this slender bone, tha t w ithout it the body would  
not be upheld, nor locomotion performed, w ithout hazard o f  
dislocation every moment. The lower extremity o f  this bone, 
which descends considerably below the end  o f  the tibia, is by 
strong a nd  inelastic ligaments firm ly  connected with the last- 
nam ed bone, a nd  w ith the astragalus, or that bone o f  the tarsus 
which is principally concerned in fo rm in g  the jo in t  o f  the ancle.

“I f  the tibia only be broken, a nd  no act o f  violence, indiscre
tion, or inadvertence be committed, either on the p a r t o f  the 
p a tien t or o f  those who conduct him, the lim b m ost com m only  
preserves its figure an d  length; the sam e thing generally happens 
i f  the fibu la  only be broken, in all tha t p a r t o f  it which is superior

Pott's fracture.
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to letter A in the annexed figure, or in any p a r t o f  it between its 
upper extremity, a n d  w ith in  two or three inches o f  its lower one.

“When, by leaping or jum ping , the fibu la  breaks in the weak  
part; tha t is, w ithin two or three inches o f  its lower extremity, the 
inferior fractured end o f  the fibu la  fa lls inw ard toward the tibia, 
tha t extremity o f  the bone which fo rm s the outer ancle is turned  
som ew hat outivard a n d  upward, a nd  the tibia having lost its 
proper support, an d  n o t being o f  itself capable o f  steadily preserv
ing its true perpendicular bearing, is forced o ff  fro m  the astraga
lus inwards, by which m eans the w eak bursal, or com m on liga
m en t o f  the joint, is violently stretched, i f  no t torn, a nd  the strong 
ones, which fasten  the tibia to the astragalus a n d  os calces, are 
always lacerated; thus producing a t the sam e tim e a perfect 
fracture a nd  partia l dislocation, to which is sometim es added a 
w ound  in  the integuments, m ade by the bone a t the inner ancle. 
By this m eans a nd  indeed as a necessary consequence, all the 
tendons which pass behind or under, or are attached to the 
extremities o f  the tibia an d  fibula, or os calces, have their natural 
direction a nd  disposition so altered, tha t instead o f  perform ing  
their appointed actions, they all contribute to the distortion o f  
the foot, a n d  that by turning it outw ard a n d  upward.

“When this accident is accompanied, as it sometimes is, with  
a w ound o f  the integum ents o f  the inner ancle, a7id tha t m ade  
by the protrusion o f  the bone, it no t infrequently ends in a fa ta l  
gangrene, unless prevented by timely am putation, though I  have 
several times seen it do very well without. B u t in its m ost simple 
state, unaccom panied w ith any wound, it is extremely trouble
som e to p u t  to rights, still more so to keep it in order, a nd  unless 
m anaged w ith address a nd  skill, is very frequently productive  
both o f  lameness a nd  deform ity ever after!’

DUPUYTREN'S FRACTURE
1819

Baron Dupuytren gave a lecture on fractures and dislocations 
of the ankle, describing the varieties that he had observed, and, in 
an appendix, provided a statistical analysis of their frequency and 
outcome.

“Dislocation o f  the fo o t outwards a nd  upivards. This fo rm  o f  
displacement is so rare tha t I  have only seen it once in nearly 
two hundred cases o f  fractured fibu la  which have fallen under 
m y observation in the last fifteen years. It involves no t only 
fracture o f  the fibula, bu t also laceration o f  the strong tibio- 
peroneal ligaments, which generally resist a force to which the 
osseous tissue itself yields. The follow ing is the remarkable case 
to which I  refer.

♦ CASE XVI
"Fracture of the fibula and rupture of ligaments, with disloca
tion of the foot upwards and outwards. C. N. Guillemain, a 
joiner, aged 54, of sanguine temperament, was coming half
drunk out of a pot-house, for the purpose of making water, 
when, reeling along in a hurried manner, he came to an
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inclined and slippery piece of ground, where he fell, his right 
leg being extended outwards from the body, the weight of 
which it had to sustain together with the superadded momen
tum of the fall. Being unable to walk, he was immediately 
conveyed to the Hotel-Dieu. This occurred in the winter of 
1816.

"When admitted, the presence of the usual signs indicat
ing fractured fibula low down were readily detected; but what 
most attracted attention was the shortness of the leg, together 
with the almost doubled interval comprised between the mal
leoli, and the prolongation of the tibia downwards to a level 
with the sole of the foot: the astragalus and outer malleolus, 
with the whole of the foot, were drawn up on the outer side 
of the tibia, two inches above their normal position. All these 
signs left no doubt that the ligaments connecting the tibia and 
fibula were torn through, and that the foot was dislocated 
outwards and upwards, carrying with it the outer malleolus.

"The swelling, tension, and pain momentarily increasing, 
it was necessary at once to reduce the parts; and this was 
satisfactorily accomplished after the patient had been bled. 
The foot and leg then resumed their natural form and direction 
and my apparatus for fractured fibula was forthwith applied, 
and an evaporating lotion laid over the joint.

"On the following day the apparatus was removed with 
a view to re-apply it, and in consequence of an involuntary 
contraction of the muscles, the parts were again thrown out 
of place: the reduction was more readily affected this time by 
distracting the attention of the patient, and the apparatus was 
again adjusted: a second bleeding was ordered, and low diet 
prescribed.

"On the third day the tension, swelling, and pain had 
nearly subsided; and from this time, strange to say, considering 
the serious mischief which must have existed, the case pro
ceeded as if it had been one of simple fracture; so that on the 
thirty-sixth day the patient began to walk with crutches, and 
there was not the slightest irregularity in the form of the 
injured limb. He speedily regained his strength; and when 
seen six months afterwards, he retained only the recollection 
of the accident, without any of the consequences which it 
originally threatened".

F^actwTes of the Foot

Albert H. Freiberg  (1868 —1940)

Freiberg spent all his life in his birthplace, Cincinnati, apart 
from a period of study in Germany and Austria. He established 
himself as an orthopaedic surgeon in the city and played an im
portant part in the establishment of orthopaedic facilities there. 
His influence on the development of American orthopaedics was 
felt for two reasons: first, he was an active medical author, one of 
the leaders of thought—he has been called the philosopher of ♦ Albert H. Freiberg
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orthopaedic surgery. The second reason for his eminence was his 
conmitteemanship; an able, kindly speaker, he had the ability to 
turn discussions.

He is best remembered for being the first to describe flattening 
of the head of the second metatarsal. It is interesting to note that 
he considered that it was an injury. Since then opinion has swung 
toward osteochondritis and back again; most people would now 
agree that Freiberg was right.

In 1910-1911 he was president of the American Orthopaedic 
Association. Freiberg spent World War I at the Walter Reed Hospi
tal.

INFRACTION OF THE SECOND 
METATARSAL BONE: A TYPICAL INJURY 

ALBERT H. FREIBERG, 1914

“I  have often fo u n d  thickening o f  such degree in the second 
metatarso-phalangeal jo in t  that I  have sought fo r  organic change 
in the radiogram; always w ithout find ing  it, however, un til I  
encountered Case 1 o f  the series which I  am  now reporting. In  
this case I  fe lt  justified  in the diagnosis o f  infraction o f  the distal 
end o f  the second metatarsal, a condition which I  have thus fa r  
fa iled  to f in d  described in literature.

“During the p a st fe w  years I  have encountered six cases o f  
infraction o f  the distal end o f  the second metatarsal bone. I  feel 
justified  in speaking o f  it as a typical injury because in each o f  
m y six cases no t only was the sam e bone end involved, bu t the 
conditions under which the patients presented themselves were 
very similar, as was also the character o f  the traum a which  
produced the lesion.

Freiberg’s infraction. This girl of 16 years injured her foot at 
tennis 6 m onths earlier and suffered an infraction of the 
second metatarsal head and a small loose body. 1914.
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“Ten years ago the first p a tien t in w hom  I  recognized this 
lesion was referred to m e by Dr. E. W. Mitchell, o f  Cincinnati. The 
p a tien t was a girl o f  sixteen. She had  been suffering fro m  pa in  
in the ball o f  the fo o t fo r  about six months. The p a in  was 
precisely like that which we so often encounter in the metatarso
phalangeal region in connection w ith static incompetence o f  the 
foot. A t the tim e I  exam ined the p a tien t she com plained o f  p a in  
in weightbearing only. In  attem pting any unusua l exertion, as 
in w alking considerable distances, she was compelled to limp  
an d  the p a in  became severe.

“The p a tien t was quite sure that the condition dated fro m  
an d  was due to a  gam e o f  tennis in  which she “stubbed” her foot. 
The p a in  was severe a t the time; it was considered a sprain a nd  
she was able to be about the next day.

“My exam ination disclosed a well fo rm ed  a nd  apparently 
strong foot. The m etatarsophalangeal articulation o f  the second 
toe was thickened, on palpation, a nd  very tender to pressure. 
Passive m ovem ent o f  this jo in t  was very p a in fu l an d  accom
plished by slight grating. The X-ray showed quite clearly that the 
distal end o f  the second metatarsal had been crushed in, causing 
the articular surface to lose its curved outline. There was appar
ently a small loose body in the jo in t  about two mm. in  diameter.

“The treatm ent consisted in applying a fe lt  p a d  to the p lan tar  
surface o f  the fo o t by means o f  adhesive plaster, so that its 
anterior end was placed ju s t  back o f  the injured joint. In  this 
case I  also had  a steel p la te inserted between the layers o f  the 
sole o f  the boot in order to deprive the fo o t o f  the m otion in the 
metatarsophalangeal joints, in walking. I  have no t done this in 
m y later cases.

“The p a tien t was able to w alk painlessly w ithout the p a d  
w ithin six weeks a nd  has had  no fu rth er  trouble w ith this foot.

“Three o f  m y six cases have shown loose bodies in the radio
gram, a nd  grating upon exam ination. In  two o f  these three cases 
I  was unable to give definite relief by mechanical support alone  
and, therefore, removed the loose bodies by m eans o f  an arthro- 
tom y fro m  the dorsal surface o f  the foot. This resulted in entire 
relief fro m  discomfort a n d  pain.

“It is a curious fa c t that in two o f  the six  cases, no injury  
whatever could be recalled by the patients in spite o f  careful 
questioning on m y part. In one o f  these cases operative removal 
o f  small corpora libera was necessary. I  have no doubt o f  the 
traum atic origin o f  these three cases.

“Two o f  m y cases were w om en below middle age, bu t the 
rem aining fo u r  were girls under eighteen years o f  age.

“The cases w ith loose bodies will require arthrotom y as 
a rule.

“N ot a little interest attaches to the m echanism  by which this 
injury to the fo o t takes place. Under norm al circumstances the 
second metatarsal bone is slightly longer than the first. In  the 
presence o f  a d im inished pow er o f  toe flexion  a n d  especially o f  
the great toe, it  is apparent that forcible im pact o f  the ball o f  the 
fo o t against the ground not sufficiently guarded by the flexor
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pow er o f  the toes will cause the distal end o f  the second m etatar
sal to bear the brunt o f  the blow. I t seems likely to me tha t we 
have here the explanation o f  the m echanism  o f  this injury.”

For many years patients lay in bed until a fracture of the femur 
or tibia had united. Then Erichsen advised nonweight-bearing casts 
in 1878, Krause in Germany in 1891 started weight bearing, and 
the practice was adopted in Brooklyn in 1893. An editorial in 1896 
describes this break with a thousand-year tradition.

“It is evident tha t m ost fractures o f  the lower extremity m ay 
be safely treated by apparatus which will early perm it the injured  
lim b to be actively used in locomotion. As a result the tedium  
a n d  disadvantage o f  prolonged detention fro m  the activities o f  
life m ay be avoided, the a m o u n t o f  m uscular atrophy a nd  jo in t 
stiffness incident to disuse o f  the limb m ay be much lessened, 
an d  the restoration o f the fu l l  fu n c tio n  o f  the lim b after consoli
dation m ay be expedited, a more vigorous state o f  nutrition in 
the injured parts will be maintained, a n d  the possibilities o f  
delayed or non-union will be lessened: in the aged a nd  in alcohol
ics the ability to early get the patients up a nd  about will tend to 
prevent the development o f  the hypostatic congestions a nd  the 
nervous disturbances to be feared  in such patients; a nd  finally, 
the beds o f  hospitals, which otherwise would be encumbered by

For years all lower limb fractures were treated 
by putting the patient to bed with a splint. This 
is one of the earlier attempts at mobilizing the 
patient. From M Mayor, Paris: 1835.
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such patients fo r  m any weeks, m ay be em ptied after a fe w  days, 
a nd  opportunity fo r  the reception o f  new patients made.”

The ambulatory treatment was carried a step further to be
come the functional treatment. Ernst Dehne in El Paso was an early 
vocal advocate. But the enthusiasm and good results of Augusto 
Sarmiento of Miami influenced everyone. Ele allowed the joints 
above and below the fracture to move and expected the limb to 
be used.

“Fracture bracing is predicated on the belief that im m obiliza
tion o f  the jo in ts  above a nd  below the fracture is no t necessary 
fo r  fracture healing. I t  proposes also tha t the soft tissues o f  the 
injured extremity p lay a m ajor role in providing the necessary to 
allow uninterrupted osteogenesis.” A series of animal experiments 
showed that both immobilization and plating resulted in less callus 
and less strength than in functionally treated fractures.

“By instrum enting fracture braces on patients w ith fresh  
over-riding fractures o f  the tibia a nd  fibula, it was shown that 
the soft tissues o f  the lower leg bear over 80% o f  the loads placed  
on the limb. The fracture brace supports only 17% o f  actual loads. 
The brace, therefore, is no t the m ajor load bearing structure.

“The brace encapsulates the soft tissues o f  the extremity so 
that extrusion o f  the water-like tissues cannot occur. Cineradiog
raphy tests conducted on patients w ith fresh fractures o f  the tibia 
indicate tha t m otion a t the fracture site occurs quite readily 
even w ith low levels o f  load. These displacements, however, are 
recoverable as dem onstrated by the fa c t tha t the fragm ents re
turned to their initial position once loads on the lim b were 
relaxed. The fragm ents move but return to their initial position  
w ithout allowing progressive deform ity to occurf

The brace was applied as soon as the acute symptoms subside 
and was abandoned if an acceptable reduction and alignment could 
not be maintained.

THE WALKING CAST FOR A FRACTURE OF THE 
TIBIA
1891 Fedor Krause put on a cast with little padding and a cast 

shoe.
1897 Paul Reclus used the proximal flare to take most of the 

weight.
1929 Lorenz Bohler in Vienna popularized the skintight 

cast—directly on the skin, hairs and all. This allowed the leg 
to rest while the rest of the body was active. Others found 
this hard to replicate.

1930 Winnett Orr: pins and plaster
1950 Ernst Dehne prom oted aggressive early weight bearing to 

avoid nonunion.
1967 Augusto Sarmiento applied prosthetic principles and came 

up with the patellar tendon-bearing cast, avoiding knee stiff
ness.
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♦ John Hunter (J 728-1793)

Hunter grew up in Scotland under 
the shadow of his jealous surgeon- 
brother. He was a student and sur
geon at St. George's and spent time 
as an Army surgeon. What singled 
him out was his research. He did 
this at home and on a research farm 
in Earl's Court. He transplanted tis
sues, looked at bone and tendon 
healing, and so on. As a surgeon- 
scientist he saw everything as a re
search question , and he inspired 
many fo llo w ers— includ in g  Dr. 
Ph ys ick , the Father of surgery in 
Philadelphia. If you visit London you 
should go to Hunter's Museum at 
the Royal C o llege of Surgeons; 
though blitzed during World W ar II, 
it is still huge and contains speci
mens selected to illustrate principles 
and laws of nature.

RUPTURE OF THE TENDO ACHILLIES: AN 
AFFECT OF THE LARGE TENDON OF THE 

HEEL
PARE, 1575

“ It o ft times is rent or torn by a sm all occasion w ithout 
any sign o f  injury or solution o f  continuity apparent on the 
outside as by a little jum p, the slipping aside o f  the foot, the too 
nim ble getting on horseback, or the slipping o f  the fo o t ou t o f  the 
stirrup in m ounting  into the saddle. When this chance happens, 
it will give a crack like a coachm an’s whip; above the head where 
the tendon is broken the depressed cavity m ay be fe lt w ith your  

finger; there is great p a in  in the p a r t and  the p arty  is no t able to 
go. This mischance m ay be am ended by long lying an d  resting 
iii bed an d  repelling medicines applied to the p a r t . . .  neither 
m ust we hereon prom ise to ourselves or the p a tien t certain or 
absolute health. B u t on the contrary a t the beginning o f  the 
disease we m ust foretell that it w ill never be so cured, and  that 
some relics m ay remain ..

RUPTURE OF THE TENDO ACHILLES

JOHN HUNTER, 1766

“On Thursday m orning a t fo u r  o ’clock the 20th February 
1766 I  broke m y Tendo Achilles. I  was ju m p in g  a nd  lighting 
upon m y toes w ithout allowing m y heels to come to the ground, 
by which means I  supported the whole weight o f  m y body upon  
the gastrocnemei a nd  solei muscles— these two jo in ed  was too 
m uch fo r  the tendon, which gave w ay a t once, by which means 
m y heel cam e to the ground. The snap (or report) m ade by the 
breaking o f  the tendon was heard all over the room. I  stood still 
w ithout being able to m ake another spring; a nd  the sensation it 
gave me was as i f  som ething had  struck the calf o f  m y leg; and  
tha t the noise was the body which had  struck m e fa lling  on the 
floor, a n d  I  looked down to see w hat it was, b u t saw nothing. I  
walked to a chair bu t could no t throw m yself forwards on my  
toes on that foot, the calf o f  the leg was extremely p a in fu l and  
was in the state o f  a cramp. I  endeavoured to take o ff the cramp 
by bending the foot, bu t fo u n d  that that m otion had no effect 
upon the contraction o f  the muscles o f  the calf o f  the leg and  
upon fu r th er  exam ination I  fo u n d  tha t the Tendo Achilles was 
broken.

“I  bound it up a t first w ith the fo o t extended, a nd  the knee  
a little bent; w ith the ends o f  the Tendon about h a lf an  inch 
distant. This bandage rem ained fo r  five  days. In  shifting the 
bandage I  had  an  opportunity o f  exam ining the parts bu t they 
were a  good deal swelled, so tha t I  could not now  tell whether 
the ends o f  the tendon were closed together or not. I  exam ined  
the parts every day, a nd  when the swelling fro m  the in flam m a
tion abated, which was in less than a  fortnight, the parts were so 
sm ooth tha t I  could n o t f in d  any inequality; the only swelling 
tha t rem ained was o f  the oedematous kind, which only swelled 
a t night a n d  was down in the morning.
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“A bou t this tim e I  fo u n d  that the left leg began to swell, 
which I  suppose was owing to m y confinement. I  then took the 
bark three or fo u r  tim es every day a n d  took a ride in a chaise 
into the country, on the 14th day, an d  fo u n d  that neither o f  the 
legs swelled so m uch that day as they had done before.

“It continued m uch the sam e fo r  about three weeks after the 
accident, when m y fo o t slipt upon a w et floor, which m ade me 
pitch upon the toe o f  tha t foot; which gave m e great pa in  a t the 
time, a n d  which continued fo r  a considerable time. Whether the 
parts were torn asunder or no t I  could no t tell, the inflam m ation  
fro m  this accident was more than the former; was now  in a good  
deal o f  p a in  upon the least m otion o f  the parts; a nd  the swelling 
was more considerable than before.

“In  about a fortn igh t after this last accident, the parts be
came again easy, a nd  the swelling abated. I  now  began to walk 
again; fo r  this purpose I  got an old shoe raised in the heel about 
an inch, w ith a strap behind to buckle to a laced bandage round  
the Calf; a nd  this was principally when I  w ent to bed tha t I  wore 
it, which was to avoid the consequence that m ight arise fro m  
any involuntary m otions in those muscles in m y sleep.

“When I  firs t began to w alk I  d id  n o t use or move the jo in t  
o f  the Ankle, therefore was obliged to turn  m y toe alm ost quite 
out to allow o f  m y body being thrown forw ards fo r  the m otion  
o f  the other leg; by this means I  avoided being thrown upon m y  
toes o f  that foot; to support which I  should have been obliged to 
have acted with m y Gastrocnemius a n d  Soleus muscles. For about 
eight weeks the sm all o f  the leg was in the m orning alm ost as 
small as the other, a n d  then I  could fin d  a thickness in the tendon  
fo r  above two inches in length.

“The shoe fo r  such cases should be either an old one, or one 
m ade on purpose fo r  the case o f  pu tting  it o ff  a n d  on. I f  an old 
one, then the heel should be principally raised on the inside.”

Chapter references are located in Chapter 26.





♦ C h a p t e r  E i g h t e e n

Uppei* Limb 
Fi*actm*es

The surgeon ought to be very cautious in delivering his prognostic 
concerning fractures. He should avoid being too hasty in promising a 
quick, easy, and certain cure, lest his art should be overcome by acciden
tal disorders, and he should be accused of Knavery or Ignorance. 
Heister (1683-1758)

The creative genius that went into designing strange-looking 
splints and gravity-defying traction for fractures of the lower limb 
overlooked the upper limb. Hippocrates used ladders to reduce 
old dislocations, and Thomas used a wrench for wrist fractures but 
no exotic kinds of immobilization. Hence, there are more words 
than pictures in this chapter.

Vet mous Patients

A ndrew  Jac k so n  (1767-1845), 7th United States President. 
At the City Hotel, Nashville, on September 4th, 1813, Jackson 
pulled a pistol on Tom Benton and before he could fire Tom’s 
brother shot him in the left shoulder. He bled through two mat
tresses, and the doctors advised amputation. The General said, as 
people do today, “I’ll keep my arm.” He was governor of Mississippi

m m

David Livingston nearly died when 
he was attacked by a lion in 1843 
during his exploration of Africa. He 
suffered an arm w ound or fracture. 
Reproduced w ith permission from 
King M: The Story of Medicine and 
Disease in Malawi. Blantyre, 1988.
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Territory at the time and before he recovered he was campaigning 
again. The arm never healed; a sequestrum was discharged the 
next year which he sent to his wife, and 19 years later a surgeon 
took the bullet out without an anesthetic.

Sir Robert Peel, British Prime Minister, was thrown by a 
horse in 1850 and sustained a fracture of the clavicle from which 
he died the next day. His care was criticized, leading The Lancet 
to write an editorial:

“As soon as surgical a id  was procured, it was fo u n d  that 
there was a com m inuted fracture o f  the left clavicle, w ith consid
erable swelling fro m  the first, ivhich, together w ith the excruciat
ing p a in  o f  the whole shoulder, rendered a m inute exam ination  
extremely difficult. A swelling as large as the ha n d  m ight cover 
subsequently fo rm ed  below the fractured clavicle, which pulsated  
to the touch synchronously w ith the action o f  the heart. When 
exam ined carefully by the eye, it was fo u n d  tha t the m ovem ent 
o f  this tum our corresponded with the contractions o f  the auricle, 
a nd  was, in some respects, sim ilar to the pulsations observed in 
the veins o f  the neck in very thin persons, an d  in certain form s  
o f  venous regurgitation. I t was evident fro m  these signs, that 
som e vein beneath the clavicle, probably the subclavian, had  
been w ounded by the broken bone a t the tim e o f  the fall; and  
tha t the subclavicular swelling consisted o f  blood effused fro m  
the w ounded vessel. I t was also evident tha t the swelling was in 
this way connected with the heart, fo rm ing  w hat m ight be called 
a diffused false venous aneurism . This ivas all that could be 
ascertained positively. Sir Robert Peel was well know n to be o f  a 
gouty habit, a n d  he was a t all tim es extremely sensitive to physi
cal pain. His sufferings during the whole o f  his b rie f illness were 
o f  the m ost agonizing kind. This m ight have arisen fro m  the 
laceration o f  som e o f  the nerves converging beneath the collar
bone, to fo rm  the axillary plexus; a complication which, as is 
well known, sometimes occurs fro m  severe fractures in this situa
tion. A fter death, one or two o f  the ribs on the left side were 

fo u n d  to be fractured, which had  no t been detected during life. 
The injuries we have referred to w oidd have been sufficient to 
cause death in such a subject; b u t there m ay possibly have been 
fu r th er  injury, or disease, resulting fro m  the accident, w ithin  
the chest.”

No autopsy was done at the request of the family. The Lancet 
had another editorial the next week defending the doctors who 
were criticized for not intervening in some way.

King William of William and Mary. Today people die in 
motor vehicle accidents. In the 18th century it was horses. King 
William was riding in Hampton Court in 1702 when the horse put 
its foot in a hole and fell. The king landed on his right shoulder, 
broke his collarbone, and died of complications 2 weeks later.

Wilhelm n. Victoria Louise, daughter of Queen Victoria, deliv
ered a child after a breech presentation in 1859. The baby boy 
sustained a fracture of the left humerus and a brachial plexus palsy. 
He became Kaiser Bill—German leader during World War I.
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Stalin had a supracondylar fracture that left him with some 
stiffness and features of Volkmann’s contracture. Every time I set 
one of these fractures I hope I am not going to produce another Sta
lin.

TIMELINE OF UPPER LIMB INJURIES
3rd century bc Hippocrates writes about many fractures, including 

reduction of a dislocated shoulder and recurrent 
dislocation.

1814 Monteggia fracture
1814 Colies fracture
1822 First description of Galeazzi fracture
1843 Rodrigues’ posterior sternoclavicular joint disloca

tion
1850 Sir Robert Peel dies of a fractured clavicle.
1870 Kocher’s maneuver
1882 Bennett’s thumb fracture
1910 Rolando’s thumb fracture
1934 Galeazzi fracture described by Galeazzi
1937 Matte bone graft for scaphoid
1948 Swenson pins for supracondylar fracture

SKouldci* Dislocation

REDUCTION OF A DISLOCATED 
SHOULDER

HIPPOCRATES, 3RD CENTURY b c

“In all dislocations, reduction is to be effected i f  possible 
immediately, while still warm, bu t otherwise, as quickly as it can 
be done; fo r  reduction will be a m uch quicker an d  easier process 
fo r  the operator, a nd  a much less p a in fu l one to the patient, i f  
effected before swelling comes on.

“Those who attem pt reduction w ith the heel operate in a 
m anner which is an  approach to the natural. The p a tien t m ust 
be on the ground on his back, while the person who is to effect 
the reduction is seated upon the ground on the side o f  the 
dislocation; then the operator, seizing w ith his h a n d  the affected 
arm, is to p u ll it, while w ith his heel in the arm pit he pushes in 
the contrary direction, the right heel being placed in the right 
armpit, a nd  the left heel in the left armpit. B ut a round bag o f  
suitable size m ust be placed in the hollow o f  the armpit; the m ost 
convenient are very sm all a nd  hard balls, fo rm ed  fro m  several 
pieces o f  leather sewn together. For w ithout som ething o f  this 
k in d  the heel cannot reach to the head o f  the humerus, since, 
when the arm  is stretched, the arm pit becomes hollow, the ten
dons on both sides o f  the arm pit m aking  countercontraction so 
as to oppose the reduction. B ut another person should be seated 
on the other side o f  the p a tien t to hold the sound shoulder, so 
that the body m ay no t be dragged along when the arm  o f  the 
affected side is pulled a nd  then, when the ball is placed in the

Vidus Vidius: Reduction of a dislo
cated shoulder, 1544. This m ust have 
been a very old dislocation to have 
required this amount of force. The 
risk of rupturing the brachial artery 
and injurying the brachial plexus 
could not have been explained to 
the patient before he signed an in
formed consent.
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♦ Theodor Kocher

Hans von Gersdorff: Traction for a 
dislocated shoulder, 1517. Today we 
treat acute dislocations the same day, 
and reduction is easy. But in the past, 
there was delay—hence these ma
chines. Some of the so-called disloca
tions may have been fracture-disloca- 
tions and incapable of stable reduc
tion.

arm pit, a supple p iece  o f  thong suffic iently broad is p laced  
around it, a n d  some person taking hold o f  its two ends is to seat 
him self above the p a tien t’s head to m ake counter extension, while 
a t the sam e tim e he pushes w ith his fo o t against the bone a t the 
top o f  the shoulder. The bag should be placed as m uch inside as 
possible, upon the ribs, a nd  no t upon the head o f  the hum erus.”

Theodor Kocher (1841—1917)

Kocher was one of the most brilliant surgeons of his day, who 
combined a mastery of basic principles, an enquiring mind, and 
superb operating technique, which was recognized by the award 
of the Nobel Prize for Medicine in 1909.

He was born in Berne and studied in Berlin, London, Paris, 
and Vienna, graduating from Berne in 1865. He became professor 
of surgery there in 1872. During the whole of his life he maintained 
an interest in surgical anatomy and surgical approaches; most days 
he would work out approaches on cadavers. This had two ortho
paedic consequences: he devised a rational technique for relaxing 
the muscles around the shoulder and easing a dislocated shoulder 
into position. One day he was in the audience watching Billroth 
and his firm trying to reduce a shoulder dislocation without suc
cess. Kocher asked if he could try his newly reasoned method. He 
succeeded, and later published his technique in 1870.

The other consequence of his study of surgical approaches 
was a remarkable book, which was translated into English, describ
ing a tremendous variety of incisions, many of which remain clas
sic. It is well w orth consulting.

One feels that Kocher used orthopaedics only to sharpen his 
wits for his main interest—thyroid disease, to which he contributed 
so much. In addition, he wrote widely and deeply on many topics, 
and invented surgical instruments as he needed them, without 
thinking it anything but commonplace. When he died, Moynihan 
wrote an epitaph worth bearing in mind: he had a “freedom from 
prejudice for his own intellectual progeny.”
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KOCHER'S METHOD OF REDUCTION OF A 
DISLOCATED SHOULDER

1870

“Bend the arm  a t the elbow, press it against the body, rotate 
outwards till a resistance is felt, lift the externally rotated upper 
arm  in the sagittal p lane as fa r  as possible forwards, a nd  finally  
turn inwards slowly.”

This is taken from a long, closely reasoned article confusingly 
illustrated by six engravings, some of which are printed upside 
down.

Kocher worked out his technique on cadavers. He aimed at 
bringing the greater tuberosity of the humerus into contact with 
the glenoid rim to act as a fulcrum. This was achieved by flexing 
the externally rotated shoulder, which also relaxed the upper ante
rior part of the capsule that would otherwise form a tense cord. 
When the arm is internally rotated, the head pivots on the fulcrum 
and slips into the glenoid.

Kocher claimed these advantages of the m ethod—it was pain
less because movements were not forced, and it did not require 
either anesthesia or assistants. It was only suitable for subcoracoid 
dislocations with three provisos: that capsular damage was not so 
extensive that the bone surfaces were not held apposed, that 
neither the glenoid rim, nor the greater tuberosity, were fractured, 
which would also prevent them from pivoting one on the other.

Posterior Dislocation of the Shoulder

Astley Cooper was one of the first to describe this. He encoun
tered two cases in 38 years. His description shows the change in 
the style of medical writing. There is a big change between what 
he believed was important and what seems important today when 
we are reading it. The history is full of information that we would 
regard as inconsequential, and it is not in the style of a textbook.

“The gentleman, to w hom  the dislocation o f  the head o f  the 
hum erus upon the dorsum  scapulae occurred, was Mr. Collinson, 
who was about 3 6  years o f  age, 6  fee t high, a nd  unusually 
muscular. The injury occurred in the neighbourhood o f  Windsor, 
in consequence o f  his horse fa lling  with him, by which he was 
thrown over the a n im a l’s head. He applied to a surgeon a t 
Windsor, b u t the character o f  the injury was no t detected. He 
returned in a post-chaise to his own house when M r Hacon and  
m yself saw  him. The shoulder had  lost its usual roundness; the 
arm  could be m oved considerably either upwards or downwards; 
but the motion, either in the anterior or posterior direction, was 
very limited. On raising the arm  to a right angle w ith the side, 
the direction o f  the lim b was obviously behind the glenoid cavity, 
and  by placing the hand  over the dorsum  scapulae, and  then  
rotating the arm, the head o f  the bone was fe lt to obey the 
rotating motion.”
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♦  Hugh Owen Thomas (1834- 
1891)

This short, quick man, seen around 
the streets of Liverpool always wear
ing a black coat buttoned up to the 
neck and a second-mate's discharge 
cap and smoking a cigarette, came 
from a line of Anglesey bonesetters. 
His father was a successful boneset- 
ter in Liverpool and sent all his sons 
to medical school. After a brief pe
riod working with his father, he be
came a general practitioner on his 
own. He never had a hospital ap
pointment and made a point of treat
ing his patients at home. Perhaps 
with managed care we w ill all be 
doing this in the future. His special 
interests were lithopaxy, the man
agement of the acute abdomen, and 
orthopaedics. His ideas became ac
cepted despite his unconventional 
background and his intolerance of 
others.

He w as an advocate of en
fo rced , prolonged, and un in ter
rupted rest for the treatment of tuber
culous jo in ts . H is arm entarium  of 
sp lints w as superb ly designed to 
ach ieve  th is and rem ain w id e ly  
used: he devised the cervical collar, 
metatarsal bar, heel wedges, and the 
knee sp lin t that is now  ca lled  a 
Thomas splint. He was able to fit a 
patient at a few moments' notice.

Robert Jones, his nephew, was 
brought up by Thomas and assisted 
him for a while ; later Jones popular
ized Thomas' ideas and added his 
ow n , estab lish ing  the "L ive rp o o l 
School" of orthopaedics.

Thomas published a number of 
books written in a polemic style that 
gives a good idea of his character 
and ideas. For example, "The crying 
evil of our art is the fact that much 
of our surgery is too mechanical, our 
medical practice too chem ical: and 
there is a hankering to interfere, 
which thwarts the inherent tendency 
to recovery possessed by all persons 
not actually dying."

He reduced the dislocation by traction. It snapped back and 
functioned well.

The second case happened during an anatomy lecture at Guy’s 
Hospital. All the class rushed out to watch the lecturer reduce the 
dislocation.

"P u lle d  £ d b o w

Toddlers, yanked along by adults, cry over this common injury, 
which is so easily treated by a manipulation. Attempts to explain 
this phenom enon began in 1671 with Fournier suggesting that the 
radius moved distally.

Duverney in 1751 wrote about it in his book Maladies des Os. 
He pointed out that it occurred in small children who had the 
wrist pulled. The child opposed supination, and he believed that it 
was due to the radial head being pulled through the orbicular 
ligament. Pingaudin in 1878 confirmed this in cadavers. Since then 
there have been so many cadaver studies and speculations that 
Poland could spend six pages reviewing the papers written before 
the invention of X-rays. Here is one of them.

PULLED ELBOW
HUGH OW EN THOMAS, 1883

“This accident is invariably the result o f  applying traction 
a n d  pronation  by grasping the hand  o f  the infant.

“The m other or servant by whose agency the accident oc
curred often brings the child fo r  advice, a n d  informs the surgeon 
tha t she only pulled  h im  by the hand, which caused him  to 
stumble whilst still held by the hand, a nd  since then the arm  had  
been disabled, and  tha t the in fan t com plained i f  any attem pt 
were m ade to fle x  the elbow.

“On exam ination, the surgeon finds that the arm  lies depen
dent, slightly flexed, a nd  pronated, a nd  that the child dreads 
being touched. I f  the arm  be forcibly flexed  a nd  manipulated, it 
m ay or m ay no t be instantly relieved—but this is not w hat the 
surgeon ought to do. There is a m ethod which—i f  follow ed—is 
painless to the child, is im m ediately effectual, a nd  favourably  
impresses any observers. We will here suppose tha t it is the right 
elbow. The surgeon m ust very gently grasp the child’s hand with 
the thum b a nd  index finger o f  his own right hand, p lanting  his 
thum bs in the pa lm ar base o f  the child’s thum b while the index  
finger hooks round the ulnar edge a nd  back o f  the child’s hand, 
then placing the olecranon p o in t o f  the child’s elbow in the 
cupped p a lm  o f  the surgeon’s left hand, let h im  supinate the arm, 
a nd  a t the sam e tim e fu lly  extend it, using the cupped palm  o f  
the left hand  as a fu lcrum ; a nd  now  the surgeon in nearly every 
case will fee l a click o f  som e p a rt slipping into place, and  then 
let h im  instantly fle x  the elbow a n d  f ix  it in a sling.

“The procedure is painless a nd  the relief instant, an d  in 
nearly every case the little patient, after this operation, expresses 
a desire to use the elbow.”
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WVist Fmctm*es

Fractures close to a joint were thought to be dislocations for 
2000 years, and so fractures of the distal radius were thought to 
be dislocations of the w rist—something almost unknown. Then, in 
the last century, dissections and clinical studies revealed several 
kinds of wrist fracture—Colies’, Smith’s, and Barton’s. With the 
arrival of X-rays, the individual patient stood a chance of having 
the nature of the injury recognized in all its subtlety and knowing 
whether the deformity had been corrected.

Wrist fractures in children were known often to be epiphyseal 
separations and residual deformity was corrected.

ON FRACTURE OF THE CARPAL 
EXTREMITY OF THE RADIUS

ABRAHAM COLLES, 1814

“The injury to which I  wish to direct the attention o f  sur
geons has not, as fa r  as I  know, been described by any other 
author; indeed the fo rm  o f  the carpal extremity would rather 
induce us to question its being liable to fracture. The absence o f  
crepitus, a nd  o f  the other com m on sym ptom s o f  fracture, together 
with the swelling which instantly arises in  this, as in other 
injuries o f  the wrist, render the difficulty o f  ascertaining the real 
nature o f  the case very considerable.

“This fracture takes place about an inch a nd  a h a lf above 
the carpal extremity o f  the radius, a nd  exhibits the follow ing  
appearances: The posterior surface o f  the lim b presents a consid
erable deformity; fo r  a depression is seen in the fore-arm, about 
an inch a nd  a h a lf above the end o f  this bone, while a consider
able swelling occupies the wrist a nd  metacarpus. Indeed the 
carpus and  base o f  the metacarpus appear to be thrown back
wards so m uch as on first view to excite a suspicion that the 
carpus had  been dislocated forward.

Reduction of a dislocated elbow by 
means of a knee in the bend of the 
elbow. From Hamilton FH: [An im
portant] Treatise on Fractures and 
Dislocations, I860.

John Poland made this dissection in 1883. A 12 year old boy 
was sliding down the bannister of a warehouse w hen he 
overbalanced and fell to his death from the third floor. The 
pathology of a type II separation of the distal radius can be 
seen. The posterior stripping and the anterior tear of the 
periosteum  are shown.
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♦ Abraham Colles (1773-1843)

Colles was born near Kilkenny, Ire
land. The story goes that while he 
was at school, a flood swept through 
the local doctor's house, carry ing 
aw ay his possessions. O ne of his 
anatomy books landed near the Col
les' home. Abraham found it, and 
on returning it to the doctor, he was 
made a present of the book. This 
is thought to have turned his mind 
toward medicine.

He trained at Dublin and then 
went to Edinburgh for postgraduate 
study. After obtaining the degree of 
M .D . in 1797, he walked from Edin
burgh to London. The following year 
he settled in surg ica l p ractice  in 
Dublin, and was elected President 
of the Royal College of Surgeons of 
Ireland at the age of 29. He wrote a 
book on surgical anatomy in 1811 
and a paper on clubfoot in 1818. 
His paper on radial fractures was 
published in 1814, followed in 1837 
by a book on venereal disease and 
the use of mercury. An early riser, he 
ran one of the most lucrative prac
tices in Dublin.

"As an operator he has many 
equals, and some superiors; but in 
advice, from long experience and a 
peculiar tact in discovering the hid
den causes of d isease, he has 
scarcely a rival." So wrote a contem
porary.

Teachers often complain that to
day's doctors cannot write plain En
glish. The long-winded, chaotic de
scription shows that we are better 
than some 19th century writers. If 
we had to learn orthopaedics from 
books written by Colles, we would 
lose the power of logical and or
derly thought.

Fracture remodeling, 1896. John Poland started to look after this boy 
about six weeks after injury. The lower picture shows the appearance 
two years later.

“On observing the anterior surface o f  the limb, we observe 
a considerable fullness, as i f  caused by the flexor tendons being 
thrown forwards. This fu llness extends upwards to about one 
third o f  the length o f  the fore-arm, a nd  term inated below a t the 
upper edge o f  the annular ligam ent o f  the wrist. The extremity 
o f  the ulna is seen projecting towards the p a lm  and  inner edge 
o f  the limb; the degree, however, which this projection takes is 
different in different instances.

“I f  the surgeon proceeds to investigate the nature o f  this 
injury he will f in d  that the end  o f  the ulna adm its o f  being 
readily m oved backwards a nd  forwards.

“On the posterior surface he will discover, by the touch, that 
the swelling on the wrist a nd  metacarpus is not caused entirely 
by the effusion am ong the soft parts; he w ill perceive that the 
ends o f  the metacarpal a nd  second row o f  carpal bones fo rm  no 
sm all p a rt o f  it. This, strengthening the suspicion which the first 
view o f  the case had excited, leads h im  to examine, in a more 
particular manner, the anterior p a r t o f  the joint; b u t the w ant o f  
tha t solid resistance which a dislocation o f  the carpus forwards 
m ust occasion forces h im  to abandon this notion, and  leaves 
him  in a state o f  perplexing uncertainty as to the real nature o f  
the injury. He will, therefore, endeavour to gain some inform a
tion by exam ining the bones o f  the forearm. The facility  with 
which (as was noticed) the ulna can be moved backwards and  
forw ards does no t fu rn ish  h im  with any useful hint. When he 
moves his fingers along the anterior surface o f  the radius he finds  
it more fu l l  a n d  prom inen t than is natural; a sim ilar exam ina
tion o f  the posterior surface o f  this bone induces h im  to think  
tha t a depression is fe lt  about an  inch and  a h a lf above its carpal 
extremity. He now expects to fin d  satisfactory proofs o f  a fracture  
o f  the radius a t this spot. For this purpose he attempts to move



Chapter 18 ♦ Upper Limb Fractures 403

the broken pieces o f  bone in opposite directions; blit, although  
the p a tien t is by this exam ination excited by considerable pain, 
ye t neither crepitus nor a yielding o f  the bone a t the seat o f  the 
fracture, nor any other positive evidence o f  the existence o f  such 
an injury, is thereby obtained. The p a tien t complains o f  severe 
pa in  as often as an a ttem pt is m ade to give to the lim b the 
motions o f  pronation a n d  supination.

“I f  the surgeon lock his hand  in tha t o f  the p a tien t a nd  make  
extension, even with considerable force, he restores the lim b to 
its natural form , bu t the distortion o f  the limb instantly returns 
on the extension being removed. Should the facility w ith which a 
moderate extension restores the lim b to its fo rm  induce the 
practitioner to treat this as a case o f  sprain, he will find, after a 
lapse o f  tim e sufficient fo r  the removal o f  sim ilar swellings, the 
deformity undiminished, Or, should he mistake the case fo r  a 
dislocation o f the wrist, a nd  attem pt to retain the parts in situ  
by tight bandages a nd  splints, the p a in  caused by the pressure 
on the back o f  the wrist will force h im  to unbend them in a fe w  
hours; a nd  i f  they be applied more loosely, he will find, a t the 
expiration o f  a  fe w  weeks, that the deformity still exhibits in its 
fu llest extent, a nd  tha t it is now  no longer to be removed by 
m aking extension o f  the limb. By such m istakes the p a tien t is 
doom ed to endure fo r  m any m onths considerable lameness and  
stiffness o f  the limb, accompanied by severe pa ins on attem pting  
to bend the hand  a n d  fingers. One consolation only remains, that 
the lim b a t some remote period  will again enjoy perfect freedom  
in all its motions, a nd  be completely exem pt fro m  pain; the 
deformity, however, w ill remain undim inished throughout life.

“The unfavourable result o f  som e o f  the first cases o f  this 
description which came under m y care forced me to investigate 
with peculiar anxiety the nature o f  the injury. B u t while the 
absence o f  crepitus an d  o f  the other usual sym ptom s o f  fracture  
render the diagnosis extremely difficult, a recollection o f  the 
superior strength a nd  thickness o f  this p a r t o f  the radius, jo in ed  
to the m obility o f  its articulation with the carpus a nd  ulna, 
rather inclined m e to question the possibility o f  a fracture taking  
place a t this p a r t o f  the bone. A t last, after m any unsuccessful 
trials, I  h it upon the following simple m ethod o f  exam ination  
by which I  was enabled to ascertain tha t the sym ptom s above 
enum erated actually rose fro m  a fracture seated about one and  
h a lf inches above the carpal extremity o f  the radius.

“Let the surgeon apply the fingers o f  one hand  to the seat o f  
the suspected fracture, and, locking the other hand  in tha t o f  the 
patient, make a moderate extension until he observes the limb  
restored to its natural form . As soon as this is effected let him  
move the p a tien t’s hand  backwards atid  forwards, a nd  he will a t 
every such attem pt be sensible o f  yielding o f  the fractured ends 
o f  the bone, an d  this to such a degree as m ust remove all doubt 
fro m  his mind.

“The nature o f  this injury, once ascertained, will be a very 
easy m atter to explain the different phenom ena attendant on it, 
and  to p o in t ou t a m ethod o f  treatm ent which w ill prove com
pletely successful. The hard swelling which appears on the back



404 Chapter 18 ♦ Upper Limb Fractures

o f  the hand  is caused by the carpal surface o f the radius being 
directed slightly backwards instead o f  looking directly down
wards. The carpus an d  metacarpus, retaining their connections 
with this bone, m ust follow  it in its derangements a nd  cause 
the convexity above alluded to. This change o f  direction in the 
articulating surface o f  the radius is caused by the tendons o f  the 
exterior surface o f  the thumb, which pass along the posterior 
surface o f  the radius in  sheaths firm ly  connected with the inferior 
extrem ity o f  this bone. The broken extremity o f  the radius being 
thus draivn backwards causes the ulna to appear prom inen t 
towards the p a lm a r surface, while it is probably thrown more 
towards the inner or ulnar side o f  the lim b by the upper end o f  
the fragm en t o f  the radius pressing against it in tha t direction. 
The separation o f these two bones fro m  each other is facilitated  
by a previous rupture o f  their capsular ligament, an event which 
m ay be readily occasioned by the violence o f  the injury. A n  
effusion in the sheaths o f  the flexor tendons will account fo r  that 
swelling which occupies the lim b anteriorly.

“It is obvious tha t in the treatm ent o f  this fracture our 
attention should be principally directed to guard against the 
carpal end o f  the radius being drawn backwards. For this p u r
pose, while assistants hold the lim b in  a middle state between 
pronation a n d  supination, let a thick a nd  firm  compress be 
applied transversely on the anterior surface o f  the limb, a t the 
seat o f  the fracture, taking care that it shall no t press on the 
ulna; let this be bound on firm ly  w ith a roller an d  then let a tin 
splint, fo rm ed  to the shape o f  the arm, be applied to both its 
anterior a nd  posterior surfaces. In cases where the end o f  the 
ulna is much displaced, I  have laid a very narrow wooden splint 
along the naked side o f  the bone. This latter splint, I  now  think, 
should be used in every instance, as, by pressing the extremity o f  
the ulna against the side o f  the radius, it will tend to oppose the 
displacement o f  the fractured end o f  this bone. I t  is scarcely 
necessary to observe that the two principal splints should be 
much more narroiv a t the wrist than those in general use, and  
should also extend to the roots o f  the fingers, spreading o u t so as 
to give a firm  support to the hand. The cases treated on this plan  
have all recovered w ithout the smallest defect or deformity o f  the 
limb, in the ordinary tim e fo r  the care o f  fractures.

“I  cannot conclude these observations w ithout remarking  
tha t were m y opinion to be drawn fro m  those cases only which 
have occurred to me, I  should consider this as by fa r  the most 
com m on injury to which the wrist or carpal extremities are 
exposed. During the last three years I  have no t m et a single 
instance o f  D esault’s dislocation o f  the inferior end o f  the radius, 
while I  have had  opportunities o f  seeing a vast num ber o f  the 
fracture o f  the lower end o f  this bone.”

♦ Claude Poutreau (T 725-1775)

Chief Surgeon at Hotel D ieu, Lyon, they w ere not d is lo ca tio ns . For the
France. He described fractures of the French they are Poutreau-Colles frac-

♦ Claude Poutreau (1725-1775) distal radius in 1783 and realized that tures.
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Sm ith’s Fracture

FRACTURE OF THE LOWER EXTREMITY OF 
THE RADIUS, WITH DISPLACEMENT OF 

THE LOWER FRAGMENT FORWARDS 
ROBERT W ILLIAM SMITH, 1847

“This is an  injury o f  exceedingly rare occurrence, a n d  one 
which presents characters closely resembling those o f  dislocation 
o f  the carpus forwards. I t  generally occurs in consequence o f  a 
fa ll upon the back o f  the hand, an d  the situation o f  the fracture  
is fro m  h a lf an  inch to an  inch above the articulation; it is 
accompanied by great deformity, the principal features o f  which 
are a dorsal a nd  a p a lm a r tumour, a nd  a striking projection o f  
the head o f  the ulna a t the posterior a nd  inner p a rt o f  the fore
arm; the dorsal tum our occupies the entire breadth o f  the fore
arm; b u t is m ost conspicuous internally, where it is constituted  
by the lower extrem ity o f  the ulna displaced backwards; fro m  
this point, the inferior outline o f  the tum our passes obliquely 
upwards an d  outwards, corresponding in the latter direction to 
the lower end o f  the superior fragm en t o f  the radius. Im m ediately  
below the dorsal swelling there is a well-marked sulcus, deepest 
internally below the head o f  the ulna, directed nearly trans
versely, b u t ascending a little as it approaches the radial border 
o f  the fore-arm.

“The pa lm ar is less remarkable than the dorsal tumour; 
fo rm ed  principally by the lower fragm en t o f  the radius, it is 
obscured by the thick mass o f  flexor tendons which cross the 
fro n t o f  the carpus, bu t towards the u lnar border o f  the limb  
there is a considerable projection, which m arks the situation o f  
the pisiform  bone, passing down to its attachm ent into which, 
can be seen the tendon o f  the flexor carpi ulnaris thrown fo r
wards in strong relief. The transverse diam eter o f  the fore-arm is 
not much altered, b u t the anteroposterior is considerably in
creased, a nd  the radial border o f  the lim b becomes concave a t 
its lowest part.

“In  the case fro m  which the preceding drawings was made, 
the patient, in endeavouring to save h im self fro m  being run over 
by a car, fe ll w ith  great violence upon the back o f  his hand; the 
lower end o f  the radius was broken a nd  driven forw ards along 
with the carpus, a n d  the head o f  the ulna was displaced back
wards.

“I  cannot speak with accuracy as to the anatom ical charac
ters o f  the injury, having never had an  opportunity o f  exam ining  
after death the skeleton o f  the fore-arm, in those who had during  
life m et w ith this accident; nor is there any preparation shewing  
the exact relative position o f  the fragments, in any o f  the pa tho
logical collections in Dublin; b u t still I  fee l satisfied that the 
injury, the external characters o f  which have ju s t  been described, 
is a fracture o f  the lower end  o f  the radius, w ith displacement o f  
the lower fra g m en t carrying the carpus forwards, an d  o f  the 
head o f  the ulna backwards, a nd  tha t it has no t unfrequently
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♦  Edward Hallaran Bennett
(1837-1907)

The son of the Recorder of Cork, 
Bennett studied at Trinity College, 
Dublin. Soon after qualifying he es
tablished himself as an anatomist at 
the University and built up a won
derful co llectio n  of specim ens of 
bone pathology, upon w h ich  he 
drew to write his papers on metacar
pal fractures, in which he mentioned 
the fracture dislocation of the thumb 
that bears his name.

In 1873 he succeeded Smith as 
professor of surgery at Trinity Col
lege. He was a stimulating teacher, 
the model of honor and uprightness, 
who never did a crooked thing and 
was blunt but not unkind. He be
came president of the Royal College 
of Surgeons of Ireland.

been m istaken fo r  dislocation o f  the carpus forwards a n d  o f  the 
bones o f  the fore-arm backwards.

“The facility, however, w ith  which the deformity can be re
moved, its ability to recur when the extending force ceases to act, 
the production o f  crepitus when the lim b is extended, a nd  a 
m otion o f  rotation given to the hand, a nd  our being able to feel 
the irregular m argin o f  the upper fra g m en t o f  the radius posteri
orly, are sufficient to enable us to distinguish this accident fro m  
luxation o f  the bones o f  the wrist forwards.”

BARTON'S FRACTURE
1838

“The accidents which are to be the principal subject o f  m y  
remarks, usually pass either fo r  sprains or dislocations o f  the 
wrist. Between these two injuries there is too great a dissim ilarity 
to adm it o f  an  excuse fo r  the surgeon who mistakes the one fo r  
the other; bu t he m ay confound with these a nd  it is a com mon  
fa u lt to do so, a su b lu xa tion  o f  the w rist, consequent to  
f r a c tu r e  through  the a r ticu la r  su rfa ce  o f  the c a rp a l ex trem 
ity  o f  the ra d iu s, although to this accident belong appearances 
exclusively its own.

“It is to the peculiar in jury tha t I  wish to draw attention. 
This accident m ust no t be confounded with those which are also 
o f  freq u en t occurrence, namely, fractures o f  the radius, or o f  the 
radius a nd  ulna, ju s t above, a nd  no t involving the jo in t.”

BENNETT'S FRACTURE: FRACTURES OF 
THE METACARPAL BONES 

E. H. BENNETT, 1882

“The specimens I  subm it are united  fractures o f  the third  
a nd  fifth  metacarpals o f  the sam e right hand, one o f  the shaft 
a nd  one o f  the base o f  the fifth, both fro m  right hands, a nd  five  
o f  the first, all fro m  the right side.

“These are the entire num ber o f  these fractures which I  have 
collected.

“O f greater interest is the fa c t tha t in each o f  the five  exam 
ples o f  fracture o f  the metacarpal bone o f  the thumb, allowing 
fo r  shades o f  difference such as m ust always exist, the type and  
character o f  the fracture is the sam e—a fo rm  a nd  type o f  fracture  
n o t hitherto described in these bones; and  i f  this series be o f  
any value as representing the ordinary injuries, the com m onest 
fracture, certainly the m ost com m on o f  thumb. All have the lines 
o f  fracture marked by changes on the articular surface which  
corresponds to trapezium. The fracture passes obliquely (a b in 
illustration)  through the base o f  the bone, detaching the greater 
p a r t o f  the articular facette w ith tha t piece o f  bone supporting it, 
which projects into the palm . The a m o u n t o f  displacement in this 
a nd  all the specimens is trivial, a nd  fro m  clinical observation o f  
the injury it is evident tha t the fra g m en t displaced is not the 
smaller, as one m ight infer fro m  an  exam ination o f  the isolated 
specimens o f  united fractures, bu t the larger— in fact, to the 
extent tha t the irregularity o f  the surface indicates that the meta-



Chapter 18 ♦ Upper Limb Fractures 407

Bennett’s fracture

carpal bone o f  the thum b undergoes subluxation backwards. In  
all these specimens the dorsal surface o f  the bone is free fro m  
any implication in the fracture, a nd  this fact, com bined w ith the 
small a m o u n t o f  displacement which occurs, renders the fracture  
one extremely liable to escape detection. The importance o f  a 
correct diagnosis o f  this in jury is illustrated by a case which I  
have had fo r  nearly two years under observation.

“A girl, aged twenty, was thrown fro m  an  outside car and  
fe ll to the ground, saving herself fro m  graver in jury by pu tting  
forw ard  her arm; she struck the ball o f  the thum b against the 
ground; a nd  a t once suffered extreme p a in  in it. Next m orning I  
saw her a t Sir P. D u n ’s Hospital, when a t first sight no injury  
was apparent beyond the swelling o f  a bruised a nd  sprained  
thumb. In handling the ball o f  the thum b I  fe lt osseus crepitus, 
and, having m y attention so arrested, I  was no t long in establish
ing the diagnosis o f  this injury, fo r  the dorsal surface o f  the 
metacarpal was entire; it projected backwards a t the articulation  
with the carpus, a nd  by reducing it into place crepitus could 
easily be elicited. So trivial an  injury does this appear to be, a nd  
the specimens show so little deformity, except in som e the sign o f  
arthritis consequent on it, I  m ight fa irly be asked w hat im por
tance attaches to the correct diagnosis. All will adm it tha t a 
correct diagnosis even in trivial injuries is desirable, bu t in this 
case the diagnosis is essential to a correct prognosis, a nd  here lies 
the importance o f  the injury. Seeing the value o f  the m ovem ent o f  
the thumb, no injury o f  it is to be lightly regarded, an d  this 
fracture, though it unites readily by bone a nd  w ith alm ost inap
preciable deformity renders the thum b fo r  m any m onths lame 
and  useless. In the case I  have reported, even now, nearly two 
years after the accident occurring in a young a n d  healthy subject, 
the hand fa ils to grasp or lift w ith certainty any body requiring  
a wide gape o f  the thum b—fo r  instance, to lift a tum bler fu ll  o f  
water fro m  the table, a nd  this in a case where every care was 
taken to keep the parts in place a nd  a t rest fo r  a proper time.”

MONTEGGIA FRACTURE 
1814

“I  unhappily remember the case o f  a girl who, after a fall, 
seemed to m e to have sustained a fracture o f  the ulna in its 
upper third. It m ight have been tha t som e com m otion o f  the 
dislocated bone misled m e a t the beginning o f  treatment, or else 
it m ight have been tha t there really was a fracture o f  the ulna

♦ Giovanni Battista Monteggia 
(1762-1815)

Monteggia was born at Lake Mag- 
giore and studied at M ilan. At first 
he was a surgical pathologist; while 
performing an autopsy on a woman 
who had died of syphilis, he had 
the misfortune to cut his finger and 
infected h im self w ith  the d isease. 
Later he became a successful gen
eral surgeon and pleased one patient 
so much that he was given an annu
ity to keep his library up-to-date.

When he became professor of 
surgery at M ilan, he published his 
lectures, which are remarkable for 
the w id e  acquain tance  w ith  the 
work of his contemporaries. He is 
particularly remembered for his de
scription of a fracture dislocation of 
the forearm that he described in the 
same year that Colles described his 
fracture.
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♦ Riccardo Galeazzi (1866-1952)

Fractures of the forearm should be 
superbly treated in M ilan; Monteg- 
gia w as there and then G a le a z z i, 
who between them described upper 
and lower dislocations that may ac
company fractures of one bone only. 
Galeazzi was director of the ortho
paedic clin ic for 35 years; he built 
up the unit and established ancillary 
centers. He was a prolific writer on 
many top ics ; for exam p le , he re
viewed 12,000 cases of congenital 
dislocation of the hip.

with a dislocation o f  the radius, as I  undoubtedly fo u n d  in 
another case. The fa c t is that a t the end o f  the month, when the 
bandage was removed a nd  all the swelling had disappeared 
(which, however, in simple dislocation o f  the radius is usually 
slight), I  fo u n d  that on extending the forearm  the head o f  the 
radius ju m p ed  outwards, fo rm ing  a hard ugly prom inence on 
the anterior surface o f  the elbow, showing in an extremely obvi
ous way tha t this was a true anterior dislocation o f  the head o f  
the radius. When compressed it w ent back into place, bu t left to 
itself it came o u t again, especially on extension o f  the forearm. I  
applied compresses a nd  a new  bandage to hold it in, b u t it would  
not stay in place.”

CONCERNING A PARTICULAR SYNDROME 
OF INJURY OF THE FOREARM BONES

R. GALEAZZI 1934

“We have observed, w ith relative frequency, a fracture o f  the 
diaphysis o f  the radius a t the junction  o f  the middle an d  lower 
thirds com bined with luxation o f  the u lnar head. In  this fo rm  o f  
traum a we have a repetition o f  the Monteggia syndrome: i.e. one 
bone rem ains uninjured while the other is fractured.

“The consequent shortening o f  the radius is probably one o f  
the im portant causes o f  the subluxation or dislocation o f  the 
distal radioulnar jo in t, as occurs in the proxim al jo in t in frac
tures o f  the ulna.

“The angulation o f  the radial fracture is sometimes lateral 
a nd  sometimes posterior; a nd  the luxation o f  the ulnar head  
m ay be anterior, dorsal or medial, all w ith more or less equal 
frequency though m edial displacement is perhaps m ost common. 
Fracture o f  the ulnar styloid w ith displacement o f  the distal 
fra g m en t towards the radius is fa irly common.

"As fo r  the relative incidence o f  the present syndrome and  
tha t o f  Monteggia— m y m aterial shows that the distal syndrome 
is m uch more common: in 300 cases o f  forearm  fractures that I  
have collected, the Monteggia in jury accounted fo r  2% o f  the 
cases, whereas the injury tha t I  am  describing accounted fo r  6%.

“Both the proxim al a nd  distal syndromes m ay follow  direct 
or indirect injuries. I, myself, have encountered more cases o f  the 
present syndrom e than tha t o f  Monteggia, arising fro m  indirect 
injury, such as a fa ll on the pa lm  o f  the hand  with the arm  
abducted.”

Galeazzi fracture dislocation
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Galeazzi then describes with great formality and at consider
able length the mechanical forces responsible for the two injuries. 
He points out that the axis of the forearm passes through the 
humeroulnar joint at the upper end and through the radiocarpal 
joint at the lower end. Both these joints are formed by the strongest 
ends of the bones. The other ends of the bones are weakly linked 
to the humerus above and to the carpus below. In a fall on the 
hand, the compression force on the forearm bones may cause a 
fracture of one of them at the point of maximal bowing, for 
example at the junction of the middle and the lower third of the 
radius. If the force continues to operate, either the ulnar will 
fracture or the distal arm will pivot at the fracture site, putting a 
strain on the inferior radioulnar ligament. If this ruptures, disloca
tion of the head of the ulna follows.

“When the fracture is due to direct violence then muscle 
shortening produces overlapping. Again the distal arm  pivots and  
the ligament m ay rupture."

Galeazzi mentions that the dislocation may develop slowly 
during the course of treatment for what initially appears to be a 
solitary fracture.

He discusses treatment and we return to his words for an 
account of this.

♦ Alfred Velpeau (1795-1867)

He was the son of a village black
smith and was training to follow his 
father when he was drawn to be
come a surgeon. Not, as some have 
c la im e d , because the sk ills  of a 
blacksmith have a lot in common 
with those of an orthopaedic sur
geon. He settled in Paris and wrote 
books on operative surgery. He is 
rem em bered for his bandage that 
hugs the arm to the chest.

A recommended treatm ent for forearm fractures in 1922 in Scudder’s book. Traction 
was applied by a glove. This is little different from mediaeval methods, and one 
could imagine that the only moving part in the forearm and the hand after a m onth 
or two would be at the fracture site. From Scudder, The Treatment of Fractures, 
9th ed, Philadelphia, WB Saunders: 1922.
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“In m y experience traction has always yielded the best re
sults. The distal fragm en t o f  the radius is usually pronated by 
pronator quadratus a nd  displaced towards the ulna by abductor 
pollicis bowstringing across it.

“In m y experience, energetic traction on the thum b w ith the 
ha n d  in supination has always perm itted  im m ediate reduction 
o f  the fracture, then by deviating the hand  radially the dislocated 
ulnar head is reduced w ithout fu rth er  m anipulation. Only i f  the 
diastasis o f  the inferior radioulnar jo in t  is very severe, because 
the ligaments have suffered total rupture, does the dislocation 
tend to recur; it is then necessary to transfix both bones with  
threads after reduction.”

Many eponymous conditions were described by an earlier 
unknown. Here is an earlier account of the Galeazzi fracture- 
dislocation.

RICKMAN GODLEE
1883

“A case o f  fracture o f  the radius a nd  dislocation forw ards o f  
the ulna a t the wrist, in which the lower end o f  the latter was 
removed to effect reduction”

The fracture occurred in a 20-year-old in a gymnasium. The 
fracture dislocation was irreducible.

“An incision was m ade over the lower end o f  the ulna, and  
a hook passed under the tendon o f  flexor carpi ulnaris, which 
had slipped behind the bone, bu t the bones could no t be replaced 
until firs t the styloid process, a n d  then the lower end o f  the ulna  
had  been saw n off. The w ound  was treated aseptically, a nd  
healed. In ten days, it was placed in a plaster-of-Paris apparatus, 
and, in  about six weeks, passive m ovem ent was commenced. The 
limb is now  alm ost as useful as the other, an d  could be employed 
fo r  gym nastic exercises.”

Mr. Godlee presented this paper at a meeting; other cases 
were presented; the injuries came to amputation, and the patients 
died after operation.

Chapter references are located in Chapter 26.



♦  C h a p t e r  N i n e t e e n

S p i n e  

F»‘actm‘es and 
Tt*a nmati o 
Pam plcgia

“All power of motion and feeling below my chest are gone. I  can 
live but a short time” Lord Nelson

Famous Patients

THE PROFESSIONAL REPORT ON THE 
DEATH OF NELSON BY HIS SURGEON

WILLIAM BEATTY, 1805

“A bout the m iddle o f  the action with the com bined Fleets on 
the 21st o f  October last, the late illustrious Com m ander in Chief 
Lord Nelson was mortally w ounded in the left breast by a musket- 
ball, supposed to be fired  fro m  the mizzen-top o f  La Redoubtable, 
French ship o f  the line. His Lordship was in the act o f  turning on 
the quarter-deck w ith his face towards the Enemy, when he re-

The diagnosis of spine fractures has come a long way since this was recommended 
for the diagnosis of cervical spine fractures. Roberts and Kelly, 1921.
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ceived his wound: he instantly fell; a nd  was carried to the cockpit, 
where he lived about two hours. On being brought below, he 
com plained o f  acute pa in  about the sixth or seventh dorsal 
vertebra, a n d  o f  priva tion  o f  sense a nd  m otion o f  the body and  
inferior extremities. His respiration was short a nd  difficult; pulse  
weak, small, a nd  irregular. He frequently declared his back was 
shot through, tha t he fe lt  every instant a  gush o f  blood w ithin  
his breast, an d  that he had sensations which indicated to him  
the approach o f  death."

C ourse a n d  Site o f  the Ball, a s  A scerta in ed  Since D eath

“The ball struck the fore p a r t o f  his Lordship’s epaulette, and  
entered the left shoulder imm ediately before the acromion, which 
was slightly fractured. It then descended obliquely into the thorax, 

fracturing the second an d  third ribs: and  after penetrating the 
left lobe o f  the lungs, a nd  dividing in  its passage a large branch 
o f  the pu lm onary artery, it entered the left side o f  the spine 
between the sixth a n d  seventh dorsal vertebrae, fracturing the 
left transverse process o f  the sixth dorsal vertebra, w ounding the 
medulla spinalis ..

Nelson knew that he had a spinal cord injury and would die. 
Nelson had learned all about paraplegia after one of his crew had 
suffered a similar injury.

President Garfield was shot in the back on July 2, 1881, in 
Washington, D.C., and sustained a bullet wound of the 1st lumbar 
vertebra. He developed infection and septicemia and died of a 
ruptured traumatic aneurysm of the nearby splenic artery. The full 
account in the Jo u rn a l o f  the A m erican  M edical Association  
shows how far trauma care has come. When his surgeon arrived 
he said, “Mr. President, are you badly hurt?” The President an
swered, “I’m afraid I am.” The wound was explored with a finger 
and the only resuscitation used was half an ounce of brandy and 
some smelling salts. This is a far cry from modern advanced life 
support protocol.

S p i n e  l - p a c t n p c s

To begin with, most spine fractures were thought to result in 
paraplegia; then came X-rays, which showed fractures without cord 
injury. Attempts were made to describe the variety of injury. At 
first the films were poor, and most surgeons classified fractures 
into flexion, extension, rotation, and shearing injuries. Posterior 
ligamentous disruption and anterior wedging were the commonest 
features. Watson Jones advocated hyperextension to reduce them 
in 1934. Then came Nicoll, who classified them into stable and 
unstable fractures in 1949, and this was a guide to treatment. Olof 
Percy added burst fractures in 1957. Seat belt injuries were de
scribed in 1969 by Smith and Kaufer, very soon after seat belts 
became popular. Francis Denis, from Montreal, described the three- 
column classification of spinal fractures in 1983. With modern 
methods of imaging, a lot of the guesswork has gone.
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Chance Fracture 

NOTE ON A TYPE OF FLEXION FRACTURE 
OF THE SPINE

G. Q. CHANCE, DERBY, 1948

“When flexion  o f  the spine exceeds norm al lim its something  
has to give way. This is usually the vertebral body, which assumes 
the characteristic wedging in varying degrees.

“Occasionally the body, fo r  som e reason, is relatively incom 
pressible, so the posterior arch system is disrupted. The com
monest types o f  posterior disruption are

“1. The ligamentous rupture w ith dislocation o f  the apophy
seal joints.

2. Fractures o f  the articular processes.
3- Combinations o f  these.

“The fracture which I  illustrate is a true flexion  fracture, 
though o f  a rarer type. It consists o f  a horizontal splitting o f  the 
spine a nd  neural arch, ending in an upw ard curve which usually 
reaches the upper surface o f  the body ju s t  in fro n t o f  the neural 
foram en. In  good radiographs its recognition is easy.

In m y three cases there has been very little wedging o f  the 
vertebral body, no dislocation o f  the apophyseal joints, nor has 
there been any cord damage. I  cannot th ink o f  any anatom ical 
explanation o f  the peculiar site and  direction o f  the fracture. The 
importance o f  the recognition o f this fracture lies in the fa c t that 
its treatm ent a nd  prognosis are constant a nd  clear. As there is no 
m ajor ligamentous damage, the upper h a lf o f  the fractured neu
ral arch is firm ly  fixed  to the norm al arch o f  the vertebra above, 
a nd  similarly the lower h a lf is fixed  to the vertebra below. The 
outline o f  these halves, in a horizontal plane, is therefore still 
undisturbed, so tha t a simple hyperextension o f  the spine m ust 
inevitably bring the two halves into perfect anatom ical apposi
tion, an d  give a near 100 p er  cent prognosis.”

A

Wood-Jones: Hangman’s fracture,
1913- C. Schneider and associates in
troduced the term hangman’s frac
ture in 1965. From Wood-Jones J: 
The ideal lesion produced by judicial 
hanging. Lancet 1913, 1, 53.

Flexion distraction injury of the 
spine. From Chance GQ: Br J Radiol: 
1948, 21, 452.

Jefferson fracture, 1920. The trans
mission of forces through the out
wardly facing facets tend to burst 
Cl.
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Spinal Coi*d JnjMpy

Burst fracture o f the upper thoracic 
spine, 1838. “John Bright, aetat 19, 
on the 1st of October, climbed a 
walnut tree, for the purpose of pick
ing the fruit, w hen he had attained 
a very considerable height slipped, 
and was precipitated to the ground. 
He was soon afterwards found, in a 
cold and pulseless condition, with 
his lower extremities numb and mo
tionless.” From Marshall Hall: Lancet, 
1838, p  38.

♦ Charles-Edouard Brown-Sequard

A disease not to treat. Edwin Smith papyrus, 280 0  bc

His case is hopeless, so do not concern yourself with his treat
ment. Albucasis o n  traumatic paraplegia, 1000 a d

Experimental Studies

G alen  wrote in 177 a d , “Exposure o f  the spinal cord, a nd  the 
effects produced by section o f  the cord a t various levels" He 
began: “The an im al which yo u  vivisect . . ” and w ent on to 
describe tying the animal down and exposing the cord exactly as 
we do today. He told us to transect the cord low down and note 
loss of movement and sensibility of the legs, and then make higher 
and higher transections until breathing stopped.

C harles-E douard  B row n-Sequard  (1817-1894). A wander
ing neurologist, who was professor at Harvard, Virginia, Geneva, 
and Paris and consultant in London. (Immigration departments 
today would have had a lot of fun with him.) His experimental 
work on hemisection of the cord began with a thesis in 1846 and 
papers in 1850-1851. This was the era of discoveries about the 
spinal cord.

Brown-Sequard’s experiment on hemisection of the cord, 
1846.
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Natural History

From the beginning of time, death from paraplegia was well 
known and led to a defeatist attitude. Flowever, there have always 
been arguments about whether to carry out a closed reduction for 
what was always believed to be a dislocation. Until the days of X- 
rays, any injury in the vicinity of a joint was supposed to be a 
dislocation and therefore stable upon reduction—quite different 
from the view today. Most cord injuries are due to fractures that 
are very unstable.

The results of paraplegia in World War I were 80% mortality 
in the first 3 years, and in World War II this fell to about 7%. This 
means that the earlier descriptions are interesting for their clinical 
detail and that it is only recently that management has become 
effective and available. The emphasis has changed from cure to 
care.

Treatment

M anipulative Reduction

Traction was used by Hippocrates in 400 bc. Straps around the 
waist and straps in the axillae were attached to winches to pull 
seriously on the spine. It was a forerunner of the rack. Pictures of 
spinal deformities being treated by reduction using a ladder are 
dramatic. The patient was tied upside down by the ankles to the 
top of a vertical ladder. The ladder was then dropped, jerking the 
spine. It is hard to imagine that many patients were benefited. 
Various kinds of forceful manipulation continued until the last 
century. Malgaigne, for instance, used hyperextension to reduce a

Hippocrates and almost everyone else has used traction. From J Bishop, 1852.
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dislocation in 1847. There are still some fractures that are immobi
lized in extension.

What was the cause of the deformities that led to this drastic 
treatment? The ancients thought they were dealing with disloca
tions. They did not have X-rays, which would have told them that 
dislocations are rare. Perhaps they were late wedge fractures and 
tuberculous spines.

Hippocrates wrote that manual reduction was not possible—a 
surgeon would need to put a hand inside the body to do it.

Skull Traction
Various gentle halters were in use for the treatment of tubercu

losis and scoliosis, but use of heavy traction for fracture dislocations 
of the neck is recent. In the days before refrigeration, tongs were 
used for delivering ice to the hom e—these were modified to be 
attached to the skull by Crutchfield in 1933. Then in the late 1930s 
the halo was developed at Rancho los Amigos in California by J. 
Perry, R. Snelson, and Verne Nickel. It was modeled after the crown 
used for maxillofacial fracture by dentists.

Homer Stryker of Kalamazoo developed the Stryker frame in 
the 1930s.

O perative Decom pression
Laminectomy for traumatic paraplegia has an ancient history 

and a simple appeal, despite the fact that it has only a small place 
in treatment. The Babylonians did it occasionally. Paul of Aegina 
(625-690) tells us how to do laminectomy for paraplegia in his 
fracture book. The question about laminectomy was kept going by 
the occasional success in an otherwise fatal condition. It was batted 
around for centuries and can still produce a heated discussion. 
Today m agnetic resonance imaging and com puted  tom ography 
help define the cases needing decom pression and w hether it 
should be anterior or posterior. Old timers had none of this and 
operated under primitive conditions—poor lighting, no electrocau
tery, and no aseptic technique—and no control of kidney infection 
or embolism afterward. No wonder they had difficulty working out 
the indications with so many confounding variables. In the past, 
even patients with incomplete lesions, who had improved power 
and sensation after operation, usually died of renal damage and 
infection. There is a list of reports of 19th century operations in 
Clinical Orthopaedics a nd  Related Research, 1989, 189, 3-11.

In 1814 Henry Cline in London, and in 1829 Alban Smith of 
Kentucky, used laminectomy.

“Results o f  cases m ust be the true criteria by which the m ost 
plausible theories are to be tested” wrote Robert M’Donnell about 
laminectomy for the spine in Dublin in the 1860s.

BENJAMIN BRODIE
1836

“I f  the whole or nearly the whole o f  a vertebra be driven  
forwards, the depression o f  the posterior p a rt o f  it will occasion 
a dim inution  o f  the size o f  the spinal canal, bu t the removal o f
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any portion o f  the vertebra which is accessible to an operation, 
will be o f  little avail, as the irregularity o f  the anterior p a r t o f  
the canal, m ade by the displacement o f  the body, m ust be the 
sam e after, as it was before, the operation.’’

Stabilization

Further damage to the cord can be prevented by stabilizing 
unstable fractures with rods and fusion.

Berthold Ernest H adra (1842-1903)
Hadra was born in Silesia. He came to the United States in 

1869, settling first in Houston, Texas, then moving to Austin in 
1872 where he remained engaged in a thriving practice. He finally 
settled in Galveston, where he was professor and author of a book 
on gynecology. He is remembered for wiring the cervical spine. In 
1891 he operated on a fracture dislocation of a cervical spine in a 
child showing progressive cord deterioration, using wires wrapped 
around the spinous processes to stabilize the vertebral levels. The 
concept of vertebral stabilization was highly original and the first 
recorded in surgical literature. He later applied the procedure to 
vertebrae involved in Potts’ disease.

He reported these cases in the Medical Times and Register and 
later that year presented his material to the American Orthopaedic 
Association. This presen tation  appeared in their Transactions 
(1891, 4, 206) and thereby came to the attention of European 
orthopedic surgeons who, like Fritz Lange of Munich, modified but 
continued the use of spinal wiring until the advent of Russell 
Hibbs’ spine fusion operation in 1911.

WIRING OF THE VERTEBRAE AS A MEANS 
OF IMMOBILIZATION IN FRACTURE AND 

POTT'S DISEASE
B. E. HADRA, 1891

“Present surgical interference in fractures o f  the spine con
sists in the removal o f  loose bones a nd  in resection o f  parts o f  
the arch, in order to free the spinal canal. The latter is done 
when grave sym ptom s indicate pressure upon the cord, or m orbid  
changes o f  it or o f  the dura mater. Thus, mostly older cases will 
be subm itted to resection. I t is m y purpose to propose to yo u  a 
means o f  adaptation a nd  retention o f  the broken ends before 
such damage is done, or before vicious consolidation has taken 
place.

“The present apparatus o f  im m obilization by position, exten
sion, splints, braces, dressings, etc., is evidently sufficient only 
in the lightest and  m ost tractable cases, which, unfortunately, 
constitute only a very sm all percentage. Aside fro m  the enorm ous  
inconvenience, all these helps are ineffective when the broken 
ends are thoroughly separated. I  rem ember two cases o f  dorsal 
fracture where I  had the patients encased in plaster o f  Paris fro m  
the axilla down to the thigh. I  know  they were no t benefited, bu t

♦  Berthold Ernest Hadra
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♦ W. E. Gallie (1882-1959)

Professor and Dean at the University 
of Toronto. He was best known for 
the use of autogenous fasc ia  lata 
grafts as a living suture for hernias, 
ligam ents, and repair of recurrent 
dislocations. He was a very inven
tive man and is mentioned here be
cause he introduced wire fusion of 
C1-C2 in 1936.

were m ade m ost unhappy by the treatment. I t is simply impossi
ble to keep the loosened vertebrae fro m  gliding upon each other 
as long as no fixa tio n  can be had all around. Obviously, though, 
the contents o f  the thoracic a nd  abdom inal cavities cannot be 
immobilized. Still, absolute apposition is here more a necessity 
than in other fractures, because, aside fro m  giving the broken 
bones a chance to properly consolidate, it m ust be the m a in  aim  
to protect the cord a n d  the spinal nerves against pressure, twist
ing, an d  also against changes due to irritation a nd  to extension 
o f  m orbid processes fro m  the surrounding tissues. What do we 
do in other cases to keep the parts well adapted? We do the most 
natural thing in the world; we f i x  them to each other by direct 
m eans—clamps, nails, wires, sutures, an d  so on. Now, there is no 
good reason w hy vertebral fractures should no t enjoy sim ilar 
advantages. There is no danger in cutting down on the vertebral 
column, as all operators testify, as long, o f  course, as the cord 
a n d  the nerves rem ain undisturbed; an d  even they stand a good  
deal more interference than is generally conceded. I t is, then, a 
question o f  feasibility a nd  efficacy. Theoretically there should be 
no doub t abou t it. Still, practical evidence alone will satisfy 
nowadays. The literature—a t least tha t a t m y com m and—offers 
only one case where direct fixa tio n  o f  broken vertebrae was 
p lanned  a n d  executed, a nd  I  th ink this case deserves the fu llest 
attention. I t is tha t o f  Dr. W. T. Wilkins, a short history o f  which 
is given by Prof. Keen in the “Reference Hand-book o f  Medical 
Science” It reads thus:

" '! find reported a case of a child born with a hunch on its 
back, the mother having been severely injured the day before 
its birth. On operation, on the day after birth, the last dorsal 
and the first lumbar vertebra were found separated a half
inch, and a hernia protruded through the fissure. The spinal 
cord was pushed to one side. The hernia was reduced, the 
two vertebrae held together by a figure of 8 carbolized silk 
ligature, passing through the intervertebral notches of the two 
vertebrae, above and below, and the child was practically 
well in a few days.'

“It was m y lot to test the problem in a case which was 
operated on last December, a n d  I  regret tha t I, a t tha t time, did  
not know  anything o f  Dr. Wilkins’ case. I  fastened  together the 
spinous processes o f  the sixth a nd  seventh cervical vertebrae by 
silver-wire loops, in a case o f  fracture which had  been acquired 
nearly a year before. The p a tien t is still a t the John Scaly Hospital, 
a nd  I  m ust confess is no t perfectly well yet, though the efficacy o f  
the operation has been fu lly  demonstrated. To give a short history 
o f  the case, it m ay be stated tha t a  m an o f  thirty years o f  age, 
w orking as waiter in a restaurant, fe ll to the floor, striking with 
great force on his buttocks. Im m ediately after, he fe l t  intense p a in  
in his neck, a n d  was unable to move it. On exam ination, the 
sixth cervical vertebra was fo u n d  pushed  forw ard  a nd  turned  
around its vertical axis to the right, whilst the spinous process o f  
the seventh  vertebra appeared u n u su a lly  p ro m in en t. P atient 
could no t open his m outh  more than an  inch, fro m  w hat cause
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I  could never understand. Exsection was m ade by the head, and  
as the parts seemingly returned to their norm al position, the 
neck was p u t  in a f irm  cravatte. Patient, fro m  reasons o f  no  
medical interest, left the St. M ary’s Hospital a fe w  days after 
his admission, a nd  returned to his fo rm er occupation, wearing  
constantly his apparatus, getting along well enough with an  
occasional hypodermic injection o f  morphine. B u t once, when he 
im prudently bent his neck in a rapid a nd  forcible way, the 
cravatte having been left away, he fainted, a nd  when recovered 
could not stand upright. His head a n d  neck were turned to the 
right a n d  kept perfectly stiff; right hand  became numb, right arm  
weak; girdle p a ins around his upper abdomen; bladder no t fu lly  
under control; slight priapism . In  such condition he cam e to the 
fo h n  Scaly Hospital on Novem ber 1st, 1890, ten m onths after the 
first accident. His face flushed  up on the slightest provocation; his 
m outh could no t be opened over an inch; the left upper portion  
o f  the trapezius muscle was hard an d  protruding, fo rm ing  a  
tumor; his right hand  colder than the left; extreme hypesthesia 
on the right side; head was rolled around to the right, an d  the 
vertebrae in sam e position  as on the firs t observation; muscles, 
though, reacted alike on both sides o f  the body to either current. 
Patient was p u t  under chloroform, no t being able to stand any  
m anipulation w ithout an  anesthetic. Head a n d  upper portion  o f  
neck very movable, a nd  crepitation distinctly heard. Reduction  
was easy, a n d  the s tiff cravatte was applied again. In  spite o f  
frequen t adjustm ent a n d  m odification o f  the retaining appara
tus, p a tien t grew steadily worse. Pains in back, arm s a n d  around  
abdom en became unbearable, a n d  walking impossible. He was 
in such a p itifu l condition, tha t he insisted upon any operation 
which w ould give the fa in test hope o f  relief. I  fina lly  consented to 
cut down on the place o f  injury, which I  d id  on the 22 o f  
December. My p la n  was to remove loose bones, i f  present; to 
sever the posterior ligaments, i f  they should be thickened and  
contracted; a nd  finally, to wire the spinous processes, in order to 
steady the vertebral column.

“From the im provem ent setting in every tim e the bones were 
well adjusted, I  inferred tha t there was no serious change w ithin  
the vertebral canal, nor in the cord itself. I  therefore did not 
consider the opening o f  the canal called for. N ot fin d in g  loose 
bones, I  severed the ligam entum  nuchae a nd  the interspinous 
ligaments transversely in several places, so as to expose the spi
nous processes fully, a nd  also in order to remove the interference 
o f  the perhaps thickened an d  contracted ligaments which could 
have acted as an im pedim ent to the replacement a nd  retention o f  
the dislocated parts, exactly as in other fractures or dislocations. I  
am  satisfied that this p a r t o f  the operation was not only unneces
sary, b u t tha t it caused all the follow ing in flam m atory symptoms, 
as a good deal o f  lacerating was unavoidable. The m ain  aim  o f  
the operation, the w iring o f  the sixth a n d  seventh spinous process 
was done w ith silver wire, carrying it fo u r  to five  times around  
in a figure o f  8. The w ound  which extended fro m  the occiput 
down to the firs t dorsal vertebrae was then closed, a sm all drain
age tube inserted right over the place o f  w iring a nd  the s tiff
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cravatte reapplied. Patient did  not improve fo r  several days, but 
then gradually got better. A fter som e weeks I  thought that the 
wire had  become loose, because he began to exhibit some o f  his 

fo rm er symptoms. He was p u t  under chloroform again, the wire 
removed, a nd  a new  one fixed  on. On this occasion it was easily 
seen tha t the lower end o f  the fractured spine slipped away fro m  
the upper fo r  about one a n d  a h a lf inches to the right. From now  
on improvem ent w ent on more rapidly. Patient was able three 
weeks ago, tha t is twelve weeks after the operation, to move his 
head in a norm al way in every direction, w ithou t pain. He could 
open his m outh  fully, walk as well as anybody else; no headache; 
no trouble w ith bladder or bowels. The right arm  remained  
som ew hat weaker, bu t was otherwise norm al in all its functions  
and  o f  norm al sensation. The favorable condition though made  
me, I  fear, too careless. I  allowed h im  to be w ithout the bandage 
occasionally, a nd  removed the wire, as it kept a fistulous ulcer 
fro m  closing. He became worse again, a nd  has now  considerable 
p a in  in his right arm  a nd  shoulder. The spinous process o f  the 
sixth cervical vertebra is very tender on pressure, a nd  requires 
fu r th er  attention, as the probable cause o f  the new trouble. 
Otherwise p a tien t is well, a nd  can m ake use o f  his neck w ithout 
any difficulty.

“This is m y case, which shows that the operation is feasible 
a nd  effective. B u t I  would be a poor surgeon i f  I  had  fe lt satisfied 
w ith m y m ethod a n d  the course o f  m y case. Further experiments 
on the cadaver, a n d  fu rth er  reflection has led m e to believe that 
the proposed wiring is one o f  the m ost promising, a n d  a t the 
sam e tim e simplest surgical procedures, provided that it be so 
modified as I  will describe it hereafter. O f course, it is intended  
only fo r  the readjustm ent a nd  retention o f  the broken bones, 
therefore, in some cases, it m ay fill  all the indications; in others, 
it will simply be an addition to other operations.

“B ut before proceeding I  show yo u  here a vertebral column, 
on which two adjoining spinous processes have been wired to
gether in the three portions o f  the spine. O f course, more than  
two m ay be jo in ed  i f  necessary. You see how  firm ly  the vertebrae 
hold together, and  how  resistant they become. In  fact, com mon  
forces, as experienced in h um an  life, are hardly able to undo the 
fixa tion  o f  the two lum bar vertebrae. O f course, this method  
is possible only when the spinous processes are no t fractured  
themselves. I f  so, one would have to resort to the w iring o f  the 
transverse processes, as shown also on the model.

“The operation consists then o f  the follow ing simple acts. A 
good long skin  incision, the center o f  which should be over the 
seat o f  fracture; next the muscles on either side o f  the spinous 
processes should be lifted up a n d  drawn aside with blunt instru
ments, b u t no t more than to allow one to fee l the contours o f  the 
bones. Then a stout curved needle, arm ed with wire, is carried 
through the interspace between the spinous process o f  the broken 
vertebra, an d  tha t o f  the next upper one, as deep as possible; 
brought out, entered again into the next inferior interspace; 
brought ou t on the other side; entered there again into the next 
lower interspace; carried around the spinous process o f  the verte
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bra, below the fracture, a nd  again carried through the middle 
interspace, a nd  meeting the wire where it entered, well twisted  
together to a knot. In  short, a figure o f  eight loop is carried 
around the spinous processes o f  the broken vertebra a nd  that o f  
the next lower one, which m ay be repeated as often as seems 
advisable. In the lum bar portion o f  the spine simple loops will 
suffice, as the processes are alm ost horizontal. Then the w ound  
is closed with or w ithout drainage. Under certain circumstances 
three or even more vertebrae m ay be fixed  together.

“All this can be done in a fe w  minutes. The operation is 
nearly bloodless; involves no great laceration o f  tissues, a n d  can 
be m ade thoroughly aseptic. The wires are well secured in their 
position by the ligaments, which rem ain undisturbed.

“More difficult is the w iring o f  the transverse processes. Here 
the muscles have to be lifted a nd  drawn aside m uch more exten
sively. In order to avoid impeding nerves in the loops, I  th ink it 
would be best to do it as shown on the model; that is, first to 
surround one process, a nd  then carry the thread to the next one, 
a nd  again tie it here by a loop, so as to have only one wire in 
the interspace.

“I  cannot resist the tem ptation to connect m y device also 
with the treatm ent o f  Pott’s disease. Here, too, the indication in 
cases where the abscess or carious bones do no t call fo r  other 
surgical attempts, is m ainly to steady the vertebral colum n in 
order to protect the cord, to prevent the diseased bones fro m  
rubbing on each other, and, finally, to m ake the outcome, in 
regard to disfigurement, as favorable as possible.”

T H c  jV lo d c P M  G ycx

The Change o f Em p h asis  from  Cure  to 
Rehabilitation

Spinal cord injuries were treated in general hospitals until 
death from renal infection and bed sores put the victim out of 
misery. Then during World War II a decision was made to set up 
hospital spinal injuries units. Many thought that these would be 
dumping grounds. But two events made these units a success story. 
First, antibiotics had become available to treat renal infections, and 
second, Ludwig Guttmann was available to be put in charge of the 
unit at Stoke Mandeville, just outside London. His obsession about 
patient rolling prevented bedsores. He kept the patients alive and 
then went on to make them fit and motivated through sports. He 
himself was overweight and and would not have run for a bus. But 
his most lasting achievement has been the Para-Olympics (or Spe
cial Olympics). He put paraplegics back to work—something that 
had not been possible before for people who were legally 100% 
disabled.

Sporadic attempts to fix spinal fractures were made during 
the 1950s. They were hampered by poor design and Guttmann’s 
denunciations—he showed slides of plates shining through the skin
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of the back. He was really denouncing poor fixation. But Harring
ton started a whole new era of implants, and now most fractures 
are stabilized so that the patient can be up quickly and avoid 
recumbent disease.

Sir Ludwig Guttmann
He was born in Upper Silesia in 1899. During World War I, he 

worked as an orderly in a hospital for coalminers. Spinal cord 
injuries were common due to roof falls, and he was impressed 
when a young miner died in 5 weeks from a spinal cord injury. He 
went to Breslau to study, training and working as a neurosurgeon 
until he was fired in 1933 during the anti-Jewish purges. In 1939 
he found a job doing research at Oxford and was asked to start a 
Spinal Cord Injuries unit at Stoke Mandeville in 1944. He became 
known for his care of paraplegia and to a greater extent for wheel
chair sports as a method of rehabilitation. In the autumn of 1944 
some wheelchair patients were chasing a puck around, and this 
gave Guttmann the idea of wheelchair sports to alleviate the bore
dom and depression. He started with polo, but this was too rough. 
The first Games were held with 16 competitors in 1948.

He wrote a textbook of spinal cord injuries in 1973.
Guttmann feared that the spinal units in Britain would become 

“merely an  accum ulation o f  doom ed cripples’,' and his chief object 
for patients “ was to give them a purpose in life!'

Sport is o f even greater significance for the wellbeing o f the severely 
disabled than the able bodied. Ludwig Guttmann

The first duty of a paraplegic is to cheer up his visitors. Rev. 
Albert Bull, a patient at Stoke Mandeville

Chapter references are located in Chapter 26.
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Tri1 actm*e 
Treatment

A broken bone cannot be too soon put to rights. Percivall Pott

When a bone is broken and separated, it has no power o f restoring 
itself to its natural situation. John Jones, first American fracture text
book, 1776

To put the fragments o f a fractured bone into their proper situation, 
which is called setting the fracture, is one thing: and keeping them there, 
during the uniting process, is another. Joseph Amesbury, fracture book, 
London, 1831

Jnti*od uction

The arrival of X-rays changed the fracture scene. Surgeons for 
the first time could see what they were dealing with. They could 
tell whether the fracture healed in a good position. The game was 
up for bonesetters (see later). It was not just a coincidence that 
the discovery of X-rays and the development of open reduction 
and internal fixation occurred at about the same time.

Ambulatory treatm ent of fractures of the leg. 
From Amesbury J: London: Longman, 1831.

♦ John Jones (1729-1791)

Born in N ew York , he studied in 
Philadelphia, Paris, London, and Ed
inburgh. He set up a practice in New 
York and started a medical school, 
becoming the professor of surgery. 
The war of 1776 disrupted his life, 
leading him to write a simple book 
for army surgeons—the first textbook 
of surgery w ritten in the United 
States.

♦  Carl Beck

W rote the first book on fractures 
based on their x-ray appearances, 
in 1900.

423
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Fractures had always been common in the working population, 
and they had important economic implications. For the first time 
the economic difference between a well-treated fracture and a 
poorly treated fracture could be measured. And various commis
sions offered guidelines. Fracture clinics were started, modeled on 
factory production lines.

Realization that many fractures healed in poor position led 
many surgeons to think of operating and using internal fixation. 
Patients could, as they still do, look at the fracture and tell whether 
it was reduced. In 1912 Robert Jones wrote, “Patients who call 
upon m e are often arm ed with X-ray prints, which they authori
tatively expound. A nything b u t a faultless end to end apposition 
imparts a war-like spirit'.'

The British Medical Association organized a committee on the 
treatment of simple fractures in 1910-1912. A team examined 2940 
patients and in a remarkably modern report concluded that “the 
m ost certain way to obtain a good functiona l result is to secure 
a good anatom ical result. In  order to secure the most satisfactory 
results fro m  operative treatment, it should be resorted to as 
soon after the accident as possible'.' And the most contentious 
conclusion of all: “In nearly all age groups, operative cases show  
a higher percentage o f  good results than non-operative cases 
09.5%  vs 70.4%).”

And this was at a time w hen the methods of internal fixation 
were poor! Someone described them as homeopathic plates.

F irst Aid

When the surgeon Percivall Pott broke his leg in the middle 
of London in 1756 he could not phone for an ambulance. He had 
to buy a door and hire bearers to carry him home. Injured soldiers 
had to make their own way back from the battlefield. Gradually 
society realized that care of a fracture at the scene of injury is 
im portan t—both  to relieve pain and to prevent further 
injury—particularly on the battlefield.

Larrey, Napoleon’s surgeon, was the first to organize an ambu
lance service in the French Army at the beginning of the 19th 
century. The British took it up in the Crimean War in 1858. Jean 
Henri Durant, a Swiss banker, saw the suffering at the Battle of 
Solferino in 1859. He wrote Un Souvenir de Solferino in 1862 to 
suggest the formation of permanent societies to aid the wounded. 
This led to the Geneva Convention in 1864 and the formation of 
the Red Cross and its humanitarian goals, such as protecting the 
wounded from further attack.

Esmarch was a German battle surgeon who wrote one of the 
first books on first aid in 1869 and founded the Samaritan’s School 
to teach first aid throughout Germany.

In England, the St. John’s Ambulance for civilians was started 
in 1878. First aid was taught, and a civilian ambulance association 
began. From this time horses, bicycles, and real ambulances trans
ported the injured.
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Fig. 83.—The “ Coolidge” ambulance.

C

The Army was the first to use ambu
lances and they were multipurpose. 
These are examples from the Civil 
War.

P h ilo s o p h y  o f  F ^actw i'c  
Treatm ent

Fracture treatment has always generated controversy. There 
are so many therapeutic possibilities. But argument becomes less 
as our methods improve and fractures are categorized in more and 
more detail and results are collected. Years ago, w hen surgeons 
asked, “What is the best way to treat a fracture of the shaft of the 
femur?” there were many different answers. But today the question 
is focused down. The treatment of a closed transverse fracture of 
the midshaft in a head-injured 25-year-old has only one option. 
Controversy is less—partly because of better methods but also 
because of better thinking and training.

Today, fracture care has become a specialty. When I was in 
training I was advised that fracture care was only for surgeons who 
could not cultivate an elective practice. Those days are gone.

Recent advances may have been made in the wrong direc
tion. Lancet, 1942, 2, 439

Every fracture is potentially a deformity. Robert Jones, Am J Or- 
thop Surg 1913, 11, 314
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♦ Just Lucas-Championniere 
(1843-1913)

He studied in Paris and then visited 
Lister as an elective student, bringing 
aseptic surgery to France and writ
ing a book on the aseptic technique. 
He is b est kno w n  for advocating  
movement for fracture healing in a 
book published in 1905. His views 
are expressed in English in J. B. Men- 
nell’s 1911 book, Fractures Treated 
by Mobilisation.

TRAITEM ENT DES FRACTURES

LE MASSAGE 

M O B I L I S A T I O N

Le Dr JUST LUCAS-CHAMPIONNIERE
Cliirurgien tic rilOpibl BoAujou,

Mcmbru tie I'Acadtmio tie Mtkiccino ,
President dc h Socictd de Chirurgic.

e m e n t  c 'ea t la  v ie.

PARIS
R U E F F  E T  C", E D I T E O H S

Title page of Lucas-Championniere’s 
book.

(1) Rest Versus M otion

Movement is life. Aristotle

Some diaphyseal fractures will heal straight only if they are 
immobilized. Immobilization became synonymous with orthopae
dics. Nothing could be m ore immobile than a tree tied to a 
stake—the symbol of orthopaedics.

The ideas about the care of chronic infections spilled over to 
fracture care. John Hilton’s book Rest a nd  Pain, 1862, was written 
about chronic infections of joints. Rest secured a fibrous or bony 
ankylosis—the nearest thing to a cure in the days before antibiotics, 
when infection killed. His motto was “Pain the monitor and rest 
the cure.” Hugh Owen Thomas had similar views. He believed that 
rest should be complete, prolonged, enforced, an d  uninterrupted. 
He went to the extent of putting his seal on the splint so that he 
would know whether it had been disturbed.

Lucas-Championniere challenged the view that immobilization 
was essential. He wanted to avoid atrophy and stiffness, later 
described by the AO* school as plaster disease. Some fractures 
came to be treated by early movement, culminating in R. B. Salter’s 
continuous passive motion machines. The focus changed from 
treating established stiffness with physiotherapy and exercise sys
tems to avoiding it. Only recently has the battle between the 
movers and the resters been resolved by rigid early fixation and 
early movement.

Immobilization does not favour the formation of callus, movement 
does. Just Lucas-Championniere, 1910

The object o f early passive movement in recent fractures is the very 
simple one of preventing adhesions. Steady fixation of the fracture itself 
should be insured, either by grasp of the hand or by appropriate splints 
or apparatus. Voluntary movement by the patient is in itself better than 
passive movement. Sir William Bennett, 1910

L E C T U R E S  

THE USE OF MASSiGE 

EARLY MOVEMENTS IN RECENT FRACTURES
AND OTHER COMMON SURGICAL INJURIES

SPRAINS AND TH EIR CONSEQUENCES 

RIGIDITY OF THE SPINE

MANAGEMENT OF STIFF JOINTS
GENERALLY

SIR WILLIAM H. BENNETT, K.C.V.O., F.R.C.S.

FIFTH EDITION

WITH 23 ILLUSTRATIONS

L O N G M A N S , G R E E N ,  A N D  C O .
39 PATERNOSTER ROW. LONDON 

NEW YORK. BOMBAY, AND CALCUTTA
1910

Title page of Bennett’s book.

* Arbeitsgemeinschaft fur Osteosynthesefragen.
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Let anyone place a normal limb in splints for 20 hours a day and 
see what it is like at the end o f a month. The result will be a useless 
limb. J. W. Dowden, 1924

(2) O pen Versus C losed Reduction

Initial attempts at open reduction with internal fixation (ORIF) 
about 150 years ago were on subcutaneous bones with easily 
diagnosed fractures, such as of the patella. But ORIF came into its 
own only after the aseptic technique and anesthesia made surgery 
safe, after X-rays made it possible to define the fracture, and after 
metallurgists gave us an inert metal.

Closed Reduction
In the early days, bonesetters used to care for fractures. They 

were not doctors—these were the days when doctors were few. 
Real doctors prescribed nostrums and turned up their noses at 
anything as gross as fractures. Before aseptic surgery, patients had 
to accept the best that manipulation could offer.

Bonesetters. Old-time bonesetters often kept their methods 
secret, much as many manufacturers do today. Their skills were 
handed down from father to son. One such family was the Thom
ases of Anglesea, Wales. The father of Hugh Owen Thomas set and 
splinted bones. One of his patients died and an inquest was held. 
Thomas was held liable but said that the patient had tampered 
with the immobilization. As a result of this experience, his son 
used a signet ring and when he had completed a dressing he 
applied a drop of wax and imprinted it with his seal to be sure it 
remained intact. I have often thought of doing this. In the United 
Kingdom there were many bonesetters, and some became famous, 
such as Joshua Ward, who reduced the dislocated thumb of King 
George II. Some became infamous, such as Mrs. Sally Mapp, the 
Bonesetter of Epsom, a town not far from London. Crazy Sally did 
not cure everyone, as appears from this advertisement:

Mrs. Sarah Mapp. From a print after 
G. Cruickshank in the British Mu
seum.



428 Chapter 20 ♦ Fracture Treatment

"Grubb Street Journal, Sept. 1, 1736

“Whereas it has been reported that I  fo u n d  great benefit fro m  
a certain fem ale  bone-setter’s performance, this is to give notice 
that any person afflicted with lameness (who are willing to know  
w hat good or harm  others m ay receive, before they venture on 
desperate measures themselves) will be welcome any m orning to 
see the dressing on m y leg, which was sound before the operation, 
a n d  they will then be able to judge o f  the performance, and  
to w hom  I  owe m y present unhappy confinem ent to m y bed 
a nd  chair.

“Thomas Barber, Talloiv Chandler
“Saffron Hill”

We should all be grateful that newspapers no longer accept 
advertisements of this nature.

In Japan, a system of fracture and dislocation care started in 
the second half of the 17th century, called Seikotsu-Jutsu. These 
surgeons did nothing but handle fractures and were called Seiko- 
suka. They were guided by three books: Seikotsu Han  by Ken 
Ninomiya, Seikotsu  Shinsho  by Bunken Koumu, and Seikotsu  
Yoketsu by Gento Yoshiwara.

More Conventional Closed Reduction

The principles of closed reduction were best described by 
Charnley:

“Contrary to popular ideas, the operative treatm ent o f  frac
tures is m uch simpler than is the non-operative. A t operation the 
fracture lies open fo r  all to see, a nd  the mechanical procedures 
which m ay be needed are obvious in the extreme. Far fro m

J o s e p h  W a ttm a n n , 1 8 2 3 , m a d e  th e s e  m o d e ls  t o  t e a c h  t h e  r e d u c t io n  
o f  d is lo c a t io n s .  A  c o v e r in g  c o u ld  b e  u s e d  to  h id e  th e  w o rk s .



Chapter 20  ♦ Fracture Treatment 429

S h o w in g  t h a t  a  s k in - t ig h t  p la s te r ,  b e a u t i f u l ly  m o l d e d  to  th e  
e x t e r n a l  s h a p e  o f  a  l im b , is  c a p a b le  o f  a l lo w in g  r e d i s p l a c e m e n t  
t o  o c c u r  b e c a u s e  i t  d o e s  n o t  e x e r t  a  t h r e e - p o in t  a c t io n .  O n  
t h e  o t h e r  h a n d ,  a  p a d d e d  p la s t e r  is  c a p a b le  o f  p r e v e n t in g  
r e d i s p l a c e m e n t ,  p r o v id e d  t h a t  i t  is  m o ld e d  in t o  t h e  c o r r e c t  
t h r e e - p o in t  f o r c e s .  F ro m  C h a r n l e y  J : T h e  C lo s e d  T r e a tm e n t  o f  
C o m m o n  F r a c tu r e s ,  3 rd  e d . E d in b u rg h :  L iv in g s to n e ,  r e p r i n t  
1 9 7 0 . U s e d  w i th  p e r m is s io n .

being a crude a nd  uncertain art, the m anipulative treatm ent o f  
fractures can be resolved into something o f  a science.

“M anual reduction o f  a case would appear no t unlike the 
assembling o f  a jigsaw  p u zzle  in the dark. The solution o f  the 
difficulty emerges only when the supreme importance o f  the soft 
tissues is appreciated. The importance o f  the soft tissues is often 
forgotten because these are not seen on an X-Ray. Bone fragm ents  
are to be regarded as o f  secondary importance to dam aged and  
undam aged soft parts: the mere fracture o f  a bone does not 
determ ine the displacements o f  its fragments. . . . The action o f  
soft tissues [is] in guiding displaced fragm ents back to their 
norm al position.

“The m echanism  o f  the soft tissue ‘hinge’— The intact fibrous 
tissues on the concave side o f  the original deform ity prevent 
over-reduction unless the force is so great that it ruptures them  
[pp. 46-47],

“Fractures w ith po ten tia l stability against shortening—I f  a 
short oblique fracture is reduced by m anipulation a n d  is then 
slightly angulated in the direction o f  over-correction, the intact 
soft tissue hinge will be p u t  into slight tension. Tension in the soft- 
tissue hinge can be m ain ta ined  by applying a plaster m oulded to 
over-correct the original angulation.

“A curved plaster is necessary to m ake a straight limb. The 
‘three p o in t’ plaster exerts pressure a t certain precisely deter
m ined  points on the skeleton and  none a t others.’’

There is a paradox that Charnley described both bonesetting 
and hip replacement—they seem to be at opposite poles of the 
orthopaedic personality.

M e c h a n i c a l  a n a l o g y  i n  r e d u c i n g  a  
C o lle s ’ f r a c tu r e .  (A ) F r a c tu r e  in  d is 
p l a c e d  p o s i t i o n  ( t e e t h  i n c o r r e c t l y  
m e s h e d ) .  (B )  F r a c tu r e  d i s t r a c te d  a n d  
b a c k w a r d  a n g u la t i o n  in c r e a s e d  in  o r 
d e r  t o  m e s h  t h e  d o r s a l  t e e th  c o r 
r e c t ly . (C )  F le x io n  w i l l  n o w  b r in g  th e  
v o la r  c o r t i c e s  c o r r e c t ly  in to  r e g is te r . 
F r o m  C h a r n l e y  J : T h e  C lo s e d  T re a t
m e n t  o f  C o m m o n  F ra c tu r e s ,  3 rd  e d . 
E d i n b u r g h :  L i v i n g s t o n e ,  r e p r i n t  
1 9 7 0 . U s e d  w i th  p e r m is s io n .

M e c h a n ic a l  a n a lo g y  o f  kinking  a  d is 
t e n d e d  b a l lo o n  to  s h o w  th e  d is a s 
t r o u s  r e s u l t s  o f  f o r c ib ly  f le x in g  th e  
t e n s e ly  s w o l le n  e l b o w  o f  a  s u p r a c o n 
d y la r  f r a c tu r e .  F r o m  C h a r n le y  J : T h e  
C lo s e d  T r e a tm e n t  o f  C o m m o n  F ra c 
t u r e s ,  3 r d  e d .  E d i n b u r g h :  L iv in g 
s to n e ,  r e p r i n t  1 9 7 0 . U s e d  w i th  p e r 
m is s io n .
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♦  William Cheselden (1688-1752)

W hile waiting for his surgical prac
tice to improve, he lectured on anat
omy and wrote a book on anatomy 
in 1714 that went through new edi
tions long after his death. Later he 
produced one of the best illustrated 
books on bones - O steograph ia , 
1733. Pictures of fractures were in
cluded. As a child, he was treated 
for an elbow fracture by a bonesetter 
with egg white and flour bandages. 
He used this for clubfeet. He teno- 
tom ized to rt ic o llis . He taught 
Belchier and ). Hunter.

Positions for Sp linting Lim bs

Pare, in the 16th century, was one of the first to draw attention 
to the ill effects resulting from splinting limbs, or allowing them to 
remain, in a bad position. By choice, limbs should be splinted in a 
functional position.

“Vicious posture increases ill symptoms.
“When the w ound is in the wrist or jo in ts  o f  the fingers 

either internally or externally, the hand m ust be kept h a lf shut 
continually m oving a ball therein. For i f  the fingers be held  
straight stretched forth, after it is cicatrized, they will be unapt 
to take up or hold anything, which is their proper faculty. B u t i f  
after it is healed it rem ains h a lf shut, no great inconvenience 
will follow  thereon: fo r  so m ay he use his hand  diverse ways to 
his sword, pike, bridle, or in anything else.”

FUNCTION OF SPLINTS
POTT, 1769

“The true an d  proper use o f  splints is, to preserve steadiness 
in the whole limb, w ithout compressing the fracture a t all. By the 

fo rm er they become very assistant to the curative intention; 
by the latter they are very capable o f  causing p a in  an d  other 
inconveniences; a t the sam e tim e that they cannot, in the nature  
o f  things, contribute to the steadiness o f  the limb.

“In  order to be o f  any real use a t all, splints should, in the 
case o f  a broken leg, reach above the knee and  below the ankle.

“By this they become really serviceable; bu t a short splint, 
which only extends a little above an d  a little below the fracture, 
an d  does not take in the two joints, is an absurdity and, w hat is 
worse, it is a mischievous absurdity.”

P las te r of Paris B andages

Bandaging should be done quickly, without pain, with ease and 
with elegance. Hippocrates

In the days of Hippocrates, bandages that set hard were used 
for nasal fractures. Initially, wheat glues were used and later, wax 
and resins. Rhazes, an Arabian physician of the 9th century, wrote:
“B ut i f  thou m ake thine apparatus w ith lim e a nd  white o f  egg, 
it  will be much handsom er an d  will no t need to be removed 
until the healing is complete

In the 18th century, Cheselden in England was a keen advocate 
of egg white bandages for fractures and the correction of club feet, 
but in Arabia, plaster was used. Mr. Eton, the British Consul in 
Bassora, wrote in 1798:

“I  saw  in the Eastern parts o f  the Empire a m ethod o f  setting 
bones practised, which appears to be worthy o f  the attention o f  
surgeons in Europe. I t is by enclosing the broken limb, after the
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bones are p u t  in their places, in a case o f  plaster o f  Paris (gyp
sum ) which takes exactly the fo rm  o f  the limb, w ithout any  
pressure, and  in  a fe w  m inutes the mass is solid a nd  strong. . . . 
This substance m ay be easily cut w ith a knife, an d  removed, and  
replaced w ith another. If, when the swelling subsides, the cavity 
is too large fo r  the limb, a hole or holes being left, liquid gypsum  
plaster m ay be poured  in, which will perfectly fill up the void, 
and  exactly f i t  the limb. A hole m ay be m ade a t firs t by placing  
an oiled cork or b it o f  wood against any p a r t where it is required, 
a nd  when the plaster is set, it is to be removed. There is nothing  
in gypsum  injurious, i f  it  be free  fro m  lime; it will soon become 
very dry a nd  light, a nd  the lim b m ay be bathed with spirits, 
which will penetrate through the covering. I  saw  a case o f  a m ost 
terrible com pound fracture o f  the leg and  thigh, by the fa ll o f  a 
cannon, cured in  this manner. The person was seated on the 
ground, an d  the plaster case extended fro m  below the heel to the 
upper p a rt o f  his thigh, whence a bandage, fastened  into the 
plaster, w ent round his body."

In India, too, similar methods were used. Sir George Ballingall 
wrote in Outline o f  M ilitary Surgery in 1852:

“The practice o f  enveloping fractured limbs in splints and  
bandages, w ithout undoing them, fo r  weeks together, is akin  to 
that followed by the natives o f  India o f  enclosing fractured limbs 
in moulds o f  clay. O f the successful result o f  this practice I  
remember a  remarkable instance in the case o f  a little boy who  
was brought into m y tent one morning, having been run  over 
by a waggon on the line o f  march, an d  having sustained a severe 
com pound fracture o f  the leg. I  was preparing to am putate this 
boy’s limb when the parents came in a nd  carried h im  away to a 
potter in an  adjoining village, who enveloped the leg in clay, and  
I  believe fina lly cured the patient.”

In Europe Hubenthal seems to have used plaster of Paris in 
1816; it was mixed with ground-up blotting paper. Twelve years 
later Koyle and Kluge introduced a plaster box to the Charite 
Hospital, Berlin. The injured limb was laid in a wooden box into 
which plaster was poured. But while these developments were 
going on, egg white remained the favorite bonding agent. Louis 
Seutin, senior medical officer of the Belgian Army, inaugurated a 
period of starch bandages in 1834 and realized that it was better if 
patients with fractures of the leg could be ambulatory.

A nother Army surgeon—Mathijsen, in the D utch Army— 
introduced plaster bandages in 1852. The technique was popular
ized by its extensive use in the Crimean War.

The Russian surgical genius Nikolai Pirogoff began to cast 
fractures in plaster bandages, independently of Mathijsen, about 
the same time. He used them  in the Seige of Sebastopol. In 
America, Samuel St. John of New York was a strong advocate of 
plaster because, he taught, the splint should be fitted to the limb, 
and not the limb to the splint. He introduced the padding of

♦ Louis Jean Seutin (1793-1865)

Chief Surgeon to the Belgian Army. 
He was at the Battle of Waterloo. He 
married an heiress and renounced 
private practice. In 1835 he came 
across a goat with a broken leg next 
to a linen-starching shop. Eureka, 
the starch bandage was reinvented! 
He wrote a book about this bandage 
in 1840 and went on lecture tours 
to promote it. He was awarded med
als for his great gift to humanity and 
became a Baron.
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♦ Antonius Mathijsen (1805-1878)

plasters with cotton wadding and, like Mathijsen, split the plaster 
while it was wet.

But voices were raised against plaster immobilization of 
fractures—Hugh Owen Thomas wrote that “it did not allow fre
quen t inspection, was m uch labour a t first, a nd  little afterwards, 
and  provided no opportunity fo r  the display o f  skill'.' He thought 
that compression and covering up an injured limb reduced its 
vitality. A splint allowed the position to be improved as the fracture 
softened. About the same time, a man with ideas diametrically 
opposed to those of Thomas, Lucas-Champonniere, was ques
tioning the tenets of fracture treatment. He was concerned with 
movement after the fracture had healed. “ The return o f  the limb  
to the m ax im um  possible m uscular strength, and  the m axim um  
jo in t  m obility is a hundred times more im portant than the exact 
fo rm  o f  the skeleton'.' Callus formation was encouraged by regu
lated movement that kept the joints moving. Further, if the limb 
were left free, the bone remained strong and was less likely to 
refracture.

The Crimean War spread the word about plaster fixation, but 
it was during World War I, w hen radiology was used for the first 
time on a large scale for the treatment of fractures, that the use of 
plaster became popular.

A n to n iu s  M a th ijse n  (1 8 0 5  —1878)

Mathijsen was born in Brudel, a small village in North Brabant, 
Holland, of a medical family, and trained as a military surgeon at 
Brussels and Utrecht. In 1831 he was involved in a 10-day campaign 
in Belgium and was decorated.

Mathijsen wrote a short paper on plaster splints in 1852 and 
a monograph in 1854. The idea caught on rapidly—in 1858 he 
devised plaster shears and was widely honored for his inventive
ness. A monument was erected in 1948 at Brudel to commemorate 
him, and his portrait appeared on a Dutch stamp.

THE INVENTION O F PLASTER APPLIANCES

MATHIJSEN, 1852

“A t the end  o f  1851, when I  was stationed a t Harlem (N. 
Holland), I  m ade m y first attem pt to use plaster fo r  surgical 
treatment. The bandages which I  m ade a t tha t tim e consisted o f  
a layer o f  dry plaster in pow der fo rm  spread evenly between two 
compresses. The w ounded limb was placed on this; the bandage 
was then well wetted and  w ound around the limb. In this way 
the w ounded limb was given a solid shell; however, when one 
w anted to strip o ff  this casing to exam ine the injured parts, the 
bed o f  plaster broke, an d  the bandage lost its shape an d  strength.

“Soon I  succeeded in introducing an improved modification 
to this poultice-like bandage. Im m ediately after having wet the 
bandage, I  m arked ou t a  groove along it, parallel to the limb, 
using the edge o f  a  spatula; in this w ay the plaster could be
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hinged a nd  one could even separate the slabs w ithout running  
the risk o f  breaking or dam aging the plaster.

"As I  realised tha t m y methods had resulted in success I  
continued m y experiments assiduously for, although the groove 
allowed the bandage to be removed fa irly  easily, it was still fa r  
fro m  w hat it should be to compete w ith other methods o f  treat
ment; it was too heavy a nd  was not firm  enough.

“To overcome these problems, I  looked fo r  a substance which  
could be m ixed w ith the plaster to give it more firmness, render 
it less easily breakable an d  thus obtain a strong appliance. How
ever, m y search proved fruitless.

“Then I  struck upon the idea o f  spreading the plaster in thin 
layers between three or fo u r  compresses a nd  rubbing it into the 
closely woven weft o f  the pieces o f  material. The result was ju s t  
w hat I  wanted: the appliances m ade fro m  these plastered pieces 
o f  material were light, firm , a nd  elastic, a nd  thus I  realised 
m y aim.

“Soon I  also tried using plaster w ith pieces o f  cotton and  
partly worn linen which worked perfectly—in this w ay I  obtained  
cottonplaster. From the original large sheet I  cut o ff  pieces in 
various sized strips, w ith  which I  very easily m ade various types 
o f  bandage. These bandages satisfied me on all counts, a n d  I  
can confidently attribute them with the follow ing properties a nd  
advantages:

(1j  Simplicity: To m ake up plaster bandages one only needs 
some cotton or woollen material, some plaster, a n d  water, and  
one can dispense with splints a nd  other sim ilar things.

(2) Easy Application: The strips o f  bandage can be p u t on  
in the easiest way: one w inds the plastered pieces around the 
affected p a r t like ordinary bandages; they shape themselves, so 
to speak, and  one im m ediately obtains a solid shell which en
cases the affected p a r t exactly.

(3) Instant Setting: This is a quality which no other appli
ance possesses, an d  this gives a particular advantage to plaster 
bandage. To ju stify  this statement, one has only to consider 
fracture cases which involve fre tfu l children, agitated or delirious 
patients, a nd  above all, injuries on the battlefield. This instant- 
setting property o f  plaster would allow the evacuation o f  battle
fie ld  casualties by any means o f  transport, w ithout exposing 
them to the appalling dangers a nd  suffering with which they are 
threatened today.

(4) Plaster bandages can be applied w ithout assistance.
(5) Plaster bandages can be applied in a fe w  minutes.
(6) Complete Fixation: This bandage can be m ade so firm  

that it resists heavy knocks.
(7) R em ovability: The p laster appliance can be applied  

straight away as a bivalve. One can easily change the fixed  
bandage into a removable one, by cutting with large scissors.

(8) It has exact retention, because the plaster bandage en
cases the parts w ith the sam e strength all over; the parts rest on  
as wide a surface as possible—fo r  this reason the injured p a r t is 
well supported a nd  does no t become tired.
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(9) The plaster bandage m ain ta ins extension a n d  counter
extension fro m  the tim e o f  application. Because o f  this one does 
not need any other temporary appliances, as one does w ith other 
fixed  apparatus.

(10) Porosity: This property allows cutaneous perspiration  
to evaporate through the plaster shell, and  also allows any other 
f lu id  secreted beneath the bandage to come through the plaster 
a nd  thus give w arning o f  unexpected complications.

(11) The plaster appliance resists all types o f  liquid action: 
neither urine, p u s  nor water harm[s] its firm ness or strength in 
any way.

(12) Plaster can be easily removed: to do so, one wets the 
bandage w ith water a n d  unrolls it like an  ordinary bandage— in 
a fe w  m inutes one can remove or re-apply the plaster bandage.

(13) Price: no other appliance is as cheap.
(14) Appearance: the plaster appliance excels in its regular 

a nd  beautiful appearance.
“From all the properties that I  have ju s t  m entioned one can 

conclude a priori tha t no t only can these bandages be applied in 
cases o f  fractures o f  the limbs a nd  trunk, bu t also in cases o f  
those infirm ities know n as orthopaedic maladies, a nd  in general 
in  all cases in which M. Seutin has used his starch bandages; 
also, this technique has the advantage tha t dressings can be 
greatly simplified: splints, cradles, etc., can be abandoned; there 
is also the advantage o f  having few er objects to carry about, 
which is o f  the greatest importance, particularly in battlefield sur
gery.

“I t  is obvious tha t one could also use these bandages very 
advantageously in veterinary surgery.”

THE THOM AS SPLINT

HUGH OWEN THOMAS

R obert J o n es’ V iews on Thom as Splints, 1925

“The Great War afforded the m ost convincing p ro o f o f  the 
m ishandling o f  complicated, an d  even o f  simple, fractures. Frac
tures o f  the fem u r  serve as a notable example. The splint with  
which we are all so familiar, invented by Thomas, was barely 
known, a nd  ye t it was the type o f  splint which ultim ately saved  
the s itua tion . In  1916  the m o rta lity  fr o m  these frac tures  
am ounted  to 80 per cent, a large proportion o f  the deaths oc
curring on their way to or a t Casualty Clearing Stations. Later, 
when the Thomas Splint was applied alm ost exclusively, a nd  as 
near to the fir ing  line as possible, the mortality in 1918 was 
reduced to 20 p er  cent.”

It is ironic that on one of the few occasions Hugh Owen 
Thomas left his practice, he went to offer this splint to the French 
Army in the 1870s, and that it was refused.
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THE KNEE APPLIANCE 

HUGH OWEN THOMAS, 1875

“The upper crescent is fo rm ed  o f  an  iron ring three-eighths 
o f  an inch thick, varying according to the age and  w eight o f  the 
patient. The ring is nearly ovoid in shape a nd  is covered with  
boiler fe lt  a n d  basil leather; fro m  its upper and  lower portions  
two iron rods pass dow n to the lower end o f  the machine, where 
m ay be noticed a sm all staple fo r  retention purposes, only used  
fo r  the reduction o f  flexion.

“The ovoid ring should jo in  the inner stem, fo rm ing  an angle 
o f  55 degrees, which when correctly padded  becomes reduced to 
45 degrees. This arrangem ent o f  the splint w ill be the most 
acceptable fo r  wearing. The staple can be cu t o ff  a t a subsequent 
stage a nd  replaced by a patten, which is welded on in  its place, 
fo r  the use o f  the p a tien t in locomotion.”

This was designed for the treatment of tuberculous knees in 
order to achieve “prolonged, uninterrupted, and enforced rest” in 
the extended position so that the infection could settle and leave 
an undeformed joint. He also used it for femoral shaft fractures, 
and to mobilize amputations before a prosthesis could be fitted. 
The basic splint had several variations. He put wheels on the lower 
end to make it more comfortable in bed rather than sling it up. 
The lower end had a patten for walking, and he developed one 
with the ring in two halves (inner and outer) for use when the 
knee was very swollen.

Traction

Since the earliest days traction has been used to reduce disloca
tions. Hippocrates used his heel, ladders, poles, and a sort of 

rack known as the scamnum of Hippocrates. His successors vied 
with one another to produce ever more fearsome equipment with 
more pulleys, longer levers, and stronger ropes. These were for 
short, sharp pulls. This sort of equipment was quite unsuited for 
prolonged traction as it damaged the skin and impaired the circula
tion. Anesthesia has largely abolished the need for brute force; but 
there are fracture tables to remind us of those rack and pinion days.

It is not surprising that continuous traction is of recent origin. 
In the past, unreduced simple fractures and circumferential ban
dages used to produce a toll of ulcers, gangrene, and erysipelas, 
without adding the hazard of badly applied continuous traction. A 
method of applying continuous traction without these complica
tions proved difficult to find. Fractures of the femur were the first 
to be treated by continuous traction as the undamaged shin pro
vided some sort of purchase. In the 18th century several surgeons, 
such as Pott and Petit, began to use inclined planes. They had the 
first realization that gravity could be used to maintain the position. 
Much later, in 1839, John Haddy James of Exeter (1788-1869)

The T hom as splin t. From Thomas 
HO: Hip, Knee, and Ankle. Self-pub
lished, 1876.
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Hippocrates’ scamnum, from Sculetus’ 17th century book. Hip
pocrates suggests that every practitioner w ith an interest in 
fractures should invest in this equipment. It is hard to believe 
that it did more good than harm.

Bryant’s traction, 1872.

♦ Thomas Bryant

described continuous traction using a weight suspended over a 
pulley. He bandaged the leg to a wooden splint that rested on 
rollers; a string from the splint passed over a pulley to a weight. 
As he did not tip the bed, the patient was fixed to the headboard 
by a harness, to prevent him from being pulled out of bed feet first 
by the weight.

Josse, of Amiens, had solved the problem differently two years 
before. He lashed the patient’s foot to the raised end of the bed.

It was some 26 years before the two ideas were amalgamated. 
Straight leg traction was popularized in the American Civil War. At

Galen’s glossocomium, for fractures of the femur, dates from the 1st century. This 
w ood engraving is from a 1625 edition of one of his books.
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Malgaigne’s claw for fractures of the patella. The 
fracture was held together w ithout the need to 
open it—safe in the days before aseptic surgery, 
1847.

the beginning of this war, in I860, Gurdon Buck described a 
simple form of traction, easily applied in wartime conditions. His 
description follows later, from which it will be seen that the 
meaning of Buck’s traction was changed through the years.

It was another war, the Balkan war, that saw the introduction, 
by a Dutch ambulance unit, of the Balkan beam—an overhead 
system clamped to the bed—in 1903. About this time the standard 
of conservative treatment received a stimulus to improve; X-rays 
and internal fixation were becoming available. A poor position was 
less easily tolerated, and the search began for more sophisticated 
forms of traction. Codivilla tried applying traction to a below-knee 
plaster but found that it produced skin necrosis. Skeletal traction 
was introduced. It had its antecedents in the ice tongs that Mal
gaigne used to hold a fractured patella together, more than 50 years 
before. Martin Kirschner (1879-1942), a surgeon at Heidelberg, 
used thin wires in 1909; he inserted them at first both above and 
below the fracture line and, with the aid of a distraction apparatus, 
prevented overlapping. Fritz Steinmann (1872-1932), a surgeon at 
Berne, introduced thicker pins and stirrups in 1911. He introduced 
the sites at which this form of traction is applied—femoral condyle, 
tibial tubercle, and calcaneum.

At its inception, opponents to skeletal traction maintained that 
it was a “compromise between inefficient closed operation and a 
hazardous open operation.”

There are many methods of applying traction. But the best thing for 
any physician who practices in a large city, is to have prepared a proper 
wooden machine, with all the mechanical powers applicable in cases of 
fractures and dislocation. Hippocrates on fractures

G urdon Buck (1807-1877)

Buck was a general surgeon in New York. He described a form 
of extension for fractures of the femoral shaft just before the 
American Civil War. It proved popular in the war and preserved 
his name for posterity. Genealogists have established that the Gur
don family came to England with William the Conqueror, and 
another stem came to America with the Pilgrim Fathers. Gurdon 
Buck’s father ran a shipping business in New York. Buck studied 
medicine, and graduated in 1830. After a period as a house physi

♦ Martin Kirschner

♦  Gurdon Buck
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cian at New York Hospital, he went to Europe to study surgery, 
spending two years visiting Paris, Vienna, and Berlin.

In 1837 he was visiting surgeon to the New York Hospital. His 
particular field of interest was plastic surgery—the Civil War left 
an aftermath of facial injuries that he repaired with rotation and 
pedicle flaps; secondary defects were left to heal by themselves. A 
year before he died, he published a classic, entitled Reparative 
Surgery, which is filled with striking illustrations. In addition he 
was a good anatomist, describing Buck’s fascia of the perineum.

BUCK'S EXTENSION  
1860

[Dr. Gurdon Buck read an interesting paper upon a new treat
ment for fractures of the femur, of which the following is an 
abstract:]

“The appliances to the lim b itself fo r  the purpose o f  m aking  
extension are the sam e as have been in use in our hospitals fo r  
several years past, a nd  are as follows: A roller bandage is com
menced a t the toes in the usual way, a nd  continued to the ankles, 
where it is temporarily arrested. A band o f  adhesive plaster two 
a nd  a h a lf to three inches broad, an d  long enough to allow the 
middle o f  it to fo rm  a loop below the sole o f  the foot, and  the 
ends to extend above the condyles o f  the femur, is then applied 
on either side, in im m ediate contact w ith the limb, fro m  the 
ankle upwards. Over this the bandage is continued as high up as 
the plaster. A thin block o f  w ood o f  the w idth o f  the plaster, and  
long enough to prevent pressure over the ankle, is inserted into 
the loop, a nd  serves fo r  the a ttachm ent o f  the extending cord, 
which is fastened  to an elastic rubber band  (such as is used fo r  
door springs) tha t passes round the block. By this arrangement 
elasticity is com bined with the extension. The limb is now  pre
pared to be p u t  under extension. The arrangem ent fo r  the pulley  
is very simple. A strip o f  inch board three inches wide is fastened  
upright to the fo o t o f  the bedstead, a nd  perforated a t the height 
o f  fo u r  or five  inches above the level o f  the mattress. Through this 
hole the extending cord is to be passed, a nd  on the fu rth er  side 
o f  the strap a screw pulley should be inserted a t the proper level 
over which the cord, w ith the weight attached, is to play, The 
footboard o f  the bedstead, i f  there is one, m ay be perforated a t 
the proper level, a n d  the screw pulley inserted in the fu rth er  side 
o f  it, so as to answer equally well. To allow the application o f  
lotions to the thigh during the first fe w  days o f  treatment, the 
ends o f  the adhesive bands should stop short a t the condyles o f  
the femur, a nd  be turned down. They m ay afterwards be replaced 
upon the thigh a nd  the bandages continued over them, prepara
tory to the application o f  the coaptation splints, which should be 
added a t this stage o f  the treatment. The coaptation splints, which 
m ay be o f  the ordinary sort, should be secured by those elastic 
bands, like suspender webbing fitted  with buckles; these have the 
advantage o f  keeping up uniform  concentric pressure as the limb 
dim inishes fro m  the subsidence o f  swelling. Counter-extension 
m ust be m ain ta ined  by the usual perineum  band lengthened ou t
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in the direction o f  the long axis o f  the body, a nd  fastened  to the 
head o f the bedstead. India  rubber tubing o f  three quarters o f  
an inch calibre, stuffed w ith a skein o f  cotton lam p wick, makes 
an excellent perineum  strap. A piece o f  two fee t long w ith a ring 
fastened a t each end answers this purpose admirably. A thin, 
wedge-shaped hair cushion, to raise the heel above the mattress, 
a nd  a bag filled with bran or sand to place on the outside o f  
the fo o t to prevent rotation outwards, complete the appliances 
requisite to carry o u t this m ethod o f  treatment. There need be no 
delay in its application. The sooner after the occurrence o f  the 
injury, the limb is p u t  up, the better. The contraction o f  the 
muscles is thus antagonised fro m  the outset, a nd  the rough ends 
o f  the fragm ents are prevented fro m  fretting  the soft parts.”

[The author then gave twenty-one cases in detail where this 
treatment was employed; and the results, as shown by actual 
measurement, are equal to any that have hitherto been obtained. 
Dr. Buck claims for the apparatus the following advantages:]

“I. I t  m aintains uninterrupted and  efficient extension with
out producing intolerable pain, excoriations, sloughing, a nd  te
dious sores.
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II. It dim inishes very materially the suffering o f  the pa tien t 
a nd  the irksomeness o f  long confinem ent to one position. There 
is no inconvenience attending the evacuation o f  the bowels.

III. It is cheap a nd  easy o f  application.
TV It is not liable to become deranged, thus rendering it 

unnecessary fo r  as frequen t visits on the p a r t o f  the surgeon as 
when the ordinary apparatus is applied. The author considers it 
very necessary to apply coaptation splints, fo r  reasons already 
given.”

♦  Hamilton Russell

Robert H am ilton Russell (I860 -1933)

Russell was bom  in Kent and was Lister’s house surgeon. He 
emigrated to Melbourne in 1890. He brought antiseptic surgery 
with him and did much to establish a high standard of general 
surgery in Australia. In particular he founded the College of Sur
geons of Australasia and was its first Director-General.

He is remembered for devising a very useful system of traction; 
though now used to relieve the painful spasm of an irritable hip 
from any cause, it was designed for something different. Percivall 
Pott used to teach that the deformity of long bone fractures was 
maintained by muscle pull and that the muscles must be relaxed 
for reduction to be stable. Russell had the same approach—his 
traction was designed to circumvent undesirable muscle spasm in 
fractures of the femur. It is not much used today as it requires 
constant vigilance.

In the Outback he sustained a Colles’ fracture and as there 
was no medical help near he promptly reduced it himself and 
continued to treat it.

He was killed in a motor accident.
In a previous book I included the complete article. At that 

time, patients in traction distinguished the orthopaedic ward from 
other wards in a hospital. Coping with traction made it necessary 
for nurses to take special diplomas in orthopaedic nursing. Today 
traction is a rare sight, and this paper is on its way out and has 
been greatly shortened.

FRACTURE O F THE FEMUR: A CLIN ICAL  
STUDY

R. HAMILTON RUSSELL, 1924

“Let us suppose a p a tien t w ith fracture o f  the middle o f  the 
fem ora l shaft ju s t  adm itted  to hospital. The thigh is shortened. 
Why? The shortening is caused by the tonic contraction o f  certain 
long muscles that are attached above to the pelvic bone, and  
traverse the entire length o f  the thigh to be inserted into the tibia 
a nd  fibula. O f these there are two opposing sets, consisting (in 
the m ain) o f  the ham strings a nd  the rectus femoris.

“The num erous muscles that are attached to the fem u r  itself 
play little i f  any p a r t in the production o f  shortening.

“The house surgeon’s duty will be to take the measurements 
a t least every m orning a nd  evening, a nd  to inspect a nd  adjust
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the pillows beneath the thigh an d  the leg so tha t there m ay be no 
backward sagging a t the seat o f  fracture an d  the heel shall not 
be in contact w ith the bed. I t is very little to require o f  him; but 
while it is very little a n d  very easy, ye t it is absolutely indispens
able a nd  m ust be fa ith fu lly  given. The apparatus is fa r  fro m  
being foo l-proof an d  cannot a nd  will no t look after itself.

“One more word as to the significance o f  comfort. Comfort 
is the first essential in the treatm ent o f  a  fracture. No apparatus 
that is no t perfectly comfortable can be a good apparatus, fo r  the 
muscles will never be a t rest, b u t will always be striving to 
achieve a position o f  greater comfort. Moreover, there is, I  am  
convinced, a direct rela tionsh ip  betw een com fort a n d  rapid  
union, a nd  an equally direct relationship between discomfort 
a nd  delayed union, feeble union, a nd  non-union. Explain this 
how we may, I  have no doubt whatever about the clinical fa c t as 
a matter o f  bedside observation. Therefore let us never be content 
with any means, no m atter how  ingenious, a nd  complicated, a nd  
satisfying to our theoretical preconceptions, tha t is not perfectly 
comfortable.”
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Steinmann traction, 1912.

A NEW TRACTION METHOD IN THE 
TREATMENT OF FRACTURES

DR. FR. STEINMANN OF BERN, 1907

“The employers’ liability act a nd  roentgenray photography 
have shown us how bad the results o f  fracture treatm ent still are 
in general. When we th ink tha t according to Hoffa, two thirds o f  
disability compensation is accounted fo r  by fractures, we can 
judge w hat improvem ent in the national economy even the least 
improvements in this treatm ent represents. The most frequen t 
causes o f  trouble after fractures are severe contractions and  
stiffness o f  the involved joints, then muscle atrophy, hypertrophic 
callus, decubitus, gangrene an d  so forth. Various methods have 
been attem pted in fracture therapy, fro m  the purely anatom ic  
(open suture) to the purely func tiona l (Lucas-Championniere). 
The essence o f  successful fracture therapy lies in the correct 
com bination o f  both. The fragm ents m ust be well reduced and  
reduction maintained; bu t the fu n c tio n  o f  the uninjured neigh
boring muscles a nd  jo in ts  on the contrary m ust be immediately 
exercised (early motion, massage). Extension best meets this re
quirement.

“Bardenheuer gained considerable competence with traction 
a nd  obtained the best results o f  modern times. Next to the devel
opm ent o f  transverse and  rotational traction, one o f  his chief 
innovations is the introduction o f  the use o f  sufficient weight to 
overcome the displacement, tha t is, m uch greater weight than  
was form erly employed (e.g., 30  Kg. fo r  fem oral shaft fractures). 
The high weight m ust be applied fro m  the first day. Along with  
this, g ym n a stic  m easures shou ld  be in stitu ted  early. The 
Bardenheuer adhesive plaster bandages served these dem ands 
better than all others. B u t these too have their drawbacks. The 
technic is not easy; fo r  it, one needs continual control, which in 
reality can hardly be conducted properly in a hospital, an d  in 
rural circumstances it is impossible. To use traction o f  15 to 30  
Kg. by m eans o f  adhesive plaster bandages w ithout pressure or 
dam age is an  art. We see eczema, decubitus and  even gangrene 
appear with adhesive plaster traction. I  m yself have seen a case 
o f  the last in a hospital which led to amputation. Bardenheuer 
would certainly object that such a case could be traced back to 
a defect in technic or control. I t merely proves to m e that adhesive 
plaster traction is not simple enough to m ake such an occurrence 
impossible.

“I  believe tha t the procedure tha t I  now present as nail 
traction is a m ethod which does no t possess all these disadvan
tages. Let us take, fo r  example, a  fem ora l shaft fracture. My 
m anagem ent o f  this is as follows. I  take 2  very pointed, slender, 
nickel-plated steel nails fro m  6  to 8  cm. long w ith a broad head, 
sterilize them by boiling, an d  strike them w ith a ham m er through 
opposite sides a t the lower end o f  the fe m u r  through the disin
fected skin  a nd  the soft tissues into the condyles. As place o f  entry 
I  sometimes choose the upper edge o f  the condyle a nd  direct the 
p o in t obliquely dow m vard toward the opposite epicondyle. A t 
entering, the nail is held w ith a sterilized p a ir  o f  pliers. From the
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head o f  the nail projecting about 1 cm. ou t o f  the skin, a suitable 
weight can be attached by cord, or better by wire, on the usual 
traction apparatus. The traction is set up in a fe w  minutes.

“The insertion o f  the nail is in itself bearable w ithout local 
anesthesia, as I  have proved in the fixa tion  o f  a chronic clavicu
lar luxation. In  fractures, because o f  anticipated shock, usually I  
have given a short anesthesia, less often in fractures o f  the leg, 
or a t times om itted it here unless the p a tien t had  com plained o f  
unbearable pain. Perhaps, a satisfactory fixa tion  o f  the outer 
fragm ents or the construction o f  an apparatus to drive the nail 
more slowly w ould  m ake the anesthesia unnecessary. B u t the 
latter (anesthesia) has the advantage tha t the p a tien t sees noth
ing a nd  is no t disturbed by the idea o f  a nail driven through 
the bone.

“The m ethod is still new a nd  certainly capable o f  m any  
improvements. I  believe that a  useful procedure is presented, and  
it seems to m e that whoever has seen it work on a fem ora l 
fracture would agree.”

O pen ■Reduction and 
Jntepnal Fixation

Although wiring fractures is ancient, ORIF became practical 
only after aseptic technique and anesthesia made surgery safe. 
Little was done until the discovery of X-rays because it was essential 
to define the fracture to be sure that the primitive implants were 
capable of holding the fracture. Corrosion was soon a 
problem—ORIF started before the concept of stainless steel—later 
metallurgy delivered an inert metal.

Sir W illiam  Arbuthnot Lane (1856 —1938)

Arbuthnot Lane was a superb technician, and this was to some 
extent his downfall in his later years—operating became safe and 
enabled him to perform hundreds of colectomies for constipation.

He was born at Inverness, the son of an army surgeon, and 
began to study at Guy’s Hospital at the age of 16. For the first six 
years after qualifying, apart from a period as a ship’s surgeon, he 
studied in the dissecting room, trying to relate occupation to 
skeletal form. Conan Doyle is said to have had him in mind to 
some extent w hen he created Sherlock Holmes. He paid great 
attention to the effects of fractures on joint form. The deleterious 
effect of malunion on the joint and the earning capacity of the 
patient led him to undertake internal fixation of fractures. In 1892 
he originated the “no touch” technique, which was used for so 
many years, to make surgery safe. After screwing a few fractures 
of the tibia with success, he proceeded to fix with screws all those 
he came across in order to show other surgeons that it could be 
done and that it was safe. The metal he used was ordinary steel, 
which became corroded—fortunately the film of rust that formed

♦ Sir William Arbuthnot Lane 
(1856-1938)
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acted to some extent as an insulator, preventing gross oxidation. If 
dissimilar metals are used this film does not form, and a severe 
electrolyte reaction occurs, leading to destruction of the metal and 
inflammation of the tissues. In 1905 he started to use plates. 
Though internal fixation had been used sporadically for almost a 
century before in the form of bronze and silver wire, it was 
Arbuthnot Lane who made internal fixation a practical procedure, 
and he wrote a book about his methods.

He was always a general surgeon; he was one of the first to 
open the mastoid antrum for an infected mastoid and to resect 
part of a rib for empyema. The enthusiasm he brought to colonic 
surgery was his chief claim to fame. It was his opinion that diseases 
such as tuberculosis of bone, rheumatoid arthritis, and many other 
conditions were largely due to constipation, and he treated them 
by ileocolectomy. He removed colons wholesale; he introduced 
liquid paraffin to the pharmocopeia. Finally he realized he could 
not cope with the therapeutic problem he had set for himself and 
started a program of health education. He initiated columns in 
newspapers, public lectures, and the New Health Society. He re
signed from the Medical Register before embarking on this so that 
he could not be accused of unethical conduct. He raised money to 
found the first Chair of Dietetics, and improved the distribution of 
fruit and vegetables.

He did the first open cardiac massage w hen a patient whose 
abdomen he was operating on had a cardiac arrest. The heart 
started again, and the patient recovered. Though the things he was 
most devoted to seem to have been the triumph of technique over 
reason, he started a new  era of fracture treatment.

A METHOD OF TREATING SIMPLE 
OBLIQUE FRACTURES OF THE TIBIA AND 
FIBULA MORE EFFICIENT THAN THOSE IN 

COMMON USE
W. ARBUTHNOT LANE, M.S., 1894

“M y experience o f  the u sua l m ethods o f  treating sim ple  
oblique fractures o f  the tibia an d  fibu la  in certain classes o f  
labouring men, by m anipulation  o f  the fragm ents and  the subse
quen t retention o f  the lim b in som e fo rm  o f  splint, is that the 
results so obtained are bu t too frequently  unsatisfactory in the 
extreme.

“I  do no t allude to the presence o f  any considerable shorten
ing or deformity, fo r  w ith moderate skill a nd  care such conditions 
can be generally avoided, though in some cases deformity and  
shortening are noticeable features. In this paper I  will confine 
m yself solely to the consideration o f  the physical capacity o f  the 
m a n  to perform  his accustom ed heavy work after he has sus
tained an  oblique fracture o f  both bones o f  the leg, or in other 
words o f  his relative financia l value as a machine, both before 
a nd  after the accident, a nd  I  have no hesitation whatever in 
asserting that, u n d er the m ethods o f  trea tm en t a t p resen t 
adopted, no t only is the m an  totally incapacitated fro m  earning  

Title page of Lane’s book. a living fo r  an unnecessarily long period, b u t in  a considerable
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proportion o f  cases he is unable subsequently to perform  such 
heavy work as he was able to do before the injury, so tha t he is 
obliged to follow  som e less remunerative pursuit, i f  indeed he 
has no t to depend solely on charity. In  fact, his m achinery is 
financially depreciated by the accident, occasionally to the extent 
o f  a t least 70 to 80 p er  cent o f  its original value.

“I f  w hat I  state is true, the fo rm  o f  treatm ent o f  such fractures 
which is universally adopted in our hospitals is simply disastrous, 
an d  can only be perpetuated because we are unaware o f  the 
financia l loss or even ruin  which our very imperfect surgical 
methods entail on our unfortunate patients. Though the shorten
ing an d  deform ity are usually trifling, the som ew hat complicated 
displacement o f  the ends o f  the fragm ents on one another is 
sufficient to completely alter, a n d  often irretrievably damage, the 
m achinery o f  the lower extremity. The deviation o f  the axes o f  
the lower fragm ents o f  the tibia a nd  fibu la  fro m  the directions 
they originally occupied when in continuity w ith the upper por
tions o f  the respective bones causes pressure to be transm itted  
through the jo in ts  o f  the ankle a nd  foot, o f  the knee, a nd  to some 
extent even o f  the hip, in such an  abnorm al m anner that the 
individual experiences no t only a feeling o f  insecurity in these 
joints, which is especially m arked in the fo o t a nd  ankle, bu t he 
also suffers fro m  progressively increasing p a in  a n d  discomfort.

“This m eans that the anatom y o f  the several jo in ts  which 
are called upon to perform  a fu n c tio n  other than tha t they were 
accustomed to carry ou t m ust alter in consequence of, an d  in 
proportion to, the degree in which the directions o f  the lines o f  
pressure which is transm itted through the jo in ts  are [sic] changed.

“Under these altered circumstances the jo in ts  are unable to 
carry ou t their physiological functions w ith the sam e accuracy 
and  perfection tha t they did previous to the accident, a n d  this 
inability is a progressive one, an d  is accom panied by p a in  and  
discomfort which increases rapidly, an d  is m ost marked in those 
who sustain such fractures when p a st middle age.

“Even i f  there is only a sm all proportion o f  truth in w hat I  
assert—a nd  in m y opinion m y experience justifies m e in m aking



446  Chapter 20 ♦ Fracture Treatment

♦ Laurent Jean Baptiste Berenger- 
Feraud (1832-1900)

The son of a naval surgeon, he be
came surgeon-in-chief of the French 
Navy. W hile a student in Toulon he 
saw  patients w ith  open fractures 
treated by wiring and made this the 
subject of his thesis. He had two 
careers— one as an army surgeon in 
which he treated fractures and wrote 
the first book on open reduction, Im
mobilisation Directe, in 1870. His 
other career was as a naval surgeon 
interested in tropical disease; he de
scribed blackwater fever.

the assertion— it is obvious fo lly to continue our present methods 
o f  treatment, especially as more effectual means are ready to 
hand.

“Why should we hesitate fo r  one m om ent to bring com m on  
sense m echanical principles to bear in the case o f  simple fractures 
o f  the tibia a nd  fibula, when m ost surgeons o f  the present day 
would n o t dream o f  doing otherwise in the case o f  fracture o f  
the patella w ith separation o f  fragm ents? May I  ask this question: 
are we able by operative measures to treat oblique fractures o f  
the tibia a nd  fibu la  so that there shall be no alteration fro m  the 
norm al in the lines o f  pressure through the several joints? In 
other words, can we restore the bones to their original form ? This 
can certainly be done, a nd  a t a m in im u m  risk to the patient, by 
freely exposing the fragm ents a t the seat o f  fracture, by bringing 
the surfaces into accurate apposition, a n d  retaining them perm a
nently in that position.

“Such operative measures offer to the p a tien t the following  
advantages:

(a) They a t once relieve h im  fro m  the p a in  o f  any m ovem ent 
o f  the fragm ents upon one another.

(b) They free h im  fro m  the tension a nd  discomfort due to 
the extensive extravasation o f  blood between a nd  into the tissues.

(c) They shorten the duration o f  the period during which 
he is incapacitated fro m  work, since union  is practically by first 
intention, a nd  consequently very rapid a nd  perfect.

(d) Lastly, a n d  by fa r  the m ost important, they leave his 
skeletal mechanics in the condition in which they were before he 
sustained the injury.

“The two questions which now  arise are: Is much difficulty 
experienced in bringing the surfaces into accurate apposition? 
a nd  What is the best m ethod o f  retaining them in tha t apposi
tion?

“In answ er to the first question, it is often very difficult, even 
when the tibial fracture is freely exposed, to bring the surfaces 
into apposition by m eans o f  m anipulation o f  the lim b a nd  o f  
the broken ends, bu t in every case in which I  have used screw 
pressure I  have succeeded in doing so. A t the sam e tim e it is 
obvious tha t even though by these means the surgeon m ay fa il  
in obtaining perfectly accurate apposition, he will get un ion  with 
very m uch less displacement than w ith the ordinary methods, 
a n d  consequently, a correspondingly better result.

“Now as regards the best means o f  fixa tion  o f  the fragments: 
in m y earlier cases I  used silver wire, bu t soon gave it up, as it 
was open to two great objections. Firstly, as it is necessary to 

fasten  its ends, it could only be passed in certain directions w ith  
safety, a n d  to secure it satisfactorily one was a t times obliged to 
incise the parts very freely. Secondly, one frequently fo u n d  that 
no a m o u n t o f  traction upon the ends o f  the wires would retain 
the surfaces in accurate apposition after the grip o f  the lion 

forceps was relaxed.
“Therefore I  decided to treat the bones as one would the 

broken leg o f  a table or chair. The surfaces were brought into 
accurate apposition, a nd  kept in their norm al relationship by
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(A) Cerclage for fracture fixation. From Berenger-Feraud, 
1870. (B) and (C), Methods of bone sutures. From Berenger- 
Feraud, 1871.

lion forceps. Holes were drilled above a n d  below the forceps, and  
screws were driven in. The screws could be passed in any direc
tion, a nd  they retained the surfaces in an apposition more accu
rate a nd  more forcible than I  fa n cy  can be atta ined by any other 
mechanical arrangement.

“As fa r  as I  know, they cause no subsequent trouble; should  
they do so they can be removed through an  incision equal to the 
diam eter o f  the head o f  the screw.

“Although I  have lim ited m yself to the consideration o f  the 
difficulties experienced in establishing exact continuity o f  the 
fragm ents in oblique fractures o f  the tibia a nd  fibula, ye t occa-
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sionally in a transverse fracture o f  the tibia it m ay be absolutely 
necessary to expose the broken ends before they can be brought 
into accurate apposition. /Is instances o f  this mode o f  treatm ent 
I  am  bringing three cases before the Society, as they were all done 
during the sam e take-in week, a nd  represent the more simple 
and  effectual m eans o f  approxim ation o f  the surfaces by screw 
pressure.

“I f  the conclusions a t which I  have arrived are correct, it is 
obvious that any surgeon who resorts to the treatm ent o f  oblique 
fractures o f  both tibia a nd  fibula, in labourers, by m anipulation  
a nd  splinting, w ithout having previously explained to the pa tien t 
the consequent disadvantages under which he will very possibly 
labour, and  urged on him  the importance o f  operative interfer
ence, is acting unjustly to his patient.

“In the case o f  com pound fractures o f  these bones it is 
equally advisable to procure perfect union, bu t fo r  obvious rea
sons the surgeon is unable to offer the pa tien t the sam e certainty 
o f  a successful result as he can when operating on a recent 
fracture.

"I.D.M., aet. 34, admitted under my care December 17, 1893. 
He fell with his leg twisted under him. The tibia was found to 
be fractured obliquely about two inches above the malleolus, 
and the fibula was broken about its centre. The lower fragment 
was displaced behind and outside the upper. Small fragments 
were felt. No amount of manipulation or traction served to 
bring the fragments into anything like accurate apposition. His 
permission for an operation not being obtained, a splint with a 
foot-piece everted at an angle equal to its fellow was applied.

"On January 8, 1894, as no callus could be felt, and as 
there was definite deformity, operative measures were urged 
on him, and he consented.

"The fracture in the tibia was exposed by an incision 4V2 
inches long, when its direction was seen to be very oblique, 
running downwards, outwards, and backwards. Several small 
fragments of bone and muscle intervened between the ends 
of the bone.

"Another effort to reduce the fragments by manipulation 
and traction was made, and the result was observed through 
the incision, when it was quite obvious that it could not 
have been effectual in this case in producing anything like 
apposition. The fragments of bone and muscle which inter
vened were removed, and after much difficulty the broken 
surfaces were brought into accurate apposition by means of 
lion forceps, and two screws were inserted. The temperature 
on one occasion after the operation rose to 99.2."

Lane then described two further similar cases.

“In none o f  these cases was there ever any sign o f  pus.
“I  am  very much indebted to Mr. F. J. Steward, who obtained  

fo r  me the details o f  fo r ty  cases o f  fracture o f  both bones o f  the
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leg taken indiscriminately fro m  those treated in G uy’s Hospital, 
a nd  fro m  various infirmaries. He started his investigations in an  
attitude antagonistic to the conclusions a t which I  had  arrived, 
a nd  this fa c t therefore renders his observations all the more 
reliable a nd  valuable. From a consideration o f  the cases he 
collected he obtained the follow ing deductions, which fu lly  bear 
out the statem ents I  have m ade in the early p a r t o f  this paperf

D eductions From C ases

“In 40 cases o f  fractures o f  the tibia an d  fibu la  below the 
middle o f  the leg in m en follow ing various occupations, 19, or 
48 p er  cent, suffered financially, owing either to inability to 
follow  their fo rm er occupation or to earn as m uch as was earned  
a t their original occupation; 15, or 3 8  p er  cent., suffered p a in  a t 
the seat o f  injury; a n d  6, or 15 p er  cent., had p a in  in the ankle; 
an d  4 o f  them had  p a in  in the knee-joint; 12, or 30  p er  cent., 
suffered fro m  insecurity in the limb, in  nearly every case this 
insecurity being referred to the ankle-joint. In  several o f  these 
cases the p a in  a n d  insecurity in the ankle-joint was not noticed 
till a period varying fro m  one to ten years had elapsed after the 
injury was received, showing that slow changes took place in the 
ankle-joint in consequence o f  the alteration in the mechanical 
arrangements o f  the lim b produced by the fracture.

“In 23 cases o f  sim ilar fractures in m en follow ing occupa
tions, which necessitated heavy work a n d  lifting o f  weights, 13, 
or 5 6  per cent., suffered financially owing to inability to do such 
heavy work; 12, or 52  p er  cent., had p a in  either a t the seat o f  
fracture or in the ankle- or knee-joint or in both; a n d  9, or 39  
p er cent., suffered fro m  more or less insecurity in the whole limb, 
this last being in all cases the cause o f  the inability to follow  
their fo rm er laborious occupations.”

He writes that, in 1892, “I  m ade it m y habitual practice to 
operate on all cases o f  simple fractures o f  the long bones in 
which I  was no t able to obtain accurate apposition o f  the frag
m ents when the restoration o f the bone to its norm al fo rm  was 
o f  mechanical importance to the individual.” Ironically, he shows 
many children’s fractures that would not be treated by internal 
fixation today.

OSTEOSYNTHESIS, 1949 
ROBERT DANIS (1880-1962)

“In order to be completely satisfactory, internal fixa tio n  m ust 
fu lfill the follow ing three requirements. (1) Enablement o f  im m e
diate, active m ovem ent o f  muscles in the affected region a nd  o f  
the adjacent joints. (2) Complete restoration o f  the original shape 
o f  the bone. (3) Direct union o f  the bone fragm ents w ithout the 
form ation  o f  visible callus.”

1. Early A ctive R em obiliza tion

“I f  the adjacent jo in ts  are im m obilized with a cast follow ing  
internal fixation, the m ain  benefit o f  the operation is lost. Even  ♦  Robert Danis (1880-1962)
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a walking cast is associated w ith appreciable atrophy o f  muscles 
a nd  tendons as well as vascular disturbances a nd  skin changes. 
These m ay severely prolong convalescence and  m ay even leave 
p erm a n en t stigmata.”

L T n t p a m c d u lla i* ) /  F i x o t i o i t

The problem at first was getting inside the bone. Operations 
were done through small incisions, with limited exposure, for fear 
of infection. Before antibiotics this was a much greater calamity 
than it is now. So the first attempt, made w ith short pegs, was 
quickly followed by thin pins. Fixation was insecure compared 
with a plate, and the principle did not become accepted until 
rigid, reamed intramedullary nailing became available.

The Use o f In tram edullary  Pegs

Various pegs had been tried from the days of the Mayans, who 
used sticks. Hey Groves published the results of his experimental 
work in 1916. He used short pegs in a small number of animals 
and people with good results. The fracture was always opened. 
Metal pegs were better in animals than a variety of absorbable 
materials. They were never more than an ingenious first concept.

One problem was that stainless steel had not been invented, 
and surgeons were trying to put in as little reactive metal as 
possible. These short pegs did not give enough mechanical stability. 
Hey Groves concluded:

“Bone left to natural repair will heal by granulation. Bones 
firm ly  an d  accurately fixed  will heal by first intention. Bones 
weakly jo in ed  by a m ethod which allows more a nd  more move
m ent between them will no t jo in  a t all, or their junction  will be 
long delayed.”

R ush  Rods

Lowry Rush was a gynecologist who helped his brother, Leslie, 
a general surgeon, with fracture surgery in Meridian, Missisippi. In 
1936 they held an unstable Monteggia fracture with a Steinmann 
pin down the ulna. They were pleased with the position but not 
with the pin. This led to the development of the Rush rod, which 
enjoyed some popularity prior to the use of reamed nails. The 
Rush rods were loose in the canal and never held the bones very 
securely.

“We have been able to develop a p in  so versatile that we 
have fo u n d  it applicable to practically all o f  the long bones o f  
the body a nd  we now believe that it is indicated in a large 
variety o f  fractures.
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“This work has been m otivated by a desire to elim inate the 
need fo r  plaster casts in fracture treatment. The aim  has been to 
develop a type o f  internal fixa tion  which would splint a broken 
bone while leaving the extrem ity free  fo r  function , perm itting  the 
p a tien t to be ambulatory.”

K u n tsch er N ailing

Gerhard Kuntscher in 1940 pointed out that if hip nailing 
works well, nailing of other bones should too. He tries it out on 
human femurs and finds the canal large enough for the nail to pass 
without reaming. Because the nail does not fill the canal, he argues 
that the endosteal contribution to healing is unimpeded. From the 
start he practiced closed nailing, and if he could not achieve this 
he went on to casts or traction.

“The use o f  intram edullary nailing in  dogs after breaking 
their thigh with an osteoclast gave suprisingly good results. Eight 
days after nailing the anim als could stand  by themselves.

“The m ethod was used fo r  11 h um an  fe m u r  fractures as well 
as fractures o f  the tibia a n d  humerus. The first eight proxim al 
fem u r  fractures were opened a nd  the greater trochanter was 
exposed. A hole was bored a n d  a guide wire inserted. The nail 
was driven down. The upper fragm en t gripped the nail to a im  it 
down the distal fragm ent. Subsequent nails were inserted percu- 
taneously using a spike to f in d  the starting point.”

Patients were up quickly and required little specialized care. 
Callus was abundant and formed quickly. Kuntscher developed his 
nail in Germany during World War II so that reports were few. 
There was a story in Time M agazine, 1942: Soldiers returned with 
the K  nail and no cast. After World War II the nails became 
public knowledge and many surgeons produced their own pattern. 
General acceptance seem ed likely until Watson Jones w rote a 
damning article that held back further development for 20 years. 
He did the same thing for hip hemiarthroplasty until he needed a 
prosthesis himself after a subcapital fracture.

Comppessiow and Bone 
flcaling

Does compression promote healing by improving fracture sta
bility or by affecting bone cells favorably? George Eggers looked at 
this before AO in 1949-

He did experiments on the skulls of rats, compressing skull 
flaps with wire. He concluded, “The presence o f  the contact-com- 
pression factor favorably influences purposeful osteogenesis and  
fracture union.

“Excessive pressure causes necrosis o f  the compressed bone, 
and  lack o f  pressure fa ils  to stim ulate osteogenesis. The m ost 
advantageous compression force on the fracture surfaces appar-

♦  Gerhard Kuntscher (1900-1972)

Born in Saxony, he graduated with 
the highest marks from Wurzburg in 
1926. This was the university where 
x-rays were discovered and where 
there is an X-ray M useum . After 
spending a tim e in radio logy, he 
joined the university c lin ic in Kiel 
in 1930. He presented a paper on 
intramedullary nailing in 1940. Dur
ing World W ar II he was on the east
ern front. Knowledge of his intra
medullary nailing came to the Allies 
at the end of the war; they found 
it hard to believe and mocked the 
infected cases. Following the war, 
he w ent to Sch lesw ig  Hesterberg 
and then to Ham burg , w here he 
wrote The P ractice  o f  In tram edul
lary Nailing.
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ently is m idw ay between the extremes, a nd  probably is exerted 
by the physiological forces o f  the musculature. . . .”

He designed a slotted sliding plate that allowed the muscles 
to keep the bone ends in contact even if there was absorption of 
the bone ends. Unfortunately, they allowed the fracture to wobble, 
and his plates failed.

George W Bagby from Spokane, Washington, described a self
compression plate in 1956, w hen he was at the Mayo Clinic. The 
design was later adopted for the dynamic compression plate. Bagby 
had tested these plates in animals and concluded:

“There was no evidence that osteogenesis was either stim u
lated or retarded by compression, b u t tha t compression m in i
m ized  the fracture gap a nd  held the fracture fragm ents rigidly. 
These factors resulting fro m  compression led to earlier union.”

INTERNAL FIXATION OF FRACTURES: 
EVOLUTION OF CONCEPTS

MARTIN ALLGOWER AND PHILLIP G. SPIEGEL

“In 1958, some 15 Swiss general a nd  orthopedic surgeons 
m et a nd  discussed the status o f  the poor results obtained with  
both nonoperative an d  operative methods o f  fracture treatment 
in their country. This nucleus later developed into the group  
called ASIF (Association fo r  the Study o f  Internal Fixation) or AO 
(ArbeitsgemeinSchaft fu r  Osteosynthesefragen). The meeting was 
initiated by Maurice E. Muller who had  spent some tim e with  
Danis a nd  was impressed by his compression fixa tion  o f  frac
tures, the avoidance o f  external immobilization, a nd  the early 
pain-free active im m obilization o f  the injured extremity.

“Out o f  this meeting, fo u r  principles seemed clearly instru
m ental fo r  obtaining optim al results a nd  were accepted as work
ing hypotheses. (1) Anatom ical reduction. (2) Rigid internal fixa 
tion. (3) A traum atic technique on soft-tissue as well as on bone.
(4) Early pain-free active m obilization during the first 10 postop
erative days.”

The figures from the Swiss Workman’s Compensation Board 
provided the evidence for the poor results. The AO group invented 
new equipment, which was generally derided by the godfathers of 
British, American, and Austrian orthopaedics. The Swiss persisted 
and would not sell their system until the purchaser had taken a 
course so that it was used properly.

The enormous success of the AO system is a story in itself.

£ x t e P u a l  F i x a t o p s

External fixators got off to a slow start because pin track 
infection could be fatal until the advent of antibiotics.

Jean-Franqois Malgaigne described a “point” in 1840 to hold a 
fracture of the tibia in position and in 1843 a clamp to approximate 
fractures of the patella.
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Hansmann’s plates had screws that protruded through the 
skin to facilitate removal. 1886.

A fracture of the olecranon was held together with a tangle of 
screws and string by Rigaud in Strasbourg in 1850, and in 1870 
Beranger-Feraud used screws and a wooden bar.

A NEW APPARATUS FOR THE FIXATION 
OF BONES

CLAYTON PARKHILL, 1897

“We believe tha t the tim e has come when a more accurate 
fixa tion  o f  the bones, both after resection fo r  cases o f  pseud- 
arthrosis a nd  fo r  m alunion, a nd  also fo r  fractures w ith  a ten
dency to displacement, particularly i f  they be compound, should  
be used.”

He devised the clamp for a young man with an old gunshot 
wound of the humerus.

“The destruction o f  tissue was so great that b u t a quarter o f  
an inch o f  the shaft rem ained attached to the head o f  the bone. 
I  knew  o f  no m ethod in use which w ould f ix  this upper fragm ent.”

He describes success in 9 cases.

"Case 1. Pseudarthrosis of the right humerus as a result of a 
gunshot-fracture eleven months previous. An open infected 
wound communicated with the upper fragment. On Novem
ber 22d, 1894, this wound was scraped out, removing all the 
infected tissue. It healed kindly, and on January 3, 1895, the

♦  Clayton Parkhill (1860-1902)

Born in Pennsylvania, he practiced 
in Denver and became professor of 
surgery and dean of the m edical 
school at University of Colorado. He 
worked as a medical officer in the 
war with Spain in 1898. Soon after
ward he developed acute appendici
tis, refused operation, and died.
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Clayton Parkhill’s ex ternal 
1897.

♦  Albin Lambote (1866-1956)

Belgian general surgeon with a special 
interest in fractures, making violins, and 
drawing and painting. He coined the term 
osteosynthesis in his book in 1907. Early 
m ovem ent w as expected after fracture 
fixation. He made prototypes of tools and 
plates in his workshop.

clamp was used for uniting the fragments. The bones were 
found separated by a distance of two inches. The upper frag
ment had a length of one and a half inches, including the 
head, and was very soft. Transverse resection. The wound 
was closed about the clamp without drainage. The extremity, 
including the chest, was inclosed in a plaster-of-Paris dressing. 
No reaction. The dressing was removed February 9, 1895, 
when the wound was entirely healed. No infection. The clamp 
screws were lifted out without force. The sutures were re
moved. A dressing and cast applied. This was removed at the 
end of four weeks. Perfect union was observed."

“We claim fo r  this instrument: first, tha t it m ay be easily and  
accurately adjusted, an d  prevents both longitudinal a nd  lateral 
movem ents between the fragm ents: second, tha t nothing is left in 
the tissues which m ight reduce their vitality and  lead to p a in  or 
infection: third, tha t no secondary operation is necessary; fourth, 
tha t no operation has ever before given 100 percent o f  cures.”

For gunshot fractures, the value of external fixation became 
obvious. Borchgrevink developed them for the Balkan war, Lambret 
made some, and Hey Groves describes his apparatus in 1914. Pins 
and plaster was a cheap alternative.

(A) Lambotte’s external fixator, 1907. (B) The fixator in use.
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L am bret’s e x ten sio n  ap p ara tu s from  
Steinmann’s book, 1912.

Roger A nderson, 1934

“Our criteria  o f  end  results have been altered w ith  the 
change in the medico-legal aspect o f  cases. Functional restoration 
is now  insufficient. The present public also dem ands a practically 
norm al reposition o f  the fracture fragments, as demonstrable on 
the fin a l X-Ray film s.” He devised a veritable fracture robot.” This 
was a frame with pins above and below.

The Stader Reduction Splint, 1937

In 1931, Stader, working in the field of veterinary surgery, was 
impressed with the inadequate methods then in vogue for treating 
fractures of the shafts of the long bones of dogs. Plaster en
casements were not tolerated by the canines, who frequently de
stroyed them by constant biting and tearing.

He began to use half pins joined by a metal bar. By 1942, he 
had treated 1200 dogs.

“In 193 7 the other two authors o f  this paper had  the opportu
nity o f  seeing the application o f  the Stader splint in  a police dog 
w ith a fractured shaft o f  femur. The ease o f  application, the 
prom pt a n d  accurate reduction obtained, a nd  the simplicity o f  
the instrum ent m ade a  distinct impression.

“It was then decided to have a larger model o f  the splint 
manufactured fo r  use in the hum an.”

The first patient was treated at the Bellevue Hospital in New 
York City. The patient was walking on the fractured tibia without 
crutches after 3 weeks, and the fracture was united in 11 weeks.

The versatility and subtlety of transfixion apparatus were ele
vated to a high level by Ilizarov, who was sent as a general prac
titioner to the wastes of Siberia, where bad results from fractures

Roger A nderson’s ex ternal fixator, 
1942.
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were commonplace. In 1950, with limited resources, necessity 
proved to be the m other of invention. A nearby factory produced 
rings, and he had a lot ot wire. Slowly he started to operate but 
was officially ignored until a famous athlete came to him with an 
un-united fracture. On went a frame and within 2 years the patient 
was winning medals at the Olympics. Ilizarov was recognized, and 
a huge hospital was built for him in Kurgan. His methods of 
distraction osteogenesis swept the world.

TRAITE  

FRACTURES NON CONSOLIDEES

P S E U D A R T H R O S E S

L.-J.-B . BERENGER FERAUD

AVEC 103 FIG U R E S DANS DE T E X TE

ADRIEN DELAHAYE, L I BRAI RE-ED IT  EUR 
PLACB DB L’BCOlB-DE-MfiOBCISB 

1871

Title page of Beranger-Feraud’s 1871 
book.

The Treatm ent of Un-itnited 
F c a c t w ^ c s

All kinds of abuse have been heaped on nonunions of frac
tures. They have been splinted, hammered, infected, magnetized, 
prayed over, and electrified, and all kinds of materials have been 
implanted. Today the chief standbys are bone grafting and rigid fix
ation.

Bone Grafting

Experimentalists trying to understand how bone works have 
studied bone grafting for 150 years. Bone has been taken from one 
site and put in another, and all kinds of interpretations have been 
put on the results—leading to more heat than light about the role 
of periosteum, osteocyte survival, bone induction, and the effect 
of load bearing. Oilier, Flourens, and Macewen kept up a lively 
controversy in the 19th century.

Some surgeons are gardeners by nature and used living grafts. 
Others are carpenters, who work with dead tissues to produce 
mechanical stability. Bone banks have been used by Oilier (1858), 
Macewen (1870), Lexer (1909), and Wilson (1947).

Carpentered Cortical Grafts

Albee used his newly developed power saw to make elaborate 
joints and bridge defects with cortical grafts. Most of the bone 
died. He pioneered a tightly carpentered fit to allow the vessels to 
grow across.

Fred Albee, 1917

♦  Fred Albee

“Callus . . . m ay well be compared to the cabinet m aker’s 
glue, which will n o t hold unless the wood is exactly fitted  and  
coapted. It will no t bridge space. The surgeon m ust execute cabi
net bone work in order to approximate 100 p er cent o f  successful 
results, a nd  this can be accomplished only by employing the inlay 
m ethod w ith the au thor’s bone mill.” He developed a huge practice 
of bone graft surgery.
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W. E. Gallie, 1931

“There are still a fe w  who fa n cy  tha t when a piece o f  bone 
is transplanted fro m  one place in the body to another it will 
continue to live, as does a transplant o f  fascia or skin. This is an  
idea which m ust be eradicated i f  we are to reduce the percentage 
o f  failures. . . . The successful grafting o f  bone calls fo r  a fa ir  
degree o f  craftsmanship.”

Cancellous Bone Grafting

Rainsford Mowlem was a plastic surgeon in London and looked 
at bone grafting in the same light as split skin grafting. In 1944 he 
described 75 cases of success from creating iliac grafts measuring 
1 X 0.2 X 0.5cm.

"On biological grounds it was thought tha t fragm entation  o f  
the graft m ight be expected to provide a m uch greater surface 
area through which the transplanted bone cells would become 
accessible, first to serum  a nd  secondly to the ingress o f  newly 
fo rm ed  capillaries, a n d  that the chances o f  their survival would  
thereby be enhanced. Once survival is ensured, fu s io n  o f the 
fragm ents can be expected to be rapid . . .  I t is unlikely to occur 
in cortical bone.”

Corticoperiosteal Grafts

Petaling the cortex and raising the periosteum has Phem- 
ister’s name erroneously attached. In fact Phemister described a 
full thickness grafting through an incision away from an infected 
fracture.

SPLINT GRAFTS IN THE TREATMENT OF 
DELAYED AND NONUNION OF 

FRACTURES
D. B. PHEMISTER, 1931

“In some cases o f  non-union o f  infected fractures, the infec
tion persists along only one side o f  the bone. A whole thickness 
splint graft m ay be inserted along the opposite side soon after 
the infection has healed, thereby saving m uch time, since any  
other type o f  graft would necessitate entrance o f  the recently 
infected fie ld  a nd  could no t be done safely un til several m onths  
laterf

Henri Delangeniere described free osteoperiosteal grafts in 
1920. “The grafts are usually  ob ta in ed  by rem oving  fro m  
the tibia thin layers o f  bone w ith the periosteum.” He reported 
237 cases with mostly good results—many were for craniofacial 
surgery.
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THE FREE VASCULARIZED BONE GRAFT; A 
CLINICAL EXTENSION OF 

MICROVASCULAR TECHNIQUES

G. I. TAYLOR, G. D. H. MILLER, AND F. J. HAM, 
1975

A living graft of bone relocated on a pedicle has been done 
since 1918, and then Alfred W. Farmer of Toronto transferred bone 
on a cross-leg pedicle graft. But it was in Melbourne, Australia, in 
1974 that Ian Taylor and colleagues treated two patients facing 
amputation because of loss of more than 12 cm of tibia after an 
open fracture. They removed the fibula on a vascular pedicle and 
re-anastomosed it on the other leg. The anastomosis remained 
patent on their second case, who showed early callus—but there 
the story stops.

“U n i o n they wrote, “should theoretically be quicker, as the 
reconstructed tibia is comparable to a bone w ith a double frac
ture.

“The disadvantages are as follows. It is a long procedure, 12 
hours and  10 hours respectively. There is some donor site morbid
ity. Patency o f  the anastomosis cannot be reassessed fo r  possible 
revision in the im m ediate postoperative phase. A major vessel 
m ust be sacrificed in both limbs."

Since then surgical times are shorter and the indications in
creased.

History recounts that a limb transplant was conducted by 
Saints Cosmas and Damien. Part of the leg of a deceased person of 
color was attached to a white limb.

Free vascularized bone graft. From Taylor GI, Miller GDH, Ham FJ: The free vascu
larized bone graft. Plast Reconstr Surg 1975, 55, 533-544, Fig. 6. Used with 
permission.
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♦  Joseph Amesbury (1795-1864)

Author of a more complete book on 
fractures in 1831.

“I t is no t easy fo r  gentlemen, who have not observed the 
feelings o f  patients a n d  their fr iends against a surgeon, under  
whose care a fracture badly united was placed, to fo rm  an  
estimate o f  their usual inveteracy. They sometimes th ink they 
can never injure his reputation sufficiently; a nd  though the sur
geon, in m any instances, is no t a t all deserving o f  blame, they 
usually load h im  w ith epithets o f  ignorance, neglect, a nd  pre
sumption. I f  we exam ine a little into this feeling, we shall f in d  
that it is nothing more than w hat m ight naturally be expected.
Patients know  nothing scientifically o f  the nature o f  fractures, or 
o f  the m eans m ade use o f  in their cure, consequently they judge  
o f  the surgeon’s ability according to the results o f  his cases. I f  the 
case o f  an  individual term inate well, he conceives tha t the sur
geon has done his duty: bu t i f  the lim b be deformed, the pa tien t 
will im m ediately say tha t the fracture was badly set, a nd  he gets 
confirmed in this opinion by the observations o f  his friends, who 
seldom fa il  to fin d  ou t cases to substantiate their belief’

TIMELINE OF PLASTER AND OTHER CASTING 
MATERIALS

From the beginning of time, sticks and mud and cloth have 
been used to stop fractures from moving about. We have knowledge 
only of recent events.
400 b c  Fiippocrates describes splints.

970 In Persia, Abu Mansur Muwaffak advises coating fractures 
with plaster.

1740 In Britain, as a child Cheselden has a fracture treated by a 
bonesetter with bandages dipped in egg white and starch. 
W hen Cheselden becomes a surgeon, he introduces the 
method for his patients. The bandages take a day to harden.

1799 A visiting diplomat reports that he saw a Turkish patient 
treated by holding the injured limb in a box that was then 
filled with plaster. He tried to interest European doctors in 
the method. The cast was big and heavy and prevented 
ambulation.

1814 Pieter Hendriks uses plaster bandages but w ithout propa
ganda so that the idea does not catch on.

1824 Dominique Larrey, Napoleon’s surgeon, uses egg white and 
lead powder.

1835 Louis Seutin: starch bandages
1852 Antonius Mathijsen introduces plaster bandages in a medical 

book and has a friend w ho popularizes it. Pirogoff in Russia 
introduces plaster bandages independently at the same time. 
Soon, large numbers of people are putting plaster into ban
dages. Until the 1950s, it was a job for medical students on 
emergency call. Then machines led to commercial manufac
ture. New materials were developed—first celluloid, which 
used to explode, and now fiberglass.

Box continued on following page

Feelings o f Patients

Joseph Amesbury, 1831
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1903 Hoffa’s belief that “the plaster bandage will remain the es
sence of orthopaedics for all time" seems to be going the 
way of all predictions.

Plaster did not enjoy universal popularity. Complete casts on 
fresh fractures can produce dreadful complications, and this led 
some influential leaders to ban casts. Thomas and Jones in Britain 
and Knight, founder of the first residency program in the United 
States, would have nothing to do with plaster, and Knight fired one 
member of his staff for promoting its use.

Susruta was the Hippocrates of San
skrit. He lived in India, somewhere 
betw een 600 b c  and 600 a d . The 
designs of his instruments incorpo
rated the symbols of gods. His clini
cal descriptions are as baffling to me 
as mine would be to him.

THE RISE AND FALL OF TRACTION FOR 
FRACTURES

Traction for fractures lasted for about 200 years. During its 
heyday it was the symbol of an orthopaedic ward, and it was one 
of the main reasons for the evolution of an orthopaedic nurse as 
somebody different. Now traction is dead—a victim of economics.

Two problems held back the development of traction: (1) con
necting the limb to a weight without causing a skin slough, and (2) 
pulling in two directions at once.
circa 400 b c  Hippocrates used traction to secure reduction and 

then used bandages and splints to hold a fracture of 
the femur.

circa 1350 Guy de Chauliac of Montpellier used egg white ban
dages, traction, weights, and pulleys.

1564 Pare: rope and windlass traction 
circa 1700 Petit in France used an inclined plane to solve the 

problem of pulling in opposite directions. The limb 
was raised on a splint, and the patient’s weight pro
vided countertraction. 

circa 1800 Robert Chessher used a double-incline plane. A splint 
like a letter A was placed under the knee. Lifting up 
the splint put traction on the femur, and tapes could 
put traction on the tibia.

1828 J. H. James: adhesive tape; also Joseph K. Swift of 
Philadelphia and Samuel D. Gross

1831 Nathan Smith: inclined plane
1831 John Hodgen of St. Louis develops a system of tapes 

fixed to the end of a splint, which is used during the 
Civil War.

1856 Henry Gassett Davis, United States: elastic material 
for traction

1860 Thomas splint, originally designed for the treatment of 
a tuberculous knee, is popularized during World War 
I for femoral shaft fractures.

1861 Gurdon Buck: straight leg traction
1872 Tom Bryant of London uses overhead traction for small 

children, whose fractures had been somewhat ne
glected

1900 Walter Hermann Heinecke of Erlangen used tongs in 
the os calcis to pull on a fracture of the tibia.

1903 The Balkan beam was developed during the Balkan 
War and provided great versatility in the placement of 
slings, pulleys, and weights. For a long time it was the 
symbol of an orthopaedic ward. Rows of these lined 
the long, 30-bed wards where patients spent 3 to 4
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months waiting for their fracture to unite. On a recent 
visit to the Caribbean, the wards were seen still full of 
Balkan beams—each had a bird or two perched on it, 
adding a new  hazard for the patient below.

1903 Alessandro Codivilla of Bologna uses a pin in the os 
calcis for traction and stumbles on the notion of leg 
lengthening.

1907 Fritz Steinmann of Bern introduces a thick pin inserted 
into the supracondylar region.

1912 Joseph Ransohoff uses ice tongs for the femur; they 
were popular during World War I because they were 
easy to make and simple to apply.

1914 Rudolf Klapp of Berlin used a thin w ire—inserted 
through a hollow tube—for os calcis traction.

1920 Erich Herzberg invented the traction bow to tension 
the wire so that it did not bend.

1921 Hamilton Russell of Australia solves the problem of keep
ing the hip and knee flexed with use of split traction.

1927 Fritz Kirschner used a wire thick enough to be drilled 
using a guide, but thin enough to need tensioning. 
Kirschner wires are never used for traction today but 
have become invaluable for open and percutaneous 
fixation.

1950 Perkins traction: just a Steinmann pin and a split bed 
allowed immediate exercising, speeding union and 
avoiding stiffness.

1951 Nangle’s Jangles: this was a whole book on traction—it 
included sections on how to make a plaster bed. It 
was the high point of traction techniques.

1996 Due to  the economic changes it is hard to find a young 
surgeon who has seen traction used. All interest in 
traction is lost.

1998 Gustilo: Traction is a thing of the past.

THE TIMELINE OF WIRES, SCREWS, AND 
PLATES
1775 Icart reports in Journal Fran^ais de Chirurgie that two Tou

louse surgeons, Lapoyde and Sicre, used a brass wire for a 
fracture—no other reference.

1861 Samuel Cooper in San Francisco successfully treats a fresh 
fracture of the patella with wire, using alcohol for asepsis.

1862 Gurlt described principles of screws, nails, and wires.
Box continued on following page

♦ Ernst Julius Gurlt (1825-1899)

Professor of surgery at Berlin. He pub
lished a 3-volume work on the history 
of surgery and, in 1860, one of the 
classic texts on fractures.

♦  Jean Louis Petit (1674-1750)

Paris ian  surgeon who invented 
splints, named the tourniquet, and 
wrote a treatise on diseases of bone 
in 1723.



462 Chapter 20 ♦ Fracture Treatment

Title page of Beranger-Feraud’s 1870 
book

♦  Themistocles Gluck (1853- 
1942)

He studied in Leipzig, became pro
fessor of surgery in Bucharest and 
later in B e rlin . He fixed fractures 
with nickel-plated plates, used syn
thetic tendons, made joint replace
ments of ivory, used intramedullary 
pegs. He was a man before his time.

The evolution of plates. From Bagby 
GW: C om pression  bo n e  p lating . J 
Bone Jt Surg Am 1977, 59A. 625, 
Figs. 1-5. Used with permission.

1864 L. J. B. Berenger-Feraud, French naval surgeon, writes synopsis 
on Immobilisation Directe which he expands into a book in 
1870. It is mostly a review of known methods of treating un
united fractures.

1865 Lister begins treating com pound fractures operatively.
1877 Lister treats a closed fracture of the patella by wiring, having 

established the principles of aseptic surgery. In 1883 he pub
lished a series, and a few years later wiring became the 
treatment of choice. With minor improvements, it still is!

1885 Themistocles Gluck: nickel-plated plates
1886 Hansmann plate with screws. The screws had the screwdriver 

welded to them  so that the handle protruded through the 
skin. The screw could be removed without reopening the 
wound. The plate had a handle at right angles so that it pro
truded through the skin. When the screws were removed, the 
plate could be taken out too! No need for another anesthetic.
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Hansmann used nickel-plated steel 
to  p la te  frac tu res , 1886. He 
showed these at the 15 th German 
Surgical Conference, and Lambotte 
saw them  as ideal.
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1893 Nicholas Senn gives the Presidential Address at the American 
Surgical Society on the direct fixation of compound and un
united fractures. He used absorbable bone, intramedullary 
tubes, and extraperiosteal tubes into which the bone was 
plugged.

1893 Bircher: ivory H clamp for metaphyseal fractures
1900 Scudder writes a paper, The open or operative treatment of 

fresh fractures: is it ever justified? He reviews 153 lower 
limb fractures treated at Massachussetts General Hospital and 
concludes that nonoperative treatment resulted in unsatisfac
tory results in 81% of hip fractures, 69% of adult femur frac
tures, and 60% of closed tibial fractures. This was a strong 
argument for more operative treatment.

1901 Alberto Jacoel: staples
1905 W. Arbuthnot Lane: book on The Operative Treatment of 

Fractures. He began operating on fractures in 1892, wrote 
about screw fixation in 1894, and invents his plate in 1907. A 
second edition of the book was published in 1914.

1907 Albin Lambotte writes a book on his experiences operating 
on fresh fractures—coining the word osteosynthesis. He be
gan this in 1890 w hen he was appointed general surgeon at 
Stuyvenberg, Belgium. He made his own plates as well as 
182 violins.

1910 The British Medical Association strikes a committee to look 
into fracture care. In 1912, it reports that operative cases show 
a higher percentage of good results than nonoperative cases.

1912 The American Surgical Association strikes a committee to 
prepare a statement on the relative value of operative and 
nonoperative treatment and on the value of radiography to 
determine the choice of treatment. The report did not appear 
for nine years!

Box continued on following page
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FRACTURES RECRNTES E T  ANC1ENNES

ENVISARKE I'.UITir.liI.IEnKMK.'n'

AU POINT DE VUE DE L'OSTEO-SYNTIIESE 

DESCRIPTION DE PI.USIEI1RS TECHNIQUES N0UVEI.I.ES

D r A lb in  LA M B O T T E

PARIS
A. MAI.OINK, LIII It AI It K - ED IT EUII 

1907
Title page of Lambotte’s book.

♦  Nicholas Senn (1844-1908)

As an infant, he was brought from 
Switzerland to W isconsin; he stud
ied in Chicago, and became profes
sor at Rush M ed ical C o llege . He 
served in the Spanish-American War 
and was president of the American 
Medical Association. He was a great 
experimenter but lacked the courage 
to put his discoveries into practice 
because they offended custom ary 
wisdom.

♦ Charles Locke Scudder (1860— 
1949)

After studying at Harvard and Yale, 
he went to work at the Massachu
setts General Hospital and stayed for 
56 years. He was a general surgeon 
who wrote a fracture text in 1900 
and kept producing new editions for 
38 years.
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♦ William O'Neill Sherman 
(1880-1979)

He popularized plates in the United 
States. He was surgeon to a Pitts
burgh steel company and was able 
to use better alloys. He introduced 
the self-tapping screw s w h ich  
seemed like a good idea at the time, 
but using a tap to cut the thread 
g ives a better hold . The Sherm an 
plate of 1912 was the gold standard 
for 50 years.

W. O’S. 8EERMAN.
BUEOIClt, LPPLUSCE.

ITTLICETIBI TILED TEI.lfl. I l l ]

1 ,1 0 6 ,1 0 5 .  Patented Julj 28.1911

C fffflc z & L  FIG. t o

Sherman’s plate and self-tapping screw, 1912.

1912 William O’N. Sherman: plates and self-tapping screws. He was 
surgeon to a steel company in Pittsburgh and sought better 
alloys and better-engineered designs. These plates did not 
break and corrode like Lane’s plates and remained the stan
dard for 50 years until the AO plates were introduced.

1916 Fredrick W. Parham and E. Denegre Martin: cerclage band. 
There had been many attempts with wire and muffs but the 
Parham band represented the apogee. Unfortunately, it does 
not provide enough fixation and caused bone ischemia.

1916 Ernest W. Hey Groves, a surgeon in Bristol, publishes On 
Modern Methods o f Treating Fractures, based on much exper
imental work. He illustrates plates, intramedullary rods, and 
external fixators.

1924 Zierold studies metal corrosion in dogs.
1926 Stainless steel was introduced.
1936 G. Mengaux and D. Odiette review the work on cytotoxicity 

of metal on fracture healing.
1947 Venable and Stuck review electrolytic reactions of implanted 

metal.
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THE COMPRESSION IDEA
1914 Henry S. MacLean uses a plate with oval holes to permit 

approximation after bone absorption at the fracture site.
1932 Key uses “positive pressure” to secure arthrodesis of the knee, 

and the same principle is used by Charnley in 1948.
1933 Tension band principle is proposed by Fredrick Pauwels.
1943 E. Townsend and C. Gilfillian produce a plate w ith oval holes

to permit manual compression.
1947 Danis’ book, Theory and Practice of Osteosynthesis. Paris: 

Masson.
1949 George W. N. Eggers reports experiments on compressing 

osteotomies in a rat skull. These experiments are the basis for 
his slotted plate—muscles compress the fracture site and the 
slightly loose screws perm it the fracture to close.

1949 Danis’ coapteurs plates: the end hole has a set screw to secure 
compression.

1950 In his book, Collison publishes a plate with oval holes.
1950 AO group formed—Muller, Algower, Willenegger
1951 Charles S. Venable uses an inboard compressor on a plate.
1952 Zachary B. Freidenberg and George French show that 12 to 

18 pounds is the optimal interfragmentary pressure and that 
30 pounds causes bone necrosis in an animal fracture model.

1952 “Sir Reginald Watson Jones, with all the eloquence of which 
he is a master, devotes a chapter to an ardent denounciation 
of the use of mechanical compression in osseous union.” 
(Charnley in Compression Arthrodesis, page 71)

1953 John Charnley publishes a book, Compression Arthrodesis, 
that explores the whole idea of compression.

1956 George W. Bagby of the Mayo Clinic modifies the Collison 
p la te  by adding a slot so tha t it is self-com pressing— 
virtually a dynamic compression plate.

1961 Maurice Mueller describes outboard compressor.
1963 AO Manual published
1964 B. G. Weber: tension band used for cancellous fractures

♦ Sir Reginald Watson Jones (1902— 
1972)

Though no relation of Robert Jones, 
he was both his student and voice 
after Robert Jones had passed away. 
He started to lecture on fractures and 
turned his notes into a fracture text 
that was published, by good fortune, 
at the beginning of World W ar II. It 
served as the guiding hand for all the 
military surgeons. It went through sev
eral editions, continuing a nonopera
tive approach, until it lost out to the 
A O  Manual. Reggie was a charming 
man with tremendous style.

Pauw els’ p rin c ip le  o f th e  ten s io n  
band. From Pauwels F: Der Schenkel- 
halsbruch: ein mechanisches prob
lem. Stuttgart: Ferdinand Enke, 1935.

♦ Maurice Muller

The mainspring of the AO  group.
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N ic h o la s  S e n n  u s e d  c u f f s  a n d  in tra -  
m e d u l la r y  p lu g s  t o  h o ld  f r a c tu r e s .

♦  Georg Schone

Used intramedullary nail for ulna, 
1913.

INTRAMEDULLARY NAILS
Initially short pegs were used; long thin pins followed. Next 

w ere reamed heavy nails, which came to be locked.
1500 Aztecs used sticks in the bony canal!
1890 Themistocles Gluck: intramedullary ivory rod 
1893 Senn: short pegs 
1893 Bircher: short pegs
1913 Georg Schone: closed pinning under x-ray control—4 mm 

silver rods for forearm fractures 
1916 Hey Groves: short pegs and later long rods for femoral shaft 

fractures. Poor metal prevented him from being as successful 
as Kuntscher.

1925 Lambotte: pins for metacarpal fractures 
1933 Muller-Meernach: open nailing
1936 Leslie and Lowry Rush introduce a system of intramedullary

pins with a sled end and a prebent dynamic shape. Multiple
rods were used for metaphyseal fractures.

1940 Lambrinudi: intramedullary Kirschner wires for forearm frac
tures

1940 Kuntscher and Maatz start intramedullary nailing, and it re
mains unknown outside the German Army until the war is 
over.

1942 Maatz starts reaming.
1945 The Western world learns of K nails, and they become popular 

and imitated.
1950 Dana Street: nail for the tibia
1952 Otto Lottes: nail for tibia
1955 Rush book on techniques using thin nails and three-point 

fixation principle.
1961 Hackethal: multiple thin pins
1970 Enders: retrograde nails for trochanteric fractures
1980 Locked nails

T E C H N IK
D ER

MARKNAGELUNG

GERHARD KUNTSCHER „„.i RICHARD MAATZ

GEORG TH IEM E VERLAG / LE IPZ IG T it le  p a g e  o f  b o o k  b y  K u n ts c h e r  a n d  
M aatz .



EXTERNAL FIXATORS
These really came into use only after antibiotics solved the 

problem of pin track infection.
300 b c  Hippocrates u s e s  rings at knee and ankle and sticks to hold 

the alignment
1536 Paracelsus uses ring and rod system.
1833 Malgaigne: hooks for fractured patella and olecranon
1850 Philippe Rigaud uses ex terna l fixation for patella. Two 

screws are tied together.
1840 Malgaigne: spike and strap for fracture of the tibia
1886 Langenbeck uses screw s above and below  the fracture 

united by a rod.
1897 Clayton Parkhill of Denver inserts screws into the bone, 

bolted through holes in a plate.
1907 Albin Lambotte of Belgium uses a monolateral system that 

looks like the AO fixator.
1912 Lilienthal inserted gimlets and joined them with plaster ban

dage.
1913 Hey Groves carried out experiments with cats and showed 

that external fixators are good for comminuted fractures 
and open fractures. However well suited they were for 
military surgery, they were too fiddly for front line surgeons 
to use.

1919 Freeman writes a series of papers, 1909 to 1919.
1927 Abbott modifies external fixators for leg lengthening.
1927 Conn introduces stainless steel pins, which reduce some of 

the pin problems.
1934 Henri Judet uses pins in both cortices.
1937 Otto Stader, a veterinarian, produces a splint w ith universal 

joints for animals and is persuaded to allow its use for peo
ple.

1938 Raoul Hoffmann of Switzerland produces a frame that allows 
the fracture to be mechanically manipulated and reduced.

1942 Roger Anderson advocates castless ambulatory treatment of 
fractures, using a versatile linkage system. It had the distinc
tion of being banned in World War II as being too elaborate.

1950 A survey by the Committee on Fractures and Traumatic 
Surgery of the American Academy of Orthopaedic Surgery 
concludes that the complications of external fixation fre
quently exceed any advantages. Any surgeon contemplating 
using an external fixator should have special training from 
a colleague who has applied at least 200.

1950 Ilizarov, working in Siberia, develops the ring system for 
fractures and deformities. It becomes known in the West 
only in the late 1970s.

1980 Giovanni de Bastiani in Verona produces the Orthofix.

TIMELINE OF BONE REPAIR
1739 Duhamel in France feeds madder to pigs and studies bone 

repair after fracture. Bone formed under the periosteum. Al
brecht von Haller, a Swiss (1708-1777), repeats the experi
ments and concludes that the periosteum has no role in bone 

Box continued on following page
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formation. It is an investing membrane, and the arteries form 
bone. This argument continued for nearly 200 years, and it is 
hard to know why different results were reached. Perhaps 
infection and ischemia confused observers.

1842 Flourens’ book on experiments relating to the the develop
ment of bone—supporting the role of periosteum in bone 
formation

1868 The era of the animal experimenters contiues with the publi
cation of Ollier’s book on bone regeneration and the support
ing periosteal osteogenesis.

1878 Macewen of Glasgow begins years of experiments, denying 
periosteal osteogenesis and culminating in replacing a whole 
child’s humerus destroyed by osteomyelitis in 1878. He pub
lishes a book, The Growth of Bone, in 1912, which reviews 
34 years of work.

1908 Auxhausen shows that grafted bone cells remain alive.
1919 Lexer reviews his and others’ results.

♦  Celsus ( 2 5  b c - 5 0  a d )

A Roman writer of encyclopedias. 
He was not a doctor but a collector 
of information. All his work was lost 
until his volume on medicine was 
found in 1443. It was one of the first 
printed books. Best known for the 
signs of Celsus: rubor, tumor, calor, 
and dolor.

NONUNION AND BONE DEFECTS
30 Celsus: stretch the limb and let the ends rub together so that 

“the whole thing is like a fresh fracture.”
1682 Job von Meekren in Holland treats a skull defect w ith a piece 

of dog bone. The Church makes him remove it.
1770 Charles W hite of M anchester exposes the fracture, scrapes 

the periosteum, and applies antimony with success.
1783 White has several successes w ith infected un-united fractures 

of the humerus.
1802 Philip Syng Physick uses a nonabsorbable suture in the frac

ture nonunion to excite inflammation.
1805 Alexis Boyer, Napoleon’s surgeon, describes splints, rubbing, 

and resection.
1812 Birch at St. Thomas’ Hospital, London, uses electricity.
1818 Joseph White in New York uses multiple drilling of the callus 

w ith success.
1826 John Rhea Barton exposes the bone and applies caustics.
1827 J. Kearney Rodgers of New York exposes bone and holds the 

ends together w ith silver wire.
1841 Edward Hartshorne of Philadelphia writes a thesis on pseud- 

arthrosis and is one of the first to use the term.
1855 Henry H. Smith of Philadelphia uses a brace and encourages 

function.
187? H. O. Thomas put a venous tourniquet around the limb to 

produce chronic venous congestion and made a religion of 
giving the patient a little hammer to hit the nonunion— 
“percussion, damming, and dependency.”

1875 Volkmann: ivory peg as an irritant and as fixation
1889 Nicholas Senn: decalcified bone as graft
1911 Hibbs uses cancellous grafts for spinal fusion. Several years 

passed before it was realized that cancellous grafts brought in 
living cells.
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1911 Albee used the carpenter's approach. He cut dovetails and 
other kinds of fancy joints, using the patient’s cortical bone 
and a power saw. In 8 years he reported 3000 cases. He 
initiated the era of using thick grafts that functioned as fixa
tion.

1920 D elangeniere: o steoperiosteal grafts. A sliver o f bone the 
thickness of a 10 cent piece, together with the overlying 
periosteum, is taken and used to replace bone defects.

1931 Gallie grafts all kinds of tissue.
1932 Matti: scaphoid grafting
1934 Ghormley uses local cancellous grafts for lumbosacral fusion
1934 Phemister: cancellous grafts
1934 Svante Orell: processed bone—os purum and os novum
1942 Inclan of Havana starts world’s first bone bank
1944 Plastic surgeon Rainsford Mowlem popularizes cancellous 

bone grafting for war injuries.
195? Ilizarov uses the stress tension principle to transport bone 

into a defect, but the technique remains unknown in the West 
for 20 years.

1957 Maatz: animal bone is processed to make it less antigenic and 
is sold as Kiel bone.

195? Urist begins the search for the chemical messenger for bone 
formation.

196? The Naval Bone Bank at Bethesda sets the standard, and many 
banks follow.

1963 The AO group divide nonunion into hypertrophic, requiring 
compression fixation, and atrophic, requiring grafting.

1977 Taylor: microvascular transfer of living fibula
1978 Bassett: electricity to stimulate bone formation remains a con

tentious issue.

BiogmpHies

G alen (ad  1 30-200). G alen w as b o rn  in  Turkey, w h ic h  w as 
th e n  u n d e r  R om an con tro l, and  s tud ied  in  various p a rts  o f  th e  
M iddle East befo re  b eco m in g  Physician to  th e  G ladiators in  Perga- 
m on, Turkey. He m oved  to  Rom e, w h e re  h e  b ecam e a leading 
d o c to r  and  re tired  a t th e  age o f  ab o u t 60  to  w r i te — and  these  
w ritings s tam ped  his ideas o n  th e  w orld . He believed  in  th e  four 
h u m o rs an d  h ad  ca rrie d  o u t just en o u g h  d issec tion  an d  physio logic 
study  for su cceed in g  generations to  ho ld  his w ritings as sacred  as 
go sp e l— G alen w as to  b e  believed  an d  n o t ques tioned . T h rough  no 
fault o f  his, h is ideas w ere  a ba rricad e  against n e w  in fo rm ation  for 
m ore  th an  1000 years.

G uy de C hauliac (1 3 0 0 -1 3 6 8 ). He s tud ied  in  Paris, M ontpellier, 
and  P rague and  co llec ted  a big library. S tarting as an  itin eran t 
surgeon , h e  se ttled  in  A vignon to  w o rk  for th e  Popes. H e w ro te  
The Large Book of Surgery in  1363, in  w h ich  frac tu re  trea tm e n t 
w as described . H e w as an  in v en to r o f trac tio n  w ith  w eigh ts  and
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♦ Sir Astley Cooper

pu lleys fo r fractu res o f  th e  shaft o f  th e  fem ur. At o u r hosp ita l w e  
have only  just given th is  u p — it to o k  over 600 years. Som e physi
cians are still using  it.

G uido G uidi (1 5 0 0 -1 5 6 9 ). F lo ren tine  su rgeon  w h o  to o k  the  
long-lost w orks o f H ippocra tes  to  Paris an d  p ro d u c e d  an  ed ition  in  
Latin in  1544 w ith  som e o f  th e  b es t early illustrations o f  fracture 
red u c tio n . It is n o t c lear w h e th e r  h e  w ro te  a bo o k  o f  his ow n.

R ichard W isem an (1 6 2 2 -1 6 7 6 ). A B ritish su rgeon  w h o  sp e n t 
th e  p e r io d  o f  th e  English civil w a r in  exile in  E urope as an  Arm y 
su rgeon . W h en  th e  King re tu rn ed , W isem an b ecam e his physician. 
His book , Severall Chirurgical Treatises, o f  1676 co n ta in ed  d e
sc rip tio n s o f  tu b e rc u lo u s  jo in ts, fractures, and  g u n sh o t w ounds.

Lorenz H eister (1 6 8 3 -1 7 5 8 ). N urem berg  surgeon . His bo o k  on  
fractu res w as w ritte n  in  G erm an  in  1719 b u t w as transla ted  in to  
m ost languages, and  it has ex ce llen t illustrations.

Jo h n  H u n te r (1 7 2 8 -1 7 9 3 ). An early  su rgeon  scientist. He w as 
b o rn  n ea r  G lasgow  an d  afte r do ing  badly  at schoo l w e n t to  London 
to  h e lp  h is b ro th e r  teach  anatom y. H e s tud ied  su rgery  and  jo ined  
th e  Army, w ork ing  in  Portugal. This fo rm ed  th e  basis o f  h is book  
A Treatise on the Blood, Inflammation and Gunshot Wounds in  
1794. H e subsequen tly  w o rk e d  at St. G eo rge’s H ospital. T he Hyde 
Park site  is n o w  a ho te l. His claim  to  fam e w as h is use o f  observa
tio n  and  scientific reasoning , his ex p e rim en ts  o n  transp lan ta tion  
an d  b o n e  g row th , and  his m useum  at th e  Royal C ollege o f  Sur
geons, London, w h ich  illustrated  h is  discoveries. He d ied  at a 
sto rm y staff m eeting  in  th e  hosp ita l b oard  room . A w arn ing  to  all.

P ierre-Joseph D esault (1 7 4 4 -1 7 9 5 ). C hief su rgeon  at H otel 
D ieu in  Paris. H e fo u n d ed  th e  first surgical journal, Jou rna l de 
C hirurgie, and  in v en ted  d eb rid e m en t o f fractures. H e had  a huge 
surgical p rac tice  and  p io n e e re d  b ed s id e  teach ing . H e o p e ra ted  in 
an  a m p h ith e a te r  seating  300. D uring  th e  F rench  R evolution h e  w as 
c a rted  to  p riso n  by  c itizen  s tu d en ts  fo r h is teaching.

Sir A stley C o o p e r (1 7 6 8 -1 8 4 5 ). London surgeon. He sp e n t 
tim e studying  in  Paris du ring  th e  Revolution. A uthor o f  a treatise 
o n  d islocations and  fractu res in  1822. This is a fine atlas and 
inc ludes som e ex p e rim en ta l studies. U sed ca tgu t befo re  Lister. 
A voided am p u ta tio n  for o p e n  fractu res by  im m obilizing th e  limb.

Philip  Syng Physick (1 7 6 8 -1 8 3 7 ). B orn  in  th e  U nited  States, 
h e  stud ied  w ith  H u n te r in L ondon and  w as offered  a job. He 
re tu rn e d  to  A m erica to  b ec o m e th e  first p ro fesso r o f  su rgery  at 
Philadelphia. H e o p e ra ted  o n  un-un ited  fractu res by  p u ttin g  a su
tu re  in  th e  fractu re  site. He in v en ted  a sp lin t fo r fractu re  o f th e  
shaft o f  th e  fem ur. His lec tu res  w ere  p u b lish ed  as th e  first surgical 
tex t fo r s tu d en ts  by  his nephew , Jo h n  Syng Dorsey, in  1813. T he 
fa th e r o f  A m erican  Surgery.
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W illiam  G ib so n  (1 7 8 8 -1 8 6 8 ) . R e flec tio n s  o n  su rgery , p u b 
lished in  1824, had  a lo t to  say ab o u t fractures. Early U nited  States 
surgeon.

Jo se p h  W attm ann (1 7 8 9 -1 8 6 6 ). P rofessor o f  su rgery  in  V ienna. 
He inven ted  teach ing  m ann ik ins fo r p rac tic ing  red u c tio n  o f  frac
tu res, w h ich  are d esc rib ed  in  a b o o k  p u b lish ed  in 1823.

A dolph  Leopold  R ich ter (1 7 9 8 -1 8 7 6 ). P russian  Arm y su rgeon  
w h o  p u b lish ed  an  illustra ted  bo o k  o n  fractu re  sp lin ts an d  ap p ara tu s  
in  1828.

S am uel D. G ro ss  (1 8 0 5 -1 8 8 4 ) . Early P h ila d e lp h ia  su rg e o n . 
W ro te  th e  first A m erican  o rth o p ae d ic  te x tb o o k  at th e  age o f  25.

Jo h n  H ilton (1 8 0 5 -1 8 7 8 ). Surgeon at G uy’s H ospital, London. 
H e is b es t k n o w n  fo r w ritin g  On the Influence of Mechanical and 
Physiological Rest in the Treatment of Accidents and Surgical 
Disease and the Diagnostic Value of Pain— abbrev iated  to  On Rest 
and Pain in  a b o o k  title o f  1877. He ex p la in ed  w h y  h ip  p a in  is 
re ferred  to  th e  knee. He w as an  advocate o f  rest.

Jo se p h  Franyois M algaigne (1 8 0 6 -1 8 6 5 ). Lie w as th e  son  o f  a 
p o o r  F rench  c o u n try  d o c to r  and  w o rk e d  as a sec re ta ry  to  h e lp  pay 
fo r education . H e b ecam e a general su rgeon  and  m edica l w riter. In 
1847 ap p e a red  a te x t on  fractu res and  d islocations in  a tw o-volum e 
atlas, w ith  statistical analysis o f  a h uge  n u m b e r o f  fractu res . He 
ed ited  th e  w orks o f  Pare and  w ro te  ab o u t th e  h is to ry  o f  fractures. 
H e fo u n d ed  a surgical journal. M algaigne critic ized  G u erin ’s w ork  
and  w as sued  fo r libel. M algaigne estab lished  th e  freedom  o f sc ien 
tific critic ism  in  co u rt. He inven ted  hoo k s to  ap p ro x im ate  a fractu re  
o f  th e  pate lla  and  a p o in t fo r th e  tibia. H e d esc rib ed  ischem ic 
co n tra c tu re  befo re  V olkm ann, th e  n a tu re  o f  gas in  gas gangrene, 
and  vertical frac tu re  o f  th e  pelvis.

Frank H astings H am ilton  (1 8 1 3 -1 8 8 6 ). U nited  States surgeon. 
B orn in  V erm ont, s tu d e n t at N ew  York and Pennsylvania, h e  b e 
cam e p ro fe sso r at Buffalo. He jo in ed  th e  U nion  Arm y and  w o rk ed  
a t Bellevue H ospital in  N ew  York City. H e co llec ted  in fo rm ation  o n  
th e  resu lts o f trea tm e n t to  use  in  m ed ico lega l cases. In 1855 h e  
pu b lish ed  sta tistics o n  defo rm ities afte r fractu res and  p u b lish ed  the  
first co m p reh en siv e  frac tu re  b o o k  in  English in  I860.

Lewis A tte rbu ry  S im pson (1 8 4 4 -1 9 1 7 ). He w as b o rn  in  N ew  
Je rsey  an d  w o rk e d  as a stockbroker. His w ife w as d iabetic  an d  h e  
s ta rted  to  study  m ed icine , g raduating  from  B ellevue in  1875. He 
w ro te  a trea tise  o n  fractu res in  1883-

Fred C o tto n  (1 8 6 9 -1 9 3 8 ) s ta rted  h e lp ing  S cudder b u t th e n  
w ro te  h is o w n  b o o k  w ith  h is o w n  draw ings in  1910. H e is rem em 
b ere d  fo r th e  C otton-L oder p o sitio n  o f ex trem e flexion fo r a C olles’ 
fracture. Som e th o u g h t th is  w as a te rm  derived  from  th e  tex tile  
industry.

♦  Joseph Wattman

♦  Frank Hastings Hamilton

♦  Lewis Atterbury Simpson
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♦  Lorenz Bohler

♦ Joseph Trueta

H. W in n ett O rr (1 8 7 7 -1 9 5 6 ). H e g raduated  from  th e  U niversity 
o f  N ebraska and, afte r a tim e in  general p rac tice , tra ined  in  o rth o 
p aed ics. He w e n t to  E urope in  W orld W ar I an d  sta rted  to  trea t 
o p e n  frac tu res  by  d eb rid e m e n t fo llow ed b y  im m obilization  and 
in freq u en t dressings in  th e  T hom as tradition .

Lorenz B ohler (1 8 8 5 -1 9 7 3 ). W hile h e  w as a s tu d e n t at Vienna, 
traum a w ards w ere  o p en ed , w h ich  im pressed  him . D uring a sho rt 
v isit to  th e  Mayo C linic in  1914 h e  saw  th e  value o f  organization  
an d  se t u p  an  arm y hosp ita l for fractu res d u ring  W orld W ar I, 
w h ich  sh o w ed  su p e rio r  results. He, like R obert Jones, saw  the  
sim ilarity  b e tw e e n  m ilitary  an d  industria l injuries. In 1925, A ustrian 
in su ran ce  co m p an ies  fo u n d ed  an A cciden t H ospital in  V ienna, and  
B ohler led  th is  fo r 30 years. H e in fluenced  everyone in  h is genera
tio n  and  w ro te  th e  b o o k  o n  fractures, w h ich  w as pu b lish ed  in 
1929 an d  w e n t th ro u g h  m any ed itions and  translations. H ey Groves 
transla ted  it in to  English. Dr. B ohler “d em o n stra ted  th a t th e  p ro p e r  
trea tm e n t o f  fractu res is n o t only a scientific p ro b lem  o r a ph ilan 
th ro p ic  duty, b u t also a business p roposition . In o th e r  w ords, it 
pays to  trea t fractu res well.” T he h o sp ita l w as ru n  on  au tho rita rian  
lines. He dev e lo p ed  th e  Bohler-Braun sp lin t fo r trea tm e n t o f  low er 
lim b fractures. H e u sed  sk in tigh t casts. His organizing ability w as 
h is streng th . H e tr ie d  to  m ake it re sp ec tab le  to  be a fracture 
surgeon , b u t d id n ’t q u ite  su cceed  in his lifetim e.

A lberto  Inclan  (1 8 8 8 -1 9 6 5 ). P rofessor at Havana, w h o  sta rted  
th e  first b o n e  bank.

Jo se p h  T rueta  (1 8 9 7 -1 9 7 7 ). H e w as b o rn  in  B arcelona and 
b ecam e ch ie f su rgeon  and  p ro fe sso r th e re  w h e n  th e  Spanish Civil 
W ar b roke  o u t an d  h e  found  h im self o n  th e  losing side. He cared  
fo r m any in ju red  so ld iers an d  dev e lo p ed  a c losed  p la ste r trea tm en t 
o f  o p e n  fractures. He esca p ed  to  Britain and  clim bed  to  th e  to p  
again  b ecau se  o f  his clinical an d  resea rch  skills. H e becam e pro fes
so r at O xford, d raw ing  s tu d e n ts  from  a ro u n d  th e  w orld . Peace 
re tu rn e d  to  C atalonia in  tim e for h im  to  re tire  there .
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S p o r t s  cm d  
yUedicine

W e are g row ing  m o re  skilled in  th e  arts  o f  leisure. W e ex p e c t 
o u r  d o c to rs  to  b ec o m e  m ore  skilled in  fixing th e  co n se 

q u en c es  o f le isure injuries.
T here  w as o n ce  a tim e w h e n  in ju ries w ere  e i th e r  igno red  o r 

trea ted  by am pu tation ; p a tien ts  gave thanks for surviving. Today, 
th e  ex p e c ta tio n  is fo r a qu ick  re tu rn  to  th e  p rev io u s level o f 
activity. In particular, th is  is tru e  fo r in ju red  highly  paid  professional 
a th le tes w h o  are n o t ea rn ing  th e ir  k ee p  until th e y  p lay  again. 
H ence th e  n ee d  and  financial su p p o rt fo r sp o rts  m ed ic in e  docto rs. 
T he n ee d  is n o t ju st from  professional p layers— th e  overw eigh t 
a rth ritic  w ee k en d  O lym pian playing o u t a fantasy w an ts  to  share 
th e  sam e “jock  d o c ” as a baseball great.

In fo rm er tim es th e  h u m an  n ee d  for m uscu la r activity  w as 
fulfilled by  w o rk  o r  th e  use o f  survival skills. Today w e  have to  find 
it in  sports. In ju ry  used  to  b e  w o rk  re la ted  o r  tran sp o rta tio n  related , 
bu t n o w  le isure in ju ry  o r  sp o rts  in jury  is im portan t.

S ports m ed ic ine  is d iv ided in to  th re e  parts:

1. Sports medicine and physiology—c o n c e rn e d  w ith  physical 
fitness an d  w ith  exerc ise  physiology. T he an c ie n t G reeks 
s ta rted  th e  idea o f  th e  sou n d  m ind  in a fit body. N ow  it is 
very  scientific.

2. Sports surgery—ab o u t in juries and  th e ir  p reven tion . G alen 
w as su rgeon  to  th e  gladiators.

3. Sports rehabilitation— th e  benefits  o f  sp o rts  as a m eans to  
recovery  from  illness. Ludw ig G u ttm an  o f  S toke M andeville 
H ospital, England, s ta rted  th e  Para-O lym pics fo r p arap le
gics, and  th e  Special O lym pics m o v em en t n o w  inc ludes 
th o se  w ith  all k inds o f  disabilities.

Sports Style

T he idea o f  sp o rts  has ch an g ed  over th e  years, and  today  it 
includes every th ing  from  a boy  k icking a ball a round  u n o b se rv ed  
to  a p ro fessional p layer w ith  th e  eyes o f  th e  w o rld  o n  him .

Each era has had  ch arac teris tic  features.
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Greek. This style inc luded  runn ing , jum ping , and  w restling , 
w ith o u t team  sports . W ar w as s to p p e d  to  allow  organized  sp o rts  
and  to  allow  a th le tes  to  cross enem y lines to  reach  th e  site o f  the  
O lym pics. T h e  m en  w ere  naked , an d  w o m en  w ere  n o t allow ed  to  
p a rtic ip a te  o r  w atch .

Roman. S ports h ad  b ec o m e a sp e c ta to r  occu p atio n , w ith  
b attles to  th e  d ea th  b e tw e e n  gladiators, m en, and  w ild  anim als, 
and  th e n  th e re  w ere  th e  ch a rio t races. T he V ictor L udorum  (w in n er 
o f  th e  gam es) w as a survivor.

As su rg eo n  to  th e  g ladiators, G alen  co u ld  b e  co n sid ered  th e  
first sp o rts  m ed ic ine  doctor. He m ay have taken  th e  job  just b e 
cause  hu m an  d issection  w as p ro h ib ited , and  th ese  b lood th irsty  
gam es gave h im  th e  o p p o rtu n ity  to  exam ine th e  in te rio r  o f  th e  
hu m an  body.

Medieval. Peasants w o rk e d  and  prayed and  fought. T he nobles 
had  le isure for falconry, th e  chase , an d  jousting. T hese w ou ld  have 
b e e n  lean  tim es for a sp o rts  doctor.

Victorian. S p o rts  w e re  p r o m o te d  to  e n c o u ra g e  th e  team  
sp ir it—p u ttin g  o th e rs  ah ead  o f  self. Individual sp o rts  w ere  n o t a 
fea tu re  o f  th is tim e. Team  sp o rts  w ere  a w ay  o f  m axim izing th e  
m ental, em otional, and  physical effort th a t a p e rso n  cou ld  p u t in to  
a task  w ith o u t m u c h  risk. If a p e rso n  w o u ld  do  th is for his team , 
h e  w o u ld  do  it fo r h is co m m u n ity  and  country . “T he Battle o f 
W aterloo w as w o n  o n  th e  p laying fields o f  Eton,” so th e  saying 
goes. From  th is tim e nationalism  affects sports.

20th Century Communism. S ports b ro k e  d o w n  traditional 
society. P ow er u sed  to  com e from  land  o w n ersh ip  and social class. 
W ith  th e  n e w  order, sp o rts  h e ro e s  to o k  p re c e d e n c e  over everyone 
e x c e p t  th e  p o lit ic ia n s . T h e  ro le  o f  s p o r ts  d o c to rs  w a s  o f te n  
c lan d estin e—using  p erfo rm ance-enhanc ing  m ethods, such  as ste
ro ids o r  b lood  transfusion.

Professional Sports. S ports has re tu rn ed  to  its R om an roo ts 
as sp e c ta to r  activity. Team  o w n ers  are anx ious to  k ee p  th e  p layers 
fit, b ecau se  th e y  w a n t a re tu rn  o n  th e ir  investm ent. H ence  th e  
em erg en ce  o f  e lite  pa tien ts  w h o  w ill su p p o rt a lucrative p rac tice .

Fitness Movement. T here  w as a tim e w h e n  w ork  m ean t hard  
physical effort, b u t n o w  it generally  m eans sed en ta ry  occupations. 
W e all te n d  to  g e t stiff an d  do  n o t feel th e  g low  o f a  recen tly  
ex e rc ised  m uscle, and  th e n  as th e  years pass w e  get fat. T he 
resp o n se  has b ee n  le isure exercise . S treets are filled w ith  joggers. 
T he w in d o w s o f h ea lth  clubs fram e silhouettes o f m en  and w o m en  
w restling  w ith  m achines. N ow  “fitness in ju ries” o c c u r  in  large 
nu m b ers . Every to w n  has a sp o rts  m ed ic in e  clin ic w h e re  m iddle- 
aged  c itizens can  co m p are  th e ir  in juries w ith  th o se  o f  th e  stars. 
T heir in co m e and  th e ir  fam e m ay n o t b e  th e  sam e, b u t th e y  are 
b ro th e rs  in sym ptom s. Type A persona lities get overuse  p rob lem s 
for w h ich  th e y  w an t relief. N ow  th a t m ost fitness en thusiasts  have 
h ea lth  insu rance, th e  p rov ision  o f  care  fo r th e m  is attractive.

Para-Olympic (Special Olympic) Movement. W heelchair 
sp o rts  have d o n e  w o n d e rs  fo r parap leg ics. It m akes th e m  fit and  is 
a b o o st to  m orale. A nd it w as all s ta rted  by  a m an w h o  w o u ld n ’t 
ru n  fo r a b u s— Ludw ig G uttm an.



TIMELINE OF SPORTS MEDICINE BEFORE 1900
160 Galen, surgeon to the gladiators in Turkey. “/  regard the mode 

of living of athletes as a regime far more favorable to illness 
than to health.”

1400 Vittorino da Feltre (1378-1446) founds a school for children 
that has sports and physical education.

1553 Christobal Mendez of Spain writes the first printed book on 
exercise, The Book of Bodily Exercise, reprinted in English 
in I960.

1569 Six Books on the Art of Gymnastics by Geronimo Mercuriale 
(1530-1606). This professor of medicine at Padua publishes a 
book on physical education. It has lovely woodcuts depicting 
various sports. The emphasis is on health rather than injury.

1582 Laurent Joubert (1529-1583), professor of medicine at Mont
pellier, introduces lectures on therapeutic gymnastics into the 
medical course.

1680 Borelli, On the Movement of Animals, a book on biomecha
nics

1813 Pehr Henrik Ling founds the Royal Central Institute of Gym
nastics in Sweden for remedial gymnastics.

1879 Zander exercise machines.
1888 F e rn an d  Lagrange, Physiology of Bodily Exercise, N e w  York. 

An early  w o rk  o n  ex erc ise  physio logy; m any  follow.

♦ Geronimo Mercuriale (1530— 
1606)

Professor of medicine at Padua, Bolo
gna, and Pisa. He translated Hippoc
rates, wrote texts on dermatology, pe
diatrics, the ear, and the gymnastic 
arts (1569). He promoted the Greek 
ideal of health through exercise, and 
his book remained in print for more 
than 100 years.

♦ Geronimo Mercuriale, 1569.
Six books on the art of gymnastics. Exercise for men and women.
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TIMELINE OF SPORTS MEDICINE AFTER 1900
1904 Arthur Mallwitz uses the term sports physician.
1909 Robert Tait McKenzie (professor of physical education and 

physical therapy at the University of Pennsylvania) writes 
Exercise in Education and Medicine. He graduated in Medi
cine from McGill in 1892 and was a sculptor.

1910 Hygiene of Sports in two volumes by Siegfried Weissbein 
of Berlin

1912 First sports physician Congress in Oberhof/Thuringen
1913 Congress on physical therapy for sports in Paris
1914 “Die Sportverletzungen” by G. Van Saar in Encyclopaedia of 

Surgery by Van Bruns
1917 The Trainer’s Bible by Samuel Bilik included care of injuries.
1923 F. A. Bainbridge publishes Physiology of Muscular Exercise, 

University of London.
1924 German Association of Physicians for the Promotion of Physi

cal Culture publishes first sports medicine journal.
1928 Meeting during the W inter Olympics in St. Moritz plans the 

first meeting of the Federation International Medico-sportive 
et Scientifique to be held during the Summer Olympics in 
Amsterdam. Meetings are held subsequently with each Olym
pic Games.

1930 F. J. Kirby publishes Baseball Pitcher’s Elbow.
1931 Charles B. Heald: Injuries and Sport; A General Guide for 

the Practitioner, London
1933 Foundations of Sports Medicine by F. Herxheimer in German
1938 Augustus Thorndike (Harvard team physician) writes Athletic 

Injuries: Prevention, Diagnosis and Treatment
1949 National Athletic Trainers Association established
1954 American College of Sports Medicine founded with 45 mem

bers; by 1992 there are 13,155 members. The organization 
has been more interested in physical education and exercise 
physiology than in orthopaedics.

1954-1977 American Medical Association Committee on Sports
1961 fournal of Sports Medicine founded
1962 American Academy of Orthopaedic Surgeons Committee on 

Sports Medicine
1962 Don O’Donaghue: Treatment of Injuries to Athletes, Philadel

phia
1972 American Journal of Sports Medicine founded

Jon as Zander (1835-1920), Stockholm

H e bu ilt exerc ise  m ach ines in  1862 w h ich  live o n  today  as 
row ing  an d  s te p p in g  m achines. Som e w ere  electrically  p o w ered  
m ach ines for passive m otion , and  o th e rs  w ere  for active exercise 
against resis tance. He o p e n e d  M edico-M echanical Institu tes in  m any 
cities, w ith  m ore  th an  70  d iffe ren t m achines.

♦ Jonas Zander (1835 -1920)

A native of Stockholm, he was a founder of health clubs. His machines were 
popular for rehabilitation during World War I.
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Zander’s machines provided exer
cise and were the first robot thera
pists. This is Dr. Zander’s veloci
ped e . From  Lavertin A: Dr.
Zander’s Medico-mechanical Gym
nastics. Stockholm, 1893.

flisto^y of Team  Ciames

Mayan Ball Courts. Today’s sp o rtsm e n  do  it to  get fit and  to  
w in . T he aim  h e re  w as to  avoid losing an d  b eco m in g  a hum an  
sacrifice. S ports d id  n o t ca tc h  o n  as a p o p u la r  activ ity  at th is tim e.

Rackets. Played against a w all, rackets  s ta rted  in m any lands. 
In Britain it w as a p o p u la r  jail sp o rt. Squash is th e  p riva te  schoo l 
version.

Polo. Played o n  h o rseback , po lo  beg an  in  Persia before 500 
b c . T here  w ere  in te rn a tio n a l m atches in  th e  11 th  century .

Cricket. This began  in  th e  1500s, an d  th e re  w ere  C ounty  
m atches in  England from  1719; th e  M ary lebone C ricket C lub w as 
founded  in  1787. Test c rick e t (in te rn a tio n a l co m p etitio n ) began  
in  1877.

Lawn Tennis. This evolved from  royal tennis. H enry  th e  
E ighth bu ilt a c o u r t for h im self in  1529. W im bledon  has b e e n  going 
since 1877.

Football. T he co m p u lsio n  to  kick a s to n e  is irresistib le , and 
th e  ru d im en ts  go back  to  o u r  beg inn ings. T he G reeks d id  it. T he 
Brits d id  it so  w ildly (as th e y  do  today) th a t th e re  w e re  Royal 
P roclam ations against it in  1314, 1349, 1447, 1449, 1572, and  
1581. A ccidents w ere  com m on , an d  th e  serfs sp e n t tim e playing 
football w h e n  th e y  shou ld  have b e e n  p rac tic in g  arch ery  to  fight 
th e  enemy. T he Football A ssociation  w as fo rm ed  in  1863 and  
p ro d u c e d  soccer. R ugger beg an  w h e n  W illiam  W ebb Ellis “w ith  a 
fine d isregard  for th e  ru les o f  football . . . first to o k  th e  ball in  his 
arm s an d  ran  w ith  i t” in  1823-

Australian Football 1860s.
Am erican Football. G oes b a c k  to  1873 w h e n  C o lu m b ia , 

P rince ton , Yale, and  H arvard ag reed  on  som e rules.
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Baseball. A b lend  o f  ro u n d e rs  and  cricket. Players ran  from  
stake to  stake, b u t in juries in  th e  1840s led  to  th e  use o f  sandbags 
called  bases. T he ru les gradually evolved. T he first gam e w as played 
u n d e r  o n e  set o f  ru les in C o o p e rs to w n , N ew  York, in  1839, and 
th e  first gam e u n d e r  o th e r  ru les in  1846 at H oboken , N ew  Jersey. 
A Professional Baseball Players o rgan ization  beg an  in  1871. T he 
W orld Series began  in  1903.

Basketball. This gam e w as inven ted  in  1891 by  a C anadian 
clergym an  an d  la te r physician , Jam es N aism ith, at th e  YMCA in 
Springfield, M assachusetts, as a vigorous w in te r  in door sport.

Golf. G olf beg an  w ith  S cotsm en try ing  to  h it a ball fa rther 
th a n  each  o th e r  un til th e  Royal an d  A ncien t G olf C lub at St. 
A ndrew s, fo u n d ed  in  1754, es tab lished  th e  c u rre n t objectives. The 
British O p en  b egan  in  I860 .

Hockey. This is an  an c ie n t stick  gam e th a t to o k  to  th e  ice in 
1853 w h e n  B ritish so ld iers s ta tioned  in  C anada m ade th e  b est o f 
th e  w e a th e r  cond itions.

The Olympian Games

T hese a th le tic  c o n te s ts  began  in 776  b c  as a tr ib u te  to  the  
god  Zeus. T here  w ere  foo traces, w restling , box ing , h o rse  racing, 
p e n ta th lo n  (ru n n in g , long  jum p, javelin, d iscus, w restling), and 
ra c e s  in  a rm or. T h e  m e n  w e re  n a k e d  a n d  w o m e n  w e re  n o t 
a llow ed— especially  in  th e  aud ience . T he G am es w ere  abo lished  in 
394. T h ere  w ere  o th e r  G reek  gam es. T he R om ans favored gam es 
o f  a m ore  v io len t n a tu re — b attle s  to  th e  death . In 1896 a F rench
m an, B aron P ierre de C oubertin , in itia ted  th e  O lym pic G am es on  
th e  G reek  m odel.

B aseball CTnjuey

FOREIGN BODIES IN THE ELBOW JOINT 
("BASEBALL PITCHER'S ELBOW")

F. J. KIRBY, BALTIMORE, 1930

“This type of injury, giving rise to a foreign body in the 
elbow joint, I have designated ‘the baseball pitcher’s elbow.’ The 
cases I have seen all occurred in strong young men, who were 
pitchers on the baseball teams in their respective colleges. In each 
case, the injury which later led to the formation of the foreign 
body in the elbow jo in t occurred while the patient was pitching 
during a game of ball

“Frequently a pitcher, during the wind-up, . . . extends the 
forearm rapidly and fully and the head of the radius is brought 
backward suddenly and with great force against the condyle of 
the humerus. The result is that a small piece of cartilage and 
bone from the head of the radius is chipped off—a chisel fracture 
of the head of the radius. This small, broken-off piece of bone 
and cartilage remains about the jo in t and by constant irritation 
it is likely to increase somewhat in size.
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Rupture of the long head of the biceps. From Adams, 1883.

“The treatment consisted o f opening the elbow jo in t over the 
head of the radius and removing the foreign body, and then 
closing the wound.

“The lesion (fracture) occurs on the posterior inner surface 
of the head of the radius. The bodies varied in size, from one the 
size of a coffee bean to two as large as almonds, and oval. They 
consisted of cartilage and, when sectioned, were found to contain 
bone in the center.

“The patients all did well after removal of the foreign body 
and secured a fully useful joint, with an arm and forearm as 
strong as before injury.’’

BiomecKanics

G iovanni Borelli (1 6 0 8 -1 6 7 9 ) saw  th e  m uscles an d  b o n es  as 
levers and  s tud ied  th e  m o tio n  o f  b irds in  flight. T he illustrations in 
his book  On the movement of animals (1 6 8 0 -1 6 8 1 ) p ro v id ed  th e  
basis for scientific study. A con tem porary , M arcello M alpighi, w ro te  
th a t “the mechanisms of our bodies are composed of strings, 
thread, beams, levers, cloth, flowing fluid, cisterns, ducts, filters, 
sieves and other similar m echan ism sThis w as th e  era  w h e n  th e  
body  w as beg inn ing  to  b e  se en  in m echanical te rm s. T he body  “is 
a machine that winds its own springs j  w ro te  Ju lien  d e  la M ettrie 
in 1748. ♦ Giovanni Borelli (1608-1679)
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T he s tudy  o f  m o tio n  to o k  a leap  fo rw ard  w ith  Eadw eard 
M uybridge in  California in  1870 w h e n  h e  to o k  slow -m otion p h o to 
graphs. E tienne-Jules M arey (1 8 3 0 -1 9 0 4 ) in  F rance m ade ob jective 
m easu rem en t o f  m otion , and  th e  G erm an  Arm y lo oked  a t th e  w ork  
do n e  in  m arching .

R eferences

Chapter references are located in Chapter 26.

F igu res 21 4 8, 21 ♦ 9, 21 ♦  10, 21 ♦ 11, 21 ♦ 12, 
21 ♦  13.

Borelli’s studies of the body as a machine made of levers, 1680.
Figure continued on pages 483, 484, and 485
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♦  C h a p t e r  T w e n t y - t w o

K n e e

Th e  k n ee  is a jo in t o f g reat subtlety. T he finer p o in ts  are still 
being  d iscovered . A rth ro sco p y  and  m agnetic  reso n an ce  im 

aging b ring  in fo rm ation  to  th e  clin ic th a t u sed  to  b e  available only 
in  th e  laboratory, in  op era tin g  room s, an d  p o s t m ortem .

In earlier tim es, only  th e  gross p ro b lem s o f  th e  k n ee  received  
atten tion . T here  has b e e n  a gradual m ove to w ard  th e  sub tle. The 
o ld  focus w as o n  in fec tion  an d  rach itic  deform ity, th e n  locking, 
and  n o w  instability. In th e  p as t p eo p le  d id  n o t live long  en o u g h  to  
develop  arth ritis  an d  w a n t a jo in t rep la ce m en t as th e y  do  now.

Types of cartilage tear. From McMurray TP: A Practice of 
Orthopaedic Surgery, 3rd ed. London: E. Arnold, 1949, Fig 
18. Used with permission.
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TIMELINE OF MENISCI
1773 William Bromfeild, London surgeon, writes an early account 

of meniscal locking. “I have seen a temporary lameness 
happen from one of the semilunar cartilages within the 
joint having flipped out of its situation; the knee immedi
ately became swelled and very painful . . . The assistant 
having hold of the leg and sometimes lightly extending and 
at other times gently bending it while I was examining the 
joint of the knee, the cartilage flipped into its place and the 
patient soon became easy.”

1803 William Hey coins the phrase “internal derangement of the 
knee.”

1834 John Reid: pathology of meniscal tears. He described a periph
eral detachment.

1845 Amedee Bonnet: In his book on diseases of joints he describes 
producing experimental injuries in cadavers. A varus force in 
the young separates an epiphysis; in the young adult the 
lateral and cruciate ligaments are torn. In elderly people, the 
bone fractures. Rotation produced sliding of the medial femo
ral condyle behind the posterior horn, but he did not produce 
a tear.

1885 Thomas Annandale writes about an operation for displaced 
semilunar cartilage.

1928 McMurray sign of torn meniscus
1936 Don King shows that an experimental peripheral detachment 

of the meniscus in a dog will heal.

W illiam  H ey (1736-1819)

W illiam  H ey w as th e  fo u n d e r o f  su rgery  a t Leeds, England, and 
in itiated  th e  co n s tru c tio n  o f a hosp ita l there . His life sto ry  

w as w ritte n  by his pup il, Jo h n  Pearson; it is a m ost rem arkable 
w ork , describ ing  his lofty ideals and  relig ious fervor, so m uch  so 
th a t it resem bles a b o o k  ab o u t a saint, d es tin ed  for Sunday reading 
by  a V ictorian  family. Many co n su ltan ts  w o u ld  envy th is devotion 
from  a pupil.

H ey w as b o rn  in  Pudsey  n ea r  Leeds, and  his fa the r w as a dry- 
sa lte r (a dea le r in  th e  ing red ien ts fo r m anufactu ring  clo th). At th e  
age o f  14 h e  w as ap p re n tic e d  to  a su rgeon  and  ap o th ecary  and 
nearly  d ied  o f  an overdose o f  o p iu m  w h ile  studying its effects. In 
1757 h e  w e n t to  St. G eo rge’s H ospital, an d  w h e n  h e  qualified set 
u p  in  p rac tice  in  Leeds. H e w as a busy  general su rgeon  and  accou 
c h e u r  an d  a friend  o f  Jo se p h  Priestly, th e  physicist, w h o  p ro p o sed  
h im  as Fellow  o f th e  Royal Society in  1775. H ey w as always a 
fe rven t chu rchm an : h e  p rea ch ed  to  W esley and  w ro te  tracts. D ur
ing h is  tim e as M ayor and  M agistrate at Leeds h e  en fo rced  th e  
Sunday o b serv an ce  law s very  strictly. T he local inhab itan ts  retali
a ted  by b u rn in g  an  effigy o f him .

He w ro te  a sm all bo o k  on  su rgery  th a t includes several ch ap 
te rs  o n  o rth o p aed ics . He d esc rib ed  su b acu te  osteom yelitis o f th e  
tib ia  befo re  Brodie and  advocated  deroofing  th e  lesion. His in te rest 
in  th e  k n ee  m ay b e  d u e  to  th e  fact th a t h e  banged  his k n ee  getting
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o u t o f  a b a th  in  1773 an d  rem ain ed  lam e all his days. H ow ever, h e  
co ined  th e  p h rase  “in te rn a l d e ran g em en t o f  th e  knee,” and  d e
sc ribed  m en iscus injuries. He w ro te  ab o u t loose  bod ies an d  in tro 
d u ce d  ta rsom eta ta rsa l am pu tation .

He d ied  in  1819, an d  his son  su c ce ed ed  h im  as su rgeon  at 
Leeds Infirm ary, w h e re  h is sta tue  still g races th e  en trance .

INTERNAL DERANGEMENT OF THE KNEE 
WILLIAM HEY, 1803

“The jo in t of the knee is so firmly supported on all sides by 
tendinous ligamentous substances that the bones of the thigh 
and leg are very rarely separated from each other, so as to form  
a dislocation, in the common sense of the term. Great violence 
must take place, and a considerable laceration must happen, 
before the tibia can be completely separated from the os femoris. 
Yet this jo in t is not unfrequently affected with an internal de
rangement of its component parts; and that sometimes in conse
quence of trifling accidents. The disease is, indeed, now and then 
removed, as suddenly as it is produced, by the natural motions 
of the joint, without surgical assistance; but it may remain for 
weeks or months; and will then become a serious misfortune, as 
it causes a considerable degree of lameness. I am not acquainted 
with any author who has described either the disease or the 
remedy; I shall, therefore, give such a description as my own 
experience has furnished me with, and such as will suffice to 
distinguish a complaint, which, when recent, admits of an easy 
method of cure.

“This disorder may happen either with, or without, contu
sion. In the latter case it is readily distinguished. In the former, 
the symptoms are equivocal, till the effects of the contusion are 
removed. When no contusion has happened, or the effects of it 
are removed, the joint, with respect to its shape, appears to be 
uninjured. If there is any difference from its usual appearance, 
it is, that the ligament of the patella appears rather more relaxed 
than in the sound limb. The leg is readily bent or extended by 
the hands of the surgeon, and without pain to the patient; at 
most, the degree of uneasiness caused by this flexion and exten
sion is trifling. But the patient himself cannot freely bend, nor 
perfectly extend, the limb in walking; he is compelled to walk 
with an invariable and small degree of flexion. Though the 
patient is obliged to keep the leg thus stiff in walking; ye t in 
sitting down the affected jo in t will move like the other.

“The complaint which I have described may be brought on, 
I apprehend, by any such alteration in the state of the joint, as 
will prevent the condyles of the os femoris from moving truly in 
the hollow formed by the semilunar cartilages and articular 
depressions of the tibia. An unequal tension of the lateral, or 
cross ligaments, o f the joint, or some slight derangement o f the 
semilunar cartilages, may probably be sufficient to bring on the 
complaint. When the disorder is the effect of contusion, it is most 
likely that the lateral ligament on one side of the jo in t may be 
rendered somewhat more rigid than usual; and hereby prevent

W ritten  in a charm ing  old w orld  
style, this account shows the diffi
culties confronting the doctor who 
looks for first descriptions. Hey’s de
scription may be the first about a 
locked knee, but m uch of the infor
m ation  is irre lev en t, som e is m is
leading (e.g., the relaxed patella liga
m en t), im p o rtan t featu res are 
o m itted , and th e  in te rp re ta tio n  is 
off key.
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that equable motion of the condyles of the os femoris, which is 
necessary for walking with firmness.

“The method of cure, which I am about to propose, must not 
be used while there is any inflammatory affection, or swelling of 
the joint; but only when these effects of contusion are removed. 
The following cases will further illustrate the nature of this com
plaint; and point out the method which I have hitherto found  
successful in removing it.

♦ CASE
In 1 784, the Honourable Miss Harriet Ingram (now Mrs. Ash
ton), as she was playing with a child, and making a consider
able exertion, in stretching herself forwards, and stooping to 
take hold of the child, while she rested upon one leg, brought 
on an immediate lameness in the knee joint of that leg on 
which she stood. The disorder was considered as a simple 
sprain; and a plaster was applied round the joint. As the 
lameness did not diminish in the course of five or six days, I 
was desired to visit her.

"Upon comparing the kneejs], I could perceive no differ
ence, except that, when the limbs were placed in a state of 
complete extension, the ligament of the patella of the injured 
joint seemed to be rather more relaxed, than in that joint 
which had received no injury. When I moved the affected 
knee by a gentle flexion and extension, my patient com
plained of no pain; yet she could not perfectly extend the leg 
in walking, nor bend it in raising the foot from the floor; but 
moved as if the joint had been stiff, limping very much, and 
walking with pain.

"I thought it probable, that the sudden exertion might in 
some degree have altered the situation of the crossed liga
ments, or otherwise have displaced the condyles of the os 
femoris with respect to the semilunar cartilages, so that the 
condyles might meet with some resistance when the flexor or 
extensor muscles were put into action, and thereby the free 
motion of the joint might be hindered, when the incumbent 
weight of the body pressed the thigh bone closely against the 
tibia; though this derangement was not so great as to prevent 
the joint, when relaxed, from being moved with ease.

"To remedy this derangement, I placed my patient upon 
an elevated seat, which had nothing underneath it that could 
prevent the leg from being pushed backward towards the 
posterior part of the thigh. I then extended the joint by the 
assistance of one hand placed just above the knee, while with 
the other hand I grasped the leg. During the continuance of 
the extension I suddenly moved the leg backwards, that it 
might make as acute an angle with the thigh as possible. This 
operation I repeated once, and then desired the young lady to 
try how she could walk. Whatever may be thought of my 
theory, my practice proved successful; for she was immedi
ately able to walk without lameness, and on the third day 
after this reduction she danced at a private ball without incon
venience, or receiving any injury from the exercise."
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FIRST DESCRIPTION OF A MENISCAL TEAR
DR. J. REID, 1834

A m an d ied  in  th e  Infirmary. He had  n o t com p la in ed  o f  h is 
knee. He d id  n o t lim p.

“The fibrous tissue connecting the outer margin of the exter
nal semilunar cartilage to the edge of the head of the tibia was 
torn through in its anterior half and the semilunar cartilage 
was found thrown inwards and backwards. The cartilage of the 
anterior part of the tibia, which had been exposed to the free 
motion of the condyle of the femur, had become rough.”

Reid re p o rte d  th is b ecau se  th e  w ritings o f  H ey and  A. C o o p er 
w ere  u n c lu tte re d  by p a tho log ic  d escrip tions.

Thom as Porter M cM urray (1888-1949)

M cM urray fo llow ed R o b ert Jo n es a t L iverpool, an d  shared  his 
room s at 11 N elson S tree t— room s th a t had  b ee n  bu ilt by  H ugh 
O w en  Thom as. ( “R oom s” is English for office.)

He w as b o rn  in  Belfast, an d  g radua ted  th e re  in  1910. H e th e n  
cam e as a h o u se  su rgeon  to  w o rk  fo r R obert Jones. Later h e  becam e 
le c tu re r  in  o rth o p aed ics , an d  in  1938 o cc u p ie d  th e  first C hair o f 
o rth o p ae d ics  in  Liverpool.

M cM urray w as a m an  w h o  th re w  h im self in to  th e  sp irit o f 
things, w h e th e r  it w as relax ing  in th e  country , playing golf, o r 
opera ting . His su rgery  w as dex terous, assured, an d  very  quickly 
ca rried  o u t— a m en iscus w o u ld  com e o u t in  its en tire ty  in  five 
m inutes. It w as h is dogm atic  verbal teach ing  and  tra in ing  tha t 
are rem em bered , ra th e r  th an  h is literary  o u tp u t, w h ich , th o u g h  
im p o rtan t, w as n o t extensive. He w ro te  a small te x tb o o k  o f  o r th o 
paed ics in  1937, an d  an  artic le  o n  in te rna l d e ran g em en ts  o f  th e  
knee, in  w h ich  h e  in tro d u c ed  his sign o f  a to rn  m eniscus. He w as 
o n e  o f th e  o rig ina to rs o f  o steo to m y  fo r a rth ritis  o f  th e  h ip , an 
o p era tio n  th a t bea rs h is nam e.

THE DIAGNOSIS OF INTERNAL 
DERANGEMENTS OF THE KNEE

1928

“Lesions of the outer cartilage are, undoubtedly, much more 
difficult of diagnosis than those of the inner cartilage, especially 
in those cases in which the definite snap, so typical of these 
lesions, is not present, and lesions of the posterior end of the 
internal cartilage give a much less definite train of symptoms 
than those of the anterior end, and for these cases I have found  
an accessory method of diagnosis of the greatest help.

“In using this method the knee should be flexed completely, 
so that the heel rests on the buttock or as near this point as 
possible: the ankle is then grasped in the right hand, and the 
jo in t controlled by the left hand with the thumb and forefinger

♦ Thomas Porter McMurray



492 Chapter 22 ♦ Knee

firmly grasping it on either side a t the level of the jo in t to its 
posterior aspect, and behind the external and internal lateral 
ligaments respectively. The ankle is now twisted by the right 
hand, so that the knee is rotated inwards and outwards to its 
fullest extent, and if a lesion of the external cartilage or of the 
posterior portion of the internal cartilage is present a definite 
click can be felt under the finger or thumb of the left hand. 
Examination of an abnormally lax knee jo in t in which there is 
no lesion of the internal or external cartilages may give a sensa
tion which might a t first be mistaken for this click, but in such a 
case the click is not definite, and there is never the peculiar 
sliding or gliding of the femur over an apparent obstacle which 
is so typically present when there has been an injury to the 
external cartilage or posterior portion of the internal.

“As an aid in the diagnosis o f doubtful knee-joint lesions this 
method of examination has been of the greatest help to me, 
because it is applicable in just those cases which are otherwise 
so difficult, and in which a correct diagnosis is essential. It is by 
this means that I have been able to diagnose correctly on many 
occasions an injury to the posterior end of the semilunar carti
lage, which at operation on first opening of the joint appeared to 
be perfectly normal. This method is inapplicable to lesions of 
the anterior end of the internal semilunar cartilage, but this, 
fortunately, is of little moment, because diagnosis here is usually 
comparatively easy, and should give rise to little trouble if suffi
cient care is exercised.’’

Thom as A nnandale (1838-1908)

A nnandale w as p ro fe sso r o f  su rgery  at Edinburgh.

AN OPERATION FOR DISPLACED 
SEMILUNAR CARTILAGE
THOMAS ANNANDALE, 1885

A nnandale beg ins by saying th a t a p e rip h e ra l d e tach m en t o f 
th e  m edial m en iscus m ay heal back  w ith  rest, b u t if it does n o t 
and  in te rfe res w ith  a p a tie n t’s o cc u p a tio n  o r  com fort, it may n ee d

“.. .  a new method of procedure which I successfully adopted. 
The excellent result obtained in this case encourages me to ex-

♦  Thomas Annandale
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press the opinion that this, or some similar procedure, may now 
become an established means of treatment.”

♦ CASE
"Thomas M, aged 30, miner, was sent to me on November 
1st 1883. About ten months before, he was working in a 
kneeling position, when he felt something give way in his 
right knee.

"He was unable to work and had an effusion, locking, a 
hollow over the medial meniscus. Came to operation on 16th 
November 1883." [The w aiting  list w as sh o r te r  th e n  th a n  it 
is now ].

"An incision was made along the upper and inner border 
of the tibia, parallel with the anterior margin of the internal 
semilunar cartilage; and the few superficial vessels having 
been secured, the joint was opened. It was then seen that this 
semilunar cartilage was completely separated from its anterior 
attachments, and was displaced backwards about half an inch. 
The anterior edge of this cartilage was now seized by a pair 
of artery catch forceps, and it was drawn forwards into its 
natural position, and held there until three stitches of chromic 
catgut were passed through it and through the fascia and 
periosteum covering the margin of the tibia. The forceps were 
then withdrawn, the cartilage remaining securely stitched in 
position. The wound in the synovial membrane and soft textures 
having been closed with catgut stitches, a splint and plaster- 
of-Paris bandage were applied, so as to keep the joint at rest. 
Seven weeks after the operation, the splint and bandages were 
removed, and gentle movements of the joint practised.

"On January 25th, 1884, the patient was dismissed cured, 
the movement of the joint being good, and the limb steadily 
gaining strength. In April of the same year, the patient returned 
to show the result. He was then seen by many of our distin
guished guests at the Tercentenary, who all expressed the 
opinion that the result was everything that could be desired. 
He had perfect movement in the joint, and had never had the 
slightest effusion or locking of the joint since he commenced 
to go about after the operation."

A rth ro sco p es are  m odified  cys toscopes. T he idea o f  p eek in g  
at th e  in te rio r  o f  th e  bladder, w h ich  o rig in a ted  in  ab o u t 1800, 
cou ld  n o t advance un til th e  inven tion  o f  th e  sm all ligh t bu lb  nearly  
100 years later. C ystoscopy  b ecam e an  im p o rta n t d iagnostic  too l at 
th e  tu rn  o f  th e  cen tury . M iniaturization  to o k  a n o th e r  50 years and  
th e  app lica tio n  o f fiberop tics an d  v ideo  an o th e r  30 years. At first 
a r th ro sc o p y  w as u sed  fo r diagnosis alone; gradually m ore  and  m ore 
co m p lica ted  p ro ce d u re s  b ecam e possib le. N ow  th e re  are su rgeons 
w h o  do n o th in g  b u t arth roscopy , b u t th ey  have to  c o m p e te  w ith  
m agnetic  reso n an ce  im aging in  th e  d iagnostic  role.
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TIMELINE OF ARTHROSCOPY
1918 In Tokyo, Kenji Takagi inspected a cadaver knee with a cysto- 

scope and begins designing scopes. Watanabe studies with 
him.

1921 Eugen Bircher examined a knee with a laparoscope.
1925 Phillip H. Kreuser was the first American to use arthroscopy 

for diagnosis: “Semilunar cartilage disease: A plea for early 
recognition by means of the arthroscope.”

1931 Finkelstein and Meyer did a biopsy through an arthroscope.
1931 Burman used an arthroscope in several joints while a Fellow 

in Germany.
1957 Masaki Watanabe’s Atlas and model 21 arthroscope.
1962 Arthroscopic surgery begins.
1968 Robert Jackson of Toronto goes to Japan to study sarcoma 

and brings arthroscopy back.
1973 First instructional course is given in Philadelphia.

? * *  i i $
'-hi

♦ Eugen Bircher

♦ Robert Jackson

Eugen B irch e r (1882-1956)

Swiss general su rg eo n  w h o  d ev e lo p ed  ivory in tram edullary  
pegs fo r fractu res and  w as a p io n e e r  o f  arth roscopy . In 1920 he 
pu b lish ed  th e  resu lts o f  a r th ro sc o p y  in  cadaver knees an d  th e n  in 
18 pa tien ts . By 1922 h e  co u ld  d iagnose 8  o f 9 m en iscus tears 
correctly .

“Arthroscopy is superior to all other methods of investigation 
and, like endoscopy of the bladder, can be used to define certain 
indications for surgery. It will be met with resistance but will 
gain in popularity and develop to the point a t which it becomes 
indispensable”

Robert Jackso n

O rth o p ae d ic  su rgeon  w h o  p rac tice d  in T oronto. As a Fellow  
h e  sp e n t a year in  Ja p an  in  1968, p lann ing  to  study  th e  tissue 
cu ltu re  o f  b o n e  tum ors. He cam e back  w ith  an a rth ro sc o p e  and 
w as resp o n sib le  for th e  ex p lo sio n  o f  in te rest in  a rth ro sco p y  in 
N o rth  A m erica. H e b ecam e very  active in  th e  Para-Olympics. Like 
m any C anadian  o rth o p ae d ic  su rgeons o f  h is generation , h e  m oved 
to  th e  U nited  States, w h e re  h e  is C hairm an at Baylor C ollege of 
M edicine, H ouston , Texas.

ARTHROSCOPY, OR THE DIRECT 
VISUALIZATION OF JOINTS. AN 
EXPERIMENTAL CADAVER STUDY

MICHAEL S. BURMAN, 1931

“The idea first occurred to us in the latter part of the year 
1929 that it might be possible to see the interior of joints directly 
through a proper instrument introduced into the joint. In Febru-
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The arthroscope of Michael Burman divided into its two 
com ponent parts, 1931. Why did he not pursue this idea? 
From Burman M: J Bone Jt Surg 1931, 13, 669, Fig. 1. Used 
w ith permission.

ary 1930, we consulted with Mr. Reinhold Wappler concerning 
the construction of an instrument for this purpose. An instrument 
was devised according to our particular requirements. At that 
time, Mr Wappler told us that he had not heard of any instrument 
for such a purpose, nor had he ever made any similar instru
ment. We first began work in March 1930 in the Anatomy Labora
tory o f the New York University Medical School, through the 
kindness and interest of Dr. Harold Senior, Professor of Anatomy. 
Material being so limited we were asked by Dr. Senior to delay 
further work until autumn of the same year, at which time a 
greater abundance of material was sure to be available. In 
September 1930, however, we sailed to Europe, and it was not 
until February 1931 that we again resumed work in the Patho
logic Institute of the Krankenhaus der Friedrichstadt-Dresden, 
through the great courtesy of Dr Georg Schmorl. The following is 
a complete report of the work done both in New York and in 
Dresden.. . .

“It was not until we had completed our work that we were 
informed that Bircher had preceded us. Priority should be 
awarded to him, since his work was done in 1922. A brief survey 
of the highlights of his work, which was incidental to his study 
of meniscal injuries, is necessary. He used the Jacobaeus laparo
scope in a jo in t filled with oxygen or nitrogen gas. On the basis 
of a few  cadaver experiments, he believed that only the knee 
jo in t was suitable for examination. He reported twenty clinical 
cases which were examined through his instrument, with the 
findings subsequently confirmed by operation. He saw changes 
in the meniscus (such as hemorrhage and tears), osteochondritis 
of the femur, and synovial tuberculosis, etc. In a foot-note, he 
says that he examined fifteen other cases, in addition to the 
twenty described. His work does not seem to have received any 
support. In 1925, in a speech in Holland, Bircher again affirmed 
the value of this endoscopy of the knee joint, especially in the 
diagnosis of meniscal lesions.

“We have also received word from Dr. Leo Meyer that Dr. H. 
Finkelstein and he have also been working, on this same problem, 
during a period of time coincident, in general, with our work.
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“The term ‘arthroscopy’ is self-evident, and everyone to 
whom the idea is mentioned coins the term spontaneously. It is 
thus natural to designate the instrument as the arthroscope.”

B ircher called  th e  p ro ce ss  variously en d o sco p y  o f  th e  knee 
joint, arth ro-endoscopy, and  arthroscopy .

B urm an used  th e  a rth ro sc o p e  fo r th e  sh ou lder an d  said th is 
w as th e  easiest joint. He u sed  it also fo r th e  w rist, h ip , and  knee.

K en ji Takagi (1888-1963)

"Dr. Kenji Takagi, the surgeon of primacy in the development of the 
arthroscope, encouraged Masaki Watanabe to perfect and attract the 
interest of orthopaedic surgeons to arthroscopy. Takagi was Emeritus 
Professor at Tokyo University. Owing to lack of funds in the 1930s, it 
was not possible to publish color photographs of his work. The task 
remained for his pupil Watanabe to publish two editions of an atlas of 
superbly photographed arthroscopies performed in the interval between 
1957 and 1969. Takagi not only designed the arthroscope but also made 
it available for practical use. His design included 11 types of optical 
tools and several designs of trochar, as well as various accessories. In 
1932, Takagi succeeded in photographing on black and white film 
through the arthroscope operations on the inside of the knee joint, and 
in 1936 Takagi and associates made color photographs and motion 
pictures through the arthroscope. One version of the film was released 
with a sound track of symphony orchestra music. The instruments were 
on display at the International World exhibit in Paris in 1937. Takagi’s 
arthroscope was eventually approved as a pan-endoscope for cavities 
other than the knee joint. In fact, Takagi employed it for myeloscopic 
purposes in cases of spina bifida, as well as those involving nearly every 
joint in the body. He continued to make improvements in the instru
ments until he died in 1963 ” Marshall R. Urist, M.D.

ARTHROSCOPE 

KENJI TAKAGI, 1939

“The first application of endoscopy, cystoscofry, was intro
duced by Max Nitze in 1877 and in 1886. His studies stimulated 
further interest in the use ofendoscofry for organs other than the 
bladder, e.g., the larynx, stomach, colon and vagina, in which the 
lumen consisted of soft tissue. In 1910, Thorakolaparoskop used 
thoracoscopy and cauterization to treat pleural adhesions (the 
Jacobaeus operation). But despite these advancements, the use of 
endoscopy to visualize the interior of joints, i.e., arthroscopy, did 
not develop because of the following characteristics of skeletal 
articular structures: (1) joints have a relatively small lumen; (2) 
the internal jo in t surfaces are complex; and (3) the internal join t 
surface is nonextensible. Between tightly machined surfaces a 
small arthroscope would be easily damaged or destroyed.

“In 1918, I first attempted to directly visualize joints in 
cadaver specimens using a cystoscope, but failed. In 1920, I
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developed a primitive arthroscope, but the diameter was equal to 
that of a cystoscope, and with the external accessories attached, it 
was not clinically applicable. Only in one exception, an elderly 
woman who had tuberculous fistula arthritis of the knee, was 
this primitive arthroscope successfully inserted from the external 
orifice of the fistula. We tried to visualize the internal joint 
surface but fluid leakage through the fistula prevented our bal
looning the lumen. Clearly, the successful use of arthroscopy 
required some consideration of articular structure. I therefore 
proposed that the arthroscope must fulfill the following require
ments: (1) at 1 cm from the arthroscope, the object must be 
visualized as actual size; (2) the length of schadliche must be 
within 1 cm; and (3) the width of the distal part of the arthro
scope must be as slender as possible so that the light sheath does 
not require suture after puncture.

“During my stay in Doutch, I tried to stimulate interest in 
arthroscojyy, but my ideas were not well received. Thus, on return 
to Japan, I exclusively studied arthrography using iodine contrast 
medium and gas. But with arthrography, neither the pathologic 
changes of synovial color, changes of vascular channels, nor 
pathologic fine changes in the articular surface could be identi
fied. Therefore, my attention returned to arthroscopy.

“In 1931, I  designed a Charriere No. 10.5 arthroscope (3.5 
mm diameter) and gained confidence in the clinical application 
of arthroscopy. The first results with its use were presented at the 
64th Orthopaedic Meeting in Japan, June 19, 1932 Q. Jap. Orthop. 
^4ssoc. 7:241, 1932). In 1933, a t the 8th meeting of the Japanese 
Orthopaedic Association, I reported additional results and pre
sented a 16 mm motion picture film using arthroscopy (J. Jap. 
Orthop. Assoc. 7:132, 1932; Tokyo Med. J. 2824:21, 1932). I 
showed that the arthroscope could be applied to visualize the 
inside of joints destroyed by tuberculous arthritis, Charcot hip 
jo in t arthrosis, osteoarthritis, dislocation of the patella, fibrilla
tion of knee joints, and ligamental changes. We also demon
strated that a giant cell sarcoma of the distal femur had prolifer
ated near cruciate ligaments and invaded cartilage tissue. 
Whereas we could not observe the changes using only roentgeno
graphy, by means of the arthroscopy, we could easily visualize 
such lesions as spina bifida and osteitis fibrosa cystica. Entering 
from within the nasal cavity, we could observe the movement of 
the soft palate in exercises of pronunciation before and after a 
cleft palate operation. At this same meeting, Sabrolino, a member 
of my orthopedic department, dem onstrated the arthroscopic 
anatomy of normal joints.

“In 1937, the focus adjustable arthroscope (No. 4) and acces
sories were displayed at the international exposition in Paris. 
Arthroscopy did not further improve until recently because at 
first we could not correctly interpret the arthroscopic anatomy of 
the joints. There were also technical problems with designing a 
slender light sheath. Arthroscofry was technically difficult to per
form. With time, however, I have been able to overcome most of 
these problems.”

♦ Kenji Takagi

Professor at Tokyo University. He 
was disappointed by arthrography 
and started using a cystoscope for 
cadaver knees in 1918. He reported 
arthroscopy in 1932 and later used 
cine-. He also did arthroscopy of 
other joints and myeloscopy in 
spina bifida.
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THE FORMATION OF ABNORMAL 
SYNOVIAL CYSTS IN CONNECTION WITH 

THE JOINTS

W. MORRANT BAKER, 1877 AND 1885

A fter describ ing  cases at som e leng th  Baker w rites  th a t th e  
fo llow ing  conclu sions m ay b e  draw n:

“1. That abnormal synovial cysts may be formed in connec
tion, not only with the knee, but in connection with the shoulder, 
the elbow, the wrist, the hip, and the ankle joints.

2. That the manner of formation of these synovial cysts 
probably resembles that which has been proved to occur in con
nection with the knee-joint, namely, that the synovial fluid on 
reaching a certain amount of tension by accumidation within 
the joint, finds its way out in the direction of least resistance, 
either by the channel by which some normal bursa communi
cates with the joint, or, in the absence of any such channel, by 
forming first a hernia of the synovial membrane. In both cases, 
should the tension continue or increase, the fluid at length es
capes from the sac, and its boundaries are then formed only by 
the muscles and other tissues between and amongst which it 
accumulates.

3■ That in the case of the shoulder-joint the abnormal syno
vial cyst may be found either in front a little below the clavicle, 
or in the upper arm in the region of the biceps muscle.

4. That in connection with the elbow-joint the cyst is usually 
placed on the inner side, a little above the internal condyle of 
the humerus.

5. That in the case of the wrist-joint the synovial cyst may 
be either in front or behind.

6. In the only case in connection with the hip of which a 
note has been preserved, the swelling was in the upper part of 
Scarpa’s triangle.

7. In the one case in connection with the ankle-joint the 
synovial cyst was in front and to the outer side.

8. That the apparent want of direct communication between 
the jo in t and the abnormal synovial cyst is frequently deceptive, 
and should not lead to the inference that no such communica
tion exists.

♦ William Morrant Baker

♦  William Morrant Baker (1839- 
1896)

Bom at Andover, the son of a solicitor, 
William Baker, after being apprenticed 
to a local surgeon, studied at St. Bartho
lomew's Hospital, London. He was a 
very mature student; he passed the Fel
lowship at the age of 25, and married 
the anesthetist's sister, but he did not get 
on to the staff as a full surgeon until the 
age of 43. He passed the intervening 
years as casualty surgeon, assistant to 
out-patients, and assistant to Paget in 
private practice. At one time he was in 
charge of the skin department, and was 
for a long time an anatomy lecturer.

He was a general surgeon, who en
tered the era of antiseptic surgery with
out being attracted to it, and was re
garded as a "good opinion" rather than 
a good operator. He wrote widely on 
general surgery and examined for sev
eral boards; rubber tracheostomy tubes 
were his invention, and he is immortal
ized by his two papers on synovial 
cysts.

He retired before his time on ac
count of locomotor ataxy which led to 
his death.
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9. That the caution given in the previous communication, 
not to interfere by operation with these synovial sacs without 
good reason, has been justified by increased experience.

“Hitherto I have not discovered any relationship between 
the form of osteoarthritis with which some of these synovial cysts 
are associated and locomotor ataxy, but I suspect that in some 
of them a relationship will be found to exist.”

HEMOPHILIA
F. KON IG, 1892

Konig c o n n e c te d  h em oph ilia  and  sw ollen  joints. H e w ro te  
his artic le  b ecau se  a p a tie n t o f  h is had  d ied  afte r inc ision  o f a 
sw ollen  joint.

“We must differentiate between: 1. The stage of the first 
bleeding, the hemarthrosis of the bleeder: 2. the inflammatory 
stage, panarthritis o f the bleeder’s joint; 3■ the regressive stage 
which causes permanent deformity of the bleeder’s knee, the 
contracture of the joint.”

ANTERIOR KNEE PAIN
1888 Cesar Roux of Lausanne describes an operation for recurrent 

dislocation of the patella.
1891 Osgood Schlatter’s disorder is described by Paget.
1903 Osgood describes it.
1921 Christian Sinding-Larsen and Sven Johansson independently 

describe traction tendinitis of the lower pole of the patella. 
1921 Fairbank—apprehension test

♦  Christian Sinding-Larsen

T^VpopKysitis o f  th e  T ib ia l 
T u b e r c le

This seem s to  have b e e n  th e  only varie ty  o f  o steo ch o n d ritis  
th a t w as ap p re c ia ted  befo re  th e  era  o f  X-ray diagnosis. In th e  last 
30 years o f  th e  19th  cen tury , th e re  w ere  half a d o zen  acco u n ts  o f 
th is cond ition , an d  th a t o f  Paget is in c lu d ed  here . R. B. O sgood 
and  Carl S ch la tter (1 8 6 4 -1 9 3 5 ) in d ep en d en tly  d esc rib ed  th e  X-ray 
appearances.

O steo ch o n d ritis  has b e e n  d esc rib ed  in  m ost ep iphyses, sta rt
ing w ith  th e  com ing  o f X-rays.

PERIOSTOSIS FOLLOWING STRAINS
SIR JAMES PAGET, 1891

“Much more common are the enlargements of the tubercle 
of the tibia which are often seen in young people much given to 
athletic games. They complain of aching pain at or about the 
part, especially during and after active exercise, and the tubercle ♦  Carl Schlatter
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may be felt enlarged, and is often too warm. The pain often 
continues more or less for many months, and there may be 
enlargement of the bursa under the ligamentum patellae, and 
the tubercle may remain too prominent; but common as are 
these cases, especially in our public schools, I have never known 
grave mischief ensue in any of them, and they get well of them
selves. They may represent one of the least degrees of periostosis 
due to strain; the increase of the prominence of the bone is only 
ju st beyond that which may be deemed the normal limit for the 
attachment of vigorous muscles.”

♦  Robert Osgood

Robert Osgood (1873—1956)

O sgood h ad  a g reat capac ity  fo r ge tting  o n  w ell w ith  peop le . 
A fter W orld W ar I h ad  b ro u g h t English and  A m erican  o rth o p aed ic  
su rgeons toge ther, h e  en co u rag ed  th is un ity  and  assisted  R obert 
Jo n e s  in  inaugura ting  th e  British O rth o p aed ic  A ssociation.

H e w as b o rn  in Salem, M assachusetts, and g raduated  from  
H arvard  in  1899. At th is tim e X-rays w ere  th e  la test th ing. As an 
in te rn  a t M assachusetts G eneral H ospital, O sgood  h e lp ed  th e  hosp i
tal ph arm acis t ru n  th e  p io n e e r  X-ray service. T he follow ing year h e  
b e c a m e  ro e n tg e n o lo g is t  to  th e  B o sto n  C h ild re n ’s H o sp ita l an d  
w ro te  h is first paper, o n  th e  d isease w h ich  n o w  b ears  his nam e. 
Fortunate ly  h is in te res t in radiology d w ind led  afte r th is— th e  p h a r
m acist subsequen tly  d ev e lo p ed  X-ray can ce rs  and  eventually  died, 
and  O sgood h im self dev e lo p ed  m any skin cancers , b u t several 
o p era tio n s p rev e n ted  a fatal ou tcom e.

A fter th is p a p e r  h e  w e n t to  England to  study  an d  w o rk ed  w ith  
R obert Jones. H e re tu rn e d  to  M assachusetts G eneral H ospital as an 
o r th o p a e d ic  su rgeon  an d  s tud ied  th e  v irology o f  polio , am ong 
o th e r  th ings. W ith  G old thw ait an d  P ain ter h e  w ro te  an o rth o p aed ic  
tex tbook .

He suffered  at o n e  tim e from  a te n n is  elbow. It d id  n o t im prove 
w ith  conservative  m easures so h e  w as stim ula ted  to  th in k  ab o u t its 
p ossib le  cause.

T hinking  it m ight b e  du e  to  a b u rsa  lying b e tw e en  th e  m uscles 
and th e  rad iohum eral joint, h e  w e n t to  th e  anatom y d ep a rtm en t 
w h e re  h e  found  such  a b u rsa  in a cadaver. He had  his o w n  elbow  
ex p lo red  u n d e r  local an esth e tic  an d  a b u rsa  w as excised . He never 
had  any tro u b le  again.

D uring  W orld W ar I h e  w e n t to  F rance w ith  H arvey C ushing 
and  la te r w o rk ed  at h ea d q u a rte rs  in  London w ith  R obert Jones, 
w h o  w as d irec ting  th e  o rth o p ae d ic  w ar effort.

LESIONS OF THE TIBIAL TUBERCLE 
OCCURRING DURING ADOLESCENCE

ROBERT B. O SG O O D , 1903

“Fractures of the tubercle o f the tibia have for many years 
been recognized and have been considered almost as curiosities. 
The reported cases are nearly all those of fracture and marked 
separation, and are undoubtedly rare. There are, however, other
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lesions representing less severe forms of injury to the tubercle. 
These are interesting because they have apparently been seldom 
recognized and because of their comparatively frequent occur
rence; because of the old difficulty of diagnosis and our present 
simple and accurate means; and because of their relation to the 
development of the tubercle.

“The tubercle of the tibia develops ordinarily from the upper 
epiphysis of the tibia by the ossification of a tongue-like process 
extending downwards over the anterior surface of the diaphysis.

“To the tip of a tongue-like process of bone, or to a separate 
bone center, is attached the tendon of one of the most powerful 
muscle groups in the body. This tongue or bone center is at the 
age at which the lesions occur separated from the strong shaft of 
bone by a layer of cartilage, and the first strain of the contraction 
of the quadriceps transmitted by the patella tendon comes on the 
tibial tubercle.

“D issection. In a ktiee the skin and subcutaneous tissues 
were dissected back. The dissection was then carried upwards 
and the quadriceps muscle isolated. Traction upon this extended 
the knee, and the strain appeared to be taken first by the patella 
tendon, almost immediately followed by a tightening of these 
bands of accessory tendons.

“With a chisel, the tibial tubercle was then fractured, leaving 
the patella tendon still attached to it.

“The conditions were now analogous to a complete fracture 
of the tubercle, and a detachment of the patella tendon from its 
point of pull.

“The knee was flexed, and barely a quarter of an inch 
separation of the tubercle from its original situation occurred. 
The tubercle was then replaced and held loosely in position. By 
traction on the isolated quadriceps it was found that the knee 
could be practically fully extended without any difficulty, and 
that about one fourth of an inch displacement of the tubercle 
occurred. The first pull was transmitted mainly to the patella 
tendon and tubercle, and when that had yielded barely one 
fourth of an inch, it was adequately taken by the lateral expan
sions of the tendon of the quadriceps. The dissection made evi
dent the strength of these expansions and their ability to act as 
tendons of insertion with a detached patella tendon, and also 
the fact that the knee could readily be extended with the attach
ment of the patella tendon gone.

“We now come to lesions of the tubercle occurring during 
adolescence. These consist in a solution of continuity between 
the tubercle and the tibial shaft. They vary in severity from  a 
complete avulsion of the tubercle to a slight separation of the 
epiphysis.

“Separa tion  o f  a  fragm en t. It ivould seem from the experi
mental dissections that the first pull in a violent contraction of 
the quadriceps extensor comes on the fibres of the patella tendon, 
and is then taken also by the lateral expansions of the tendon of 
the quadriceps. In the complete avulsions and fractures, as stated 
above, we must suppose these accessory tendons to be torn from  
their attachments together with the tubercle and the patella tendon.
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“It is possible, however, to have a partial separation of the 
tubercle and the interference with normal function be so slight 
that the condition is often unrecognized and the diagnosis made 
of a bursitis or a periostitis, or even a jo in t fringe.

“(1 )  Clinical P icture. These lesions occur in boys at or 
shortly after the age of puberty, when the epiphyseal growth is 
most rapid and a layer of cartilage intervenes between the epiph
ysis and the tibial shaft. In eight of the ten cases collected the 
boys were between fourteen and fifteen years of age; one was 
thirteen and the other sixteen. The boys were all active, athletic 
and well-developed muscularly. The histories and clinical pictures 
are very similar....

“In the gymnasium, in running, in a football game, or in 
some athletic sport, the knee is ‘strained’. This so-called strain is 
usually found on questioning to have been caused by the sudden 
violent extension of the leg; namely, by the strong contraction of 
the quadriceps. More rarely there is associated a fall on the flexed 
knee which would, of course, bring a sudden involuntary strain 
on the patella tendon, associated with trauma.

“At the time of the injury there is felt acute pain in the knee 
referred to below the patella. There is often slight swelling, either 
general, or pretty definitely localised over the region of the tuber
cle. There is distinct tenderness at this point. The ability to use 
the leg is only slightly diminished, and the acute pain is soon 
replaced by a feeling of weakness on strong exertion. Sharp pain 
is present on violent extension or extreme flexion of the leg, and 
the patient usually consults the surgeon because of this pain, 
the annoying weakness and the continued localised swelling or 
tenderness.

“The condition presents no complete loss of function, but a 
severe handicap to the active, athletic life which this class of 
patients wish to lead.

“Ordinarily treatment directed toward lessening the pull of 
the patella tendon and restricting motion is adequate for the 
relief of the symptoms. . . .

“(4 )  P rognosis. The prognosis with treatment has been 
uniformly good as to relief of pain and restoration of function.”

yVntcrior C ruciate Ligament

TIMELINE OF ANTERIOR CRUCIATE LIGAMENT
170 Galen described the presence of the ligaments.

1850 Stark—rupture described—treated with a brace
1900 Battle: first surgical repair described
1903 Mayo Robertson reports an 8-year follow-up of a direct repair 

of both cruciates. The patient continued to work in a mine.
1913 Goetjes describes five patients he treated by direct repair.
1917 Hey Groves’ first article decribes using tensor fascia lata 

threaded through a tunnel in the tibia to replace the anterior 
cruciate ligament.
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1918 Alwyn Smith reviews the subject and announces the first 
failure with a synthetic graft.

1936 Willis Campbell describes the terrible triad and uses patellar 
tendon as a graft.

1950 O’Donaghue points out the frequency and importance of this 
injury in college athletes.

1972 Pivot shift test of Galway and Macintosh 
1976 John Lachman: test for cruciate instability

D avid  M acintosh

This T oron to  o r th o p a e d ic  su rgeon  w as an e x p e r t o n  th e  in 
ju red  k n ee  befo re  a r th ro sc o p y  an d  m agnetic  reso n an ce  im aging. 
He inven ted  th e  “o ver th e  to p ” rep a ir  an d  d esc rib ed  th e  p ivo t shift 
te s t w ith  R obert Galway, w h o  tra ined  w ith  him , in  1972.

THE LATERAL PIVOT SHIFT: A SYMPTOM 
AND SIGN OF ANTERIOR CRUCIATE 

LIGAMENT INSTABILITY
H. R. GALWAY AND D. L. M ACINTOSH, 1980

“The pivot shift is both a clinical phenomenon that gives rise 
to the complaint o f giving way, and a physical sign that can be 
elicited upon examination of the injured knee.

“The pivot shift is characterised by anterior subluxation of 
the lateral tibial plateau on the femoral condyle as the knee 
approaches extension, and the spontaneous reduction of the sub
luxation during flexion.

“We would like to state unequivocally that the sine qua non 
of the lateral pivot shift phenomenon is a torn anterior cruciate 
ligament.

The P ivo t Shift Test

“The leg is picked up at the ankle with one of the examiner’s 
hands, and if the patient is holding the leg in extension, the knee 
is flexed by placing the heel of the other hand behind the fibula 
over the lateral head of the gastrocnemius. It is essential that the 
patient be completely relaxed. If relaxation cannot be obtained, 
then examination with the patient under anesthesia is justified 
when there is a high index of suspicion of an occult tear of the 
anterior cruciate ligament.

“As the knee is extended, the tibia is supported on the lateral 
side with a slight valgus strain applied to it. The femur falls 
backwards, as the knee approaches extension, and the tibial 
plateau subluxes forward. In fact, this subluxation can be slightly 
increased by subtly internally rotating the tibia, with the hand 
that is cradling the foot and ankle. A strong valgus force is placed 
on the knee by the upper hand. This impinges the subluxed tibial 
plateau against the lateral femoral condyle, jamm ing the 2 jo in t 
surfaces together, preventing easy reduction as the tibia is flexed 
on the femur. At approximately 30° of flexion, and occasionally
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more, the displaced tibial plateau will suddenly reduce in a 
dramatic fashion. At this point, the patient will jum p and ex
claim, ‘That’s it!’

“The authors are able to reproduce a pivot shift test in the 
presence of anterior cruciate insufficiency in almost all instances. 
This holds true not only for the knee with chronic anterior 
cruciate insufficiency, but even more so for knees with acute 
injury. In fact, the authors now place more reliance on the pivot 
shift test in diagnosing acute anterior cruciate ligament injuries 
than they do on the drawer test and other tests of anterior 
cruciate laxity.”

REPAIR OF THE CRUCIATE LIGAMENTS
BATTLE, 1898

“The patient, a married woman aged 50, was admitted to St 
Thomas’s Hospital on fuly 23, 1898, and left on October 8 of that 
year. She was admitted for an injury to the right knee sustained 
during an attempt to enter a train in motion. . . . There was a 
curious appearance of the limb . . . complete rupture of the 
internal ligam ent. . . the crucial ligaments were ruptured.”

[It w as irreducib le.]
“On August 5 a free incision was made across the front of 

the jo in t dividing the ligamentum patellae, and the interior of the 
jo in t exposed. [An an te rio r  b and  w as d iv ided  to  allow  reduction]
. . . The crucial ligaments came into view: the anterior one had 
been torn away from its attachment to the femur, leaving suffi
cient ligamentous structure attached to admit of sutures being 
inserted; the posterior was not completely torn off. Silk sutures 
were passed to restore these ligaments, and afterwards the inter
nal lateral ligaments and the ligamentum patellae were sutured 
also with silk.

“Recovery was for a time retarded by suppuration in the 
inner side of the wound, but it remained localised.

“The knee is apparently normal as regards its ligaments, can 
be flexed to a right angle, and the patient walks well.”

RECONSTRUCTION OF THE CRUCIATE 
LIGAMENTS

E. W. HEY GROVES, 1920

“In all my cases the ligaments have been so destroyed, or 
torn out of their bony attachments, that direct suture would have 
been utterly impossible.

“In 1917 I first operated upon this condition, using the 
iliotibial band to replace the lost anterior crucial.

“A natom y an d  P h ysio logy

“It is especially necessary to emphasize the obliquity of both 
crucial ligaments in the sagittal plane, because it is this obliquity 
which gives them their most important function, viz., the check
ing of forward displacement of the tibia by the anterior, and of 

♦ Hey Groves backward displacement by the posterior, ligament. There is no
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Hey Groves: Repair of the anterior cruciate ligament, 1920.

other structure in the knee-joint which serves as a check to this 
forward or backward displacement. The lateral ligaments have a 
vertical direction, and will, in the absence of the crucials, allow 
of the tibia being displaced forwards or backwards.

The importance o f recognizing the check rein action of the 
crucial ligaments as being dependent upon their oblique direc
tion, has a definite relationship to the operation proposed for 
their repair. Any new ligament which is used to replace them 
should be given this oblique direction, even in exaggerated de
gree. ...

“Sym ptom s o f  A n terior C rucial In jury

“On passive manipulation, the head of the tibia can be 
moved forwards on the femur. In active exercise, when the foot is 
pu t forward and the weight of the body pressed on the leg, then

D

Hey Groves: Drawings constructed 
by the superimposition of two X-ray 
films, showing the extent of forward 
displacement of the tibia that is pos
sible w hen the anterior cruciate liga
m ent is missing, 1920.

Repair of the anterior cruciate ligament.
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the tibia slips forwards. Sometimes this forward slipping occurs 
abruptly with a jerk: often it is under the patient’s control. This 
man could walk deliberately quite well, but if  he hurried or 
forgot to control his knee, the subluxation would suddenly occur, 
giving him a sense of insecurity, or actually throwing him down.

“Sym ptom s o f  P o s te r io r  C rucial In jury

“On passive manipulation, the head of the tibia can be 
displaced backwards on the femur. On walking, a t the end of the 
step when the leg is just about to be raised from the ground, the 
posterior displacement occurs.”

[The o p era tio n  w as d o n e  th ro u g h  a large U -shaped incision. 
T he tibial tu b e rc le  w as taken  off an d  tu rn e d  up. T he te n so r  w as 
passed  th ro u g h  drill ho les as sh o w n  in th e  illustrations. After 
o p era tio n  a cast w as u sed  fo r 6 w eek s an d  th e n  a cast b race. He 
cou ld  only give a few  resu lts b ecau se  th ese  w ere  m ilitary patien ts.]

“Of the 14 cases operated upon, none were made worse by 
the operation: 4 cases showed no benefit; 4 were benefited to 
some degree; 4 were cured to such an extent that the men could 
return to active service . . .  2  were only operated on 6 months 
ago . . .”

♦ Willis C. Campbell

W illis  C. Cam pbell (1880-1941)

C am pbell w e n t to  M em phis as a p ed ia tric ian /an es th e tis t and  
c o u ld n ’t m ake a go o f  it, so h e  left an d  stud ied  o rthopaed ics . In 
1911 h e  fo u n d ed  th e  U niversity  D ep a rtm en t at M em phis, T ennes
see, an d  th e  C am pbell Clinic, M em phis, in  1921. He w as successful 
in  m any ways. In  1939 th e  first ed ition  o f  Operative Orthopaedics 
w as pub lished , w h ich  has rem ained  th e  n u m b e r on e  re fe ren ce  for 
o rth o p ae d ic  su rgeons a round  th e  w orld .

T he w riting  style has b ee n  o n e  o f  th e  m any reasons fo r its 
success. O perative d esc rip tio n s  are w ritte n  in  th e  active voice: 
Begin the incision 2 inches proxim al . . . , in stead  o f  The incision 
should be made . . .  o r  Smith recommended th a t . . . .

REPAIR OF LIGAMENTS OF THE KNEE 

W ILLIS C. CAMPBELL, 1936

“When there is a rupture of a ligament or undue relaxation 
following partial rupture, there is in most instances displacement 
or fracture of one of the cartilages. Impairment of the anterior 
crucial and mesial ligaments is associated with injuries of the 
internal cartilage, while impairment of the posterior crucial and 
lateral ligament is associated with injuries of the external semilu
nar cartilage.”

He rep laced  th e  an te rio r  c ru c ia te  ligam ent w ith  a s tr ip  o f 
q u ad ric ep s /p a te lla r  tendon .
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D on O ’Donaghue (1901-)

He w as b o rn  and  s tu d ied  in  Iow a, befo re  m oving from  jun io r 
resid en t to  cha irm an  o f  th e  d e p a r tm e n t o f O rth o p aed ics  in  O kla
hom a. He w ro te  a b o o k  o n  sp o rts  in ju ries and  played  a b ig  ro le  in 
m aking sp o rts  m ed ic ine  an a c ce p te d  specialty. H e p u t an  e n d  to  
th e  p rac tice  o f leaving sp o rts  in ju ries to  th e  tra inees fo r care. 
L ipm ann Kessel w as a tra in ee  at th e  Royal N ational O rth o p aed ic  
H ospital in  L ondon w h e n  h e  w as to ld  th a t h e  w as in  charge o f  th e  
M edical Services fo r th e  1948 O lym pic G am es.

“For many years the author has had the privilege of at
tending to the major injuries of a large number of athletes, not 
only of college, but also of high school age. None are so pleasant 
to treat and so eager to get back to the fray as these students. It 
is a problem to keep them from recovering too soon for their 
own good.

“Only one goal is permissible in the care o f the young 
athlete—namely, complete recovery: for if the recovery is not 
complete, the patient is no longer an athlete.

“One particular injury which apparently has not received 
excellent, or even very good, treatment throughout the years is 
that injury caused primarily by abduction and external rotation 
of the tibia on the femur, with that unhappy triad (1) rupture of 
the medial collateral ligament, (2) damage to the medial menis
cus, and (3) rupture of the anterior cruciate ligament.”

He ob se rv ed  th a t im m edia te  d iagnosis w as easie r th an  late 
d iagnosis and  allow ed rep a ir  o f all s tru c tu re s  ra th e r  th an  rec o n 
struction .

“The habit of seeing Saturday’s injuries on Monday is not 
conducive to early diagnosis and prompt definitive treatment.

“Surgery should not be reserved for those cases in which 
conservative treatment has failed.

THE TERRIBLE TRIAD
DON O 'D O N A G H U E, 1950
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Loose Bodies

1558 Pare removes a loose body from the knee of Jean Bourlier. 
1867 Brodhust reports on 36 arthrotomies for loose bodies. 
1888 Konig describes osteochondritis dissecans.

Bejiom ity

Rickets affected the majority of children until food was supple
mented w ith vitamin D in the 1920s. Knockknee and bowleg were 
m uch com moner then than now. Furthermore, spontaneous recov
ery was not to be expected as it is today in children. Many children 
required osteotomy.
1853 Mayer: osteotomy for knockknee
1878 Macewen: in 7 years he performed 1800 osteotomies.
1937 Blount popularizes tibia vara.
1952 Langenskiold classifies tibia vara.

W alter B lount

His m o th e r  w as a physic ian  and  su rgeon  and his fa the r a 
sc ien ce  teacher. H e s tu d ied  at th e  U niversity  o f  Illinois and  in 
W isconsin  and  E urope. He w ro te  a travelogue in  th e  Jo u rn a l o f 
Bone and  Jo in t Surgery in  April, 1929. He becam e w idely  know n  
for h is skills and  w as p res id e n t o f  th e  A m erican  A cadem y o f O rth o 
p aed ic  Surgery in  1956.

He w as w ell k n o w n  for a n u m b e r  o f  im p o rta n t developm ents. 
In  1937 h e  co in ed  th e  nam e tib ia  vara, w h ic h  m any su rgeons call 
B loun t’s disease. T he M ilw aukee b race  w as dev ised  by Dr. B lount 
and  Dr. A lbert Schm idt in  1945; it w as th e  su b jec t o f  a p a p e r  in 
1958 and  a b o o k  in  1973.

B lount d ev e lo p ed  h ip  o s teo to m ies an d  w ro te , “Don’t throw 
away the cane," ab o u t th e  m echan ics  o f  th e  h ip . In  1949 h e  
d esc rib ed  ep iphysea l stap ling  to  ach ieve leg len g th  equality. A big 
claim  to  fam e w as a b o o k  o n  frac tu res  in ch ild ren  pu b lish ed  in 
1954. He w as a charm ing  p erso n .

TIBIA VARA
W. P. BLOUNT, 1937

“1. Thirteen new cases; and fifteen from the literature illus
trate the occurrence of an osteochondrosis similar to coxa plana 
and Madelung’s deformity, but located at the medial side of the 

♦ Walter Blount proximal tibial epiphysis.
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2. The resulting abrupt angulation into varus with back- 
knee and internal rotation of the leg is usually confused with 
rickets.

3- The roentgenographic and pathological changes are like 
those of coxa plana and similar to those of chondrodysplasia, 
but quite different from those of rickets.

4. The changes may appear in the first year or two of life 
(infantile type) as a developmental exaggeration of the normal, 
with sloping epiphysis and beaklike metaphysis.

5. A similar deformity may occur just before puberty (ado
lescent type), secondary probably to local trauma or possibly to 
infection.

6. The age at which the deformity is observed is more im
portant than the causative factor in determining the roentgeno
graphic appearance.

7. The roentgenographic findings of the infantile type gradu
ally change to those o f the adolescent, so that the two can be 
distinguished later only by the history.

8. Treatment should be directed toward the mechanical re
lief of strain until the deformity is stationary or until the epiphy
sis is closed.

9. A simple osteotomy is desirable in the correction of 
marked deformity. If it is done before the amount o f angulation 
has become stationary, some degree of recurrence may be antici
pated.”

yWtK»*itis o f  tKe K w cc

OSTEOARTHRITIS
I860 Verneuil begins about 100 years of largely unsuccessful inter

position arthroplasty—newcomers to the field pinned their 
hopes on different materials.

1890 Themistocles Gluck: knee replacement (for infection)
1900 Mignon: synovectomy for posttraumatic arthritis
1925 Lexer achieves some impressive results w ith joint transplanta

tion.
1932 Key invented the idea of compression arthrodesis to secure a 

certain fusion. Arthrodesis had been attem pted since the days 
of White, almost a century before.

1941 Magnusson: debridement
1949 McKeever: patella prosthesis
1950 Majoni D’lntignano: acrylic hinge knee prosthesis
1953 Shiers: metal hinge prosthesis
1954 Moeys in Germany puts a hinge into a dog.
1957 Walldius hinge in acrylic, which he changed to vitallium in 

1958
1958 Waugh realignment osteotomy. Much later Waugh wrote a 

wonderful biography of Charnley and a history of the British 
Orthopaedic Association.

1966 Macintosh: tibial plateau prosthesis
1971 Gunston: polycentric knee replacement
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R esurfacing w ith  all k inds o f  m ateria ls had  b ee n  u sed  for th e  
a rth ritic  k n ee  w ith  little success. Lexer w ro te  a w h o le  bo o k  in 
1917 o n  free  tran sp lan ta tio n  o f  join ts, and  h e  w as especially  p ro u d  
o f  h is knee  results. A rthrodesis had  b ee n  th e  only reliable trea tm en t 
fo r p a in — b u t th e  p ric e  w as a k n ee  th a t w o u ld n ’t bend . Shiers 
w ro te  from  Tilbury, England, ab o u t th e  first h inge p ro sth es is  for 
th e  knee . T he Shiers w as nev e r sa tisfatory— th e  long  stem s broke, 
it cam e apart, an d  th e  load-bearing surfaces w ere  so sm all th a t th e  
p ro sth es is  se ttled  in to  th e  bone . Its faults m ade it th e  b es t possib le  
s ta rt fo r a n ew  generation  o f  designs. H em iarth rop lasty  w as b e tte r  
th a n  no th ing . C harn ley  w as to o  busy  w ith  th e  h ip  to  th in k  abou t 
th e  k nee . T h en  Frank G unston , a C anadian  w h o  w as w ork ing  w ith  
him , sta rted  to  design  k n ees and  m ade th e m  in h is h o m e w orkshop . 
From  th is beg inn ing  cam e a w h o le  industry.

ARTHROPLASTY OF THE KNEE
L. G. P. SHIERS, 1954

“Indications fo r  operation. It is merely suggested that if 
arthrodesis of the knee is contemplated for instability due to 
injury, or for pain from osteoarthritis, this method be given 
a trial.”

He d esc rib ed  fou r cases. T h e  first fo rm ed  “a solid bony  coffin” 
a ro u n d  th e  p rosthes is . T he o th e rs  w e re  good  at 9 years an d  3 years 
an d  3 m onths.

“If conclusions are to be of any value they must be definite, 
and one cannot draw definite conclusions from less than, say, 
fifty cases followed up for at least five years. However, few  sur
geons will ever see fifty patients requiring arthroplasty of the 
knee, let alone operate on them, even in five years.”

R eferences

Chapter references are located in Chapter 26.
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The SHowldei*

Fo r years th e  sh o u ld e r w as th e  fo rg o tten  joint. E rnest C odm an 
w as o n e  o f  th e  first to  sta rt a sh o u ld e r serv ice  and devo te  a 

b o o k  to  th e  sub ject. H ow ever, h e  confessed  h is in te re s t in  th e  
sh o u ld e r only  in  m iddle age. “7 feared that if I  wrote a book on 
this subject, my friends (competitors) would specialize me. It is 
far more interesting when you get up in the morning to realize 
that today you may remove a gall bladder, a stomach or colon, 
or do a circumcision in a millionaire’s family, than it is to know 
that you will painstakingly do a fussy little shoulder operation 
ju st like the one you had done the day before, and the day before 
that, and the day before that!'

Famous "People

Winston Churchill had  a re c u rre n t d isloca tion  o f  th e  shou l
der. T he first d isloca tion  p u t an  en d  to  h is po lo  playing as a cavalry 
officer in  Bombay. P erhaps w ith o u t th is  h e  w o u ld  nev e r have 
en te red  politics.

The Birth of Wilhelm II of Germany. He w as th e  g randson  
o f  Q u een  V ictoria. H e w as found  to  b e  in a b ree ch  p re se n ta tio n  at 
th e  last m inu te , and  th e  left arm  w as tra p p e d  b eh in d  th e  head. It 
cou ld  n o t b e  h o o k ed  d o w n  and  th e  h ea d  co u ld  n o t b e  delivered . 
T he o b ste tric ian  p u lled  w ith  all h is s tre n g th — th e re  w as a crack. 
T he arm  cam e d o w n  an d  baby  w as delivered , scarcely  b rea th ing , 
and  w as resusc ita ted .

Only la te r w as it realized  th a t th e re  w as a b rachial p lex u s palsy 
in  add ition  to  th e  fracture.

Many exercising machines were de
veloped. This is Beely’s design, in 
Joachimstal G (ed ). Handbuch der 
Orthopaedischen Chirurgie. Jena: G 
Fischer, 1905.
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TIMELINE
Acute and Recurrent Dislocation

400 b c Hippocrates: recurrent dislocation of the shoulder
1839 Astley Cooper describes posterior dislocation.
1861 Flower: bone defect in head
1870 Kocher reduction
1923 Bankart repair
1940 Hill-Sachs lesion
1948 Osmond Clarke: Putti-Platt repair

Ruptured Tendons
1911 Codman: rotator cuff tear 
1931 Codman’s book, The Shoulder

A rthroscopy
1972 Wiley and Older in Toronto started to use the 

arthroscope on cadavers and then on patients, 
particularly to distend the joint in frozen shoulder.

1978 Watanabe describes anterior and posterior portals.
1980 Widespread interest

Brachial Plexus Palsy

1768 Smellie: birth palsy
1872 Duchenne: brachial plexus palsy
1873 Erb: upper brachial palsy
1885 Dejerine-Klumpke: lower brachial palsy
1916 Sever: experimental brachial plexus palsy
1934 L’Episcopo transfer

High Scapula
1863 Eulenberg describes high scapula
1880- 1883 Willett and Walsham described it at autopsy in an 

adult and later excised the omovertebral bone in a 
child. At the meeting it was thought that the excised 
bone was an analogue of a bone occurring normally in 
the skate. “Mr. Willett introduced the child to the no
tice of the fellows. She now had little difficulty in lift
ing both arms straight above her head, and the left 
scapula was movable with tolerable freedom. Before 
the operation it was fixed, and the elbow could not be 
raised nearly as high as the shoulderf

1891 Sprengel has his name attached to high scapula.
1908 Putti repair
1957 Green repair
1961 Woodward repair

Replacement
1894 Pean shoulder replacement
1955 Neer prosthesis: “The late results of 20 unimpacted

fracture dislocations treated by reduction, excision of 
the head, or arthrodesis were found to be unsatisfac
tory. Replacement by a prosthesis presented a logical 
solution.”

1973 Kessel total shoulder prosthesis
♦ Charles S. Neer, Contemporary
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Neer’s prosthesis, 1955. From Neer CS: Articular replacem ent for the humeral head. 
J Bone Jt Surg Am 1955, 37A, 217, Fig. 2A and B. Used w ith permission.

O nginal P ap ers

HIPPOCRATES ON RECURRENT 
DISLOCATION OF THE SHOULDER

“Those who are subject to frequent dislocations at the shoul
der joint, are for the most part competent to effect reduction 
themselves; for having introduced the knuckles of the other hand 
into the armpit, they force the jo in t upwards, and bring the 
elbow towards the breast.

“It deserves to be known how a shoulder which is subject to 
frequent dislocations should be treated. For many persons, owing 
to this accident, have been obliged to abandon gymnastic exer
cises, though otherwise well qualified for therein; and from the 
same misfortune have become inept in warlike practices and 
have thus perished. And this subject deserves to be noticed be
cause I have never known any physician treat the case properly. 
For many physicians have burned the shoulder subject to disloca
tion at the top of the shoulder, at the anterior p a r t . . .  and a little 
behind the top of the shoulder: these burnings, if  the dislocations 
of the arm were upwards, or forwards, or backwards would 
have been properly performed; but now when the dislocation is 
downwards, they promote rather than prevent dislocations, for 
they shut out the head o f the humerus from  the free space above.

“The cautery should be applied thus: taking hold of the skin 
of the armpit, it is drawn into the line in which the head of the 
humerus is dislocated, and then the skin thus drawn aside is to 
be burnt to the opposite side. The burnings should be performed 
with irons.. . .  When you have burnt through, it will be sufficient 
in most cases to make eschars only in the lower part, but if  there 
is a considerable piece of skin between the holes, a thin spatula 
may be passed through the holes and the skin is let go. Then 
between the two eschars you should form another eschar with a 
slender iron, and burn through until you come in contact with 
the spatula.
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♦  Blundell Bankart (1898-1951)

Bankart was the first registrar at the 
Royal National Orthopaedic Hospi
tal, London, England and remained 
there and at the Middlesex Hospital 
in London all his life. He believed 
that operating was the best part of 
orthopaedics. He died after op
erating all day, finding his car tire 
had a puncture, changing the tire, 
and driving home.

“The following directions will enable you to determine how 
much skin of the armpit should be grasped—all men have glands 
in the armpit. The glands should not be taken hold of nor the 
parts internal to the glands; for this would be attended with great 
danger as they are adjacent to the most important nerves. But 
the greater part of the substances external to the glands are to 
be grasped, for there is no danger from them. You should only 
raise the arm a little and grasp a large quantity of skin. The 
nerves which you ought to guard against are left within and at 
a distance from the operation.

“When the sores have become clean and are going on to 
cicatrisation, then by all means the arm is bound to the side 
night and day, and even when the ulcers are completely healed 
the arm must still be bound to the side for a long time; for thus 
more especially will cicatrisation take place, and the wide space 
into which the humerus used to escape will be contracted.”

THE BANKART LESION

1923

“The head of the humerus is forced out of the joint, not by 
leverage, but by a direct drive from behind. In its passage for
wards the head shears off the fibrous capsule of the jo in t from  
its attachment to the fibro-cartilaginous glenoid ligament. The 
detachment occurs over practically the whole of the anterior half 
of the glenoid rim. The reason why the dislocation occurs is that, 
whereas a rent in the fibrous capsule heals rapidly and soundly, 
there is no tendency whatsoever for the detached capsule to unite 
spontaneously with the flbrocartilage. The defect in the jo in t is 
therefore permanent, and the head of the humerus is free to 
move forwards over the anterior rim of the glenoid cavity on the 
slightest provocation.”

B p a c K i a l  P l e x u s  J w jw p ic s

T he o b ste tric ian s are said to  have b ee n  th e  first to  observe 
th ese  in juries, th o u g h  I have b ee n  unab le  to  locate  Sm ellie’s ac
c o u n t am ong  th e  h u n d red s  o f  case re p o rts  th a t h e  published .

D u ch en n e  o f B oulogne in tro d u c ed  th e  sub jec t o f  obste trica l 
palsies in  1855, an d  22 years la te r Erb beg an  to  lo ca te  th e  site o f 
th e  lesion  by  studying  th e  p a tte rn  o f  paralysis. K lum pke th e n  
d istingu ished  th e  d ifferen t varie ties o f  paralysis th a t co u ld  occur, 
b ring ing  anim al e x p e rim en ts  to  su p p o rt h e r  ideas o f  th e  m echa
nism  o f som e o f  th e  features.

It is in te restin g  th a t o f  th e  five cases Erb m arshals to  su p p o rt 
h is arg u m en t th a t brachial p lexus paralyses o ften  con fo rm  to  a 
p a tte rn , only o n e  w ou ld  today  b e  called  an Erb’s palsy. Tw o o f his 
pa tien ts  a p p e a r  to  have had  cerv ical spondy losis— on e w as a Pan
coast syndrom e, a n o th e r  is n o t clearly  o n e  th ing  o r  ano ther; only
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h is  last c a s e — in c lu d e d  a lm o st as an  a f te r th o u g h t— is an  E rb ’s 
palsy. It is rem a rk a b le  th a t  o n  th e  b asis  o f  th e se  m isce llan e o u s  
cases  h e  sh o u ld  h av e  ac c u ra te ly  lo ca lized  th e  s ite  o f  a g ro u p  o f  
b rac h ia l p le x u s  in ju rie s , w h ic h  ev e ry  m ed ica l s tu d e n t k n o w s as 
E rb ’s p o in t.

I guess th a t Erb w ro te  th is p a p e r  afte r read ing  th e  challenge 
th a t D u ch en n e  th re w  o u t 22 years befo re  w h en  h e  d esc rib ed  th is 
b ir th  injury. It exp la ins E rb’s ra th e r  o b tu se  title.

D u ch en n e  d esc rib ed  four cases o f  u p p e r  tru n k  b irth  palsies.

“In this kind of paralysis of the upper limb from obstetrical 
manipulations, the arm falls motionless along the side of the 
body, and is rotated inwards; the forearm remains extended, but 
the movements of the hand are preserved.

“I leave to others the study of the anatomical cause, and to 
say why in these cases the same muscles (deltoid, infraspinatus, 
biceps and brachialis) are always paralysed.”

CONCERNING AN UNUSUAL 
LOCALISATION OF BRACHIAL PLEXUS 

PARALYSES
W ILHELM ERB, 1877

“When reviewing the case histories of my material with 
reference to peripheral paralyses o f the upper extremity there was 
remarkable uniformity of the muscles affected by the paralysis. 
The paralysis was not exclusively localised to one of the main 
branches of the brachial plexus but to lesser branches with the 
exception o f the ulnar nerve. The paralyses o f the various 
branches of the brachial plexus are sufficiently known and their 
effects have been sufficiently studied; however this is not true of 
paralyses of the individual roots which form the brachial plexus 
(the anterior branches of the cervical nerves).

“It would be desirable to understand the localisation and 
effects of the various syndromes that can occur. It must be as
sumed that each root is always composed of the same motor and 
sensory fibres; then one is in a position to determine the site of 
the lesion in one or other of the roots on the basis of the motor 
and sensory deficit.”

H e d esc rib es  fo u r cases to  d em o n stra te  this.

♦ CASE 1
"Konrad Sauer, 52 years old, a ropemaker. The condition had 
been present for 5 weeks after carrying a heavy load on his 
head. It began with pain and stiffness on the left side of the 
neck and of the left shoulder radiating down the arm to the 
fingers. At the same time a feeling of numbness affected the 
thumb and index fingers; there was such a degree of weakness 
of the arm that the patient could no longer lift it. On examina-

♦ Wilhelm Heinrich Erb (1840- 
1921)

"E rb 's  fa m e  was m a d e  p o s s ib le  b y  
h a rd  w o r k  o v e r  a l o n g  p e r i o d  o f  

t im e , w ith  c lo s e  a tten tion  to  d e ta il."
The son of a woodsman in the 

Black Forest, Erb studied at Heidel
berg. His interest in clinical neurol
ogy developed when he worked for 
Friedreich. Erb was a prolific writer; 
on returning from his holidays, he 
usually produced a nice piece of 
work. In all he wrote 237 papers 
and several books, one on periph
eral nerve diseases, a textbook of 
spinal cord disease, and another on 
electrotherapy. In 1880 he suc
ceeded Friedreich at Heidelberg. He 
founded a journal, and was first 
president of the Society of German 
Neurologists.

Erb did much to give clinical 
examination of the nervous system 
its present form. He pointed out the 
significance and value of pupillary 
and tendon reflexes. He is remem
bered for his account of brachial 
plexus injuries.

In manner he was brusque and 
intense, and offended people by lan
guage unusual in academic circles; 
he was more respected than loved. 
Medical administration, education, 
and local politics were subsidiary in
terests. He died, it is said, while lis
tening to his favorite symphony, the 
Beethoven Eroica.
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tion there was complete paralysis of the left deltoid, biceps, 
brachialis, and brachioradialis. The supinator also appeared 
much weakened. The remaining shoulder muscles, triceps, all 
the forearm muscles and all the small muscles of the hand 
were normal.

"The sense of touch of the thumb and index finger was 
slightly reduced. Electrical examination revealed an incom
plete reaction of degeneration. The muscles were slightly 
tender on palpation and atrophied during the course of the dis
ease.

"Treatment: The patient was treated by galvanism, and 
was discharged cured after 7 weeks. This case was evidently 
a traumatic neuritis of a part of the brachial plexus."

His se co n d  case dev e lo p ed  afte r a fall in  w h ich  th e  p a tie n t’s 
sh o u ld e r rece ived  a little o f  th e  im pact. T he neu ro log ic  deficit w as 
th e  sam e as th a t o f  th e  first case. “Satisfactory” im provem en t 
o c c u rre d  afte r six  m onths.

T he th ird  case w as o f  sp o n ta n eo u s  onset.
T he fo u rth  case p re se n te d  w ith  th e  sam e neuro log ic  deficit 

an d  h ard  supraclav icu lar glands. T he p a tien t d ied  soon  afterw ard  
from  carcinom atosis. T he fact th a t th e se  fo u r cases had  a sim ilar 
neu ro log ic  deficit led  h im  to  suggest th a t th e  lesion  w as at th e  
sam e p lace  in  all.

“It is probable that the lesion in the cases mentioned was 
localised to the fifth or sixth cervical roots or their anterior 
branches or at the junction of them both.”

He recalls th a t sim ilar cases are found  in th e  n ew b o rn , caused  
by  b ir th  injury, and  w ere  first d esc rib ed  by  D uchenne. B iceps, 
brachialis, delto id , and  som etim es in frasp inatus m uscles are para
lyzed. S econdary  co n tra c tu re s  develop , giving rise  to  a very  charac
te ris tic  defo rm ity  o f  th e  arm .

“I have myself observed a case in an infant which had been 
delivered two months before—after a version and subsequent 
extraction. I found the arm rather mobile, flaccid, and lay ex
tended by the side of the trunk, in a position of full internal 
rotation, the wrist and fingers were flexed and moved little. 
More precise observation, which is so difficult in infants, showed 
complete paralysis of the deltoid, biceps, brachialis, and possibly 
of brachio-radialis and infraspinatus. There was marked weak
ness of all the muscles innervated by the radial nerve. Finally 
there was a secondary contracture of the pectoralis major”

He th o u g h t th a t it w as m ost likely th a t th e  p lex u s w as com 
p ressed  du rin g  th is difficult delivery. T he lesion  m ust b e  h igh  up  
in th e  n ec k  in  th e  reg ion  o f  th e  scalene m uscles. He co n sid ered  the  
paralysis o f  th e  infrasp inatus an im p o rta n t clue to  th e  localization 
o f  th e  lesion  and  o n e  w h ich  shou ld  b e  carefully  looked  for in 
th e  fu ture .
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K lu m p ke’s Paralysis  

CONTRIBUTION TO THE STUDY OF 
RADICULAR PARALYSES OF THE BRACHIAL 

PLEXUS
1885

“The paralysis of the upper roots, generally known as Erb’s 
palsy, is certainly the best studied and most widely recognised of 
all the radicular paralyses of the brachial plexus.

“At other times, however, one has to deal with a total paraly
sis of the upper limb in which the group of muscles affected in 
the Duchenne-Erb paralysis recover leaving the whole o f the lower 
part of the arm paralysed: this is a paralysis of the lower roots 
of the brachial plexus.

“Then what constitutes this complete brachial plexus paraly
sis, which can remain the same or at a given moment can change 
into the upper type or become lower type? Like the upper palsy, 
it is produced by violent injury—a fall, after a blow on the 
shoulder, after a gunshot wound, or following reduction of a 
dislocated shoulder.

“Here the palsy affects the hand and forearm as well as the 
shoulder; it is flail; but while the sensory loss is slight or missing 
in the upper type, it is practically never absent in the combined 
or lower varieties. The anaesthesia is complete for the forearm  
and hand. In the majority of cases it extends for one or two 
finger-breadths above the elbow, limited there by a more or less 
irregular boundary. Occasionally it extends over the arm, but it 
is always the outer and posterior aspect up to the level of the 
deltoid insertion that are affected by this sensory disturbance. 
The skin of the inner aspect of the arm and that of the shoulder 
always remains unaffected, since the lesion is definitely limited 
to the brachial plexus. The sparing of the inner aspect of the arm  
is easily explained since it is innervated by the intercosto-brachial 
nerve and branches of the medial cutaneous nerve of the arm; 
the former takes its origin from perforating branches of the 
second and third intercostals and the latter receives anastomotic 
branches from the same source.

“Depending on the severity of the injury, the motor and 
sensory disturbances may be slight or may, on the other hand, 
be accompanied by the complications of serious injuries of the 
peripheral nerves: muscular atrophy, loss of electrical reactions, 
trophic changes, glossy skin, loss of sweating, cyanosis, increase 
or reduction of skin temperature, subcutaneous adiposity, fibrous 
ankylosis, etc., etc.

“There is another sign mentioned in all communications, a 
sign pathognomonic of lower root paralysis, a sign that is not 
found in complete plexus palsies which are to become the Du- 
chenne-Erb variety: this is the oculo-pupillary phenomenon.

“This sign, which is constant in all true lower root palsies, is 
characterised by myosis, narrowing of the palpebral fissure, and 
in some cases by the eyeball retracting and becoming smaller.

♦  Madame Auguste Dejerine- 
Klumpke (1859-1927)

Auguste Klumpke was one of the 
first woman doctors in Paris. While 
a student, she described the brachial 
palsy that bears her name. She must 
have eased the way for women who 
wished to follow her.

She was born in San Francisco, 
educated in Lausanne, and, with her 
sisters, arrived in Paris at the age 
of 18 determined to overcome the 
hostility that women who wished to 
study medicine met with at this time. 
Her sisters all achieved distinction; 
one as a musician, another as an 
artist, and the third as a Doctor of 
Science.

In her final year as a student 
she married Jules Dejerine, who 
later achieved fame as a neurologist 
at the Salpetriere. Auguste helped 
him with his study of neuroanatomy, 
and when he died in 1917 founded 
an institute to commemorate him 
and allow his work to go on.
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Furthermore in three cases one has noticed flattening of the 
cheek on the side corresponding with the paralysis."

ROTATOR CUFF TEAR
ERNEST CODM AN, 1934

‘‘Certain conditions, symptoms and signs which indicate 
complete rupture of the supraspinatus tendon and which should 
be present within twenty-four hours after the accident:

“(1) Occupation— labor.
(2) Age—over 40.
(3) No symptoms in shoulder prior to accident.
(4) Adequate injury—usually a fall.
(5) Immediate sharp, brief pain.
(6) Severe pain on following night.
(7) Loss of power in elevation of the arm.
(8) Negative X-ray.
(9) Little, if  any, restriction when stooping.

(10) Faulty scapulo-humeral rhythm.
(11) A tender point,
(12) a sulcus, and
(13) an eminence
(14) a t the insertion of the supraspinatus,
(15) which cause a jog,
(16) a wince and
(17) soft crepitus as the tuberosity
(18) disappears under the acromion when the arm is ele

vated, and usually also, as it reappears during the descent of 
the arm.

“Here are eighteen conditions to be fulfilled—an especially 
exacting syndrome. If such a syndrome is present I do feel that 
not only is exploration indicated but that it should be strongly 
urged, for immediate suture should be a simple and successful 
operation. Delay means retraction of the tendon and a much 
more serious problem.

“I have operated on 37 cases. Two out of every three were 
successful in that the results enabled the patients to return to 
work.

“In Massachusetts the cost in compensation for this disability 
in an individual case is as great as from any major injury. To 
the man incapacitated it is a major injury. One hundred such 
neglected cases cost us more than the entire gross income of the 
average doctor during his lifetime.”

R e f e r e n c e s

Chapter references are located in Chapter 26.
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♦ C h a p t e r  T w e n t y - f o u r

hospitals cmd the 
Oi'ganieation 
o f  Cane

Public hospitals had better be abandoned—the frequent occurrence in 
them of hospital gangrene has rendered them a scourge rather than a 
benefit to humanity. Poutreau, 1787

Hospitals w ere  originally  p laces fo r th e  p o o r  to  die. W hen  a 
p a tien t sh o w ed  signs o f  recovery  from  o n e  cond ition , an o th e r  

fatal co n d itio n  to o k  its p lace . If a p a tien t w as e x p e c te d  to  recover, 
th e  first s te p  w as to  leave th e  hosp ita l fo r h o m e and  h ire  a doctor. 
P eople u sed  to  go to  th e  hosp ita l a t th e  en d  o f a d isease— n o w  
th ey  go at th e  beg inn ing .

Som e hosp ita ls  w e re  relig ious in s titu tio n s— p e rh a p s  because  
m ed icine  w as a p riestly  fu n c tio n  at o n e  tim e— an d  th e y  aim ed 
at p rov id ing  p a tien ts  w ith  a good  dea th , m ean ing  th a t relig ious 
ob ligations w ere  fulfilled.

Som e hosp ita ls  w e re  h o m es fo r th e  elderly.
C h ild ren ’s hosp ita ls  g rew  o u t o f  foundling  h o sp ita ls—p laces 

w h ere  u n w an te d  ch ild ren  w ere  d u m p ed . T he first w as M ontpellier 
in  1181. Every city  cam e to  have a p lace  to  leave u n w an te d  
ch ildren , b u t th ese  p ro v id ed  such  bad  care  th a t m ost ch ild ren  died, 
crea ting  a m oral dilem m a. For exam ple , th e  Foundling H ospital in 
D ublin adm itted  12,786 ch ild ren  du rin g  th e  7-year span  1791-1797 . 
This w as ab o u t 2000 a year o r  ab o u t 5 a day for a sm all city. O f 
th ese  only  135 lived— 1%. An ed ito rial o f  th e  tim e suggested  th a t a 
b an n e r b e  h u n g  ov er th e  en tran ce : Children murdered here at the 
public expense.

Great Leaps Fo rw ard

T he hosp itals in 18th ce n tu ry  F rance w ere  te rrib le . T hey  w ere  
investigated  by Tenon. T he revelations in  his 1788 R ep o rt led th e  
R evolutionary  G overnm en t to  sta rt fund ing  ho sp ita ls— leading to  
th e  era o f  th e  g reat F rench  clinicians. T enon called hosp ita ls  “Ma
ch ines fo r H ealth.”

Florence Nightingale. She w as nam ed  afte r th e  Italian city  
o f h e r  b irth . She changed  hosp ita ls  fo rever in  th e  English-speaking 
w orld. ♦  Florence Nightingale

521
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Before her, n u rses  h ad  b ee n  u n d e r  relig ious o rd ers  looking 
afte r th e  poor, so  th e re  w as n o  m oney  to  p u t in to  nursing . St. 
V incen t de Paul and  St. Louise de M arillac founded  th e  Sisters o f 
C harity  in  1633, an d  th is w as a m odel for hospitals. Pastor T heo
d o re  F lie d n e r  s ta r te d  a D e a c o n e ss  S ch o o l— th e  P ro te s ta n t 
eq u iv a len t— o n  th e  Rhine, w h ich  F lorence N ightingale visited. It 
se rved  as h e r  insp ira tion . A bou t th e  sam e tim e E lizabeth Fry had  
c re a te d  th e  S isters o f  C harity  to  visit p riso n ers  in  1848 an d  la ter 
ch an g ed  th e  nam e to  N ursing Sisters to  avoid th e  religious c o n n e c 
tion. But to  th is day th e  h ead  n u rse  in  Britain is called Sister.

F lo rence N ightingale c leaned  hosp itals up . She gave th e  n u rs
ing  staff train ing  an d  status, b u t sh e  w as m ore  o f  an adm inistra tor 
th a n  a nu rse . She p ro m o te d  th e  h uge  w ard  w ith  m ore th an  th irty  
b ed s in  a single room ; it w as easie r fo r a  solo n u rse  to  see w h a t 
w as h a p p e n in g  everyw here , ven tila tion  w as im proved , an d  th e  cost 
o f  co n s tru c tio n  w as least. It is in te restin g  th a t she  d id  n o t believe 
in  co n tag io n  an d  w o u ld  have little to  d o  w ith  Lister. She founded  
h e r  schoo l o f  nu rsin g  in I860 . T he orig inal n u rse ’s un ifo rm  w as 
ch o sen  by th e  b oard  o f  d irec to rs  to  resem ble  th a t o f  a V ictorian 
d o m estic  servant. N o w o n d e r  N o rth  A m erican  n u rses  th re w  it out.

As hosp ita ls  b ecam e la rger and  b e tte r  o rganized  du ring  the  
h o s p ita l re v o lu tio n , th e  n u m b e r  in c re a se d  en o rm o u sly . In  th e  
U nited  States th e re  w ere  178 in  1872, m ore  th an  4000 in  1910, 
an d  n o w  th e re  are 7300  in  1997.

The O rig in  o f the O rthopaedic H ospital

THE CARE AND CURE OF 
CRIPPLE CHILDREN

By G. R. GIRDLESTONE, E.R.C.S.

l YEAR-BOOK OF HOSPITAL SCHOOLS AND OTHER 
INSTITUTIONS FOR CRIPPLE CHILDREN 
Compiled by Mrs. HEY GROVES

From Information supplied by the Institutions mentioned.

FO R E W O R D  
By SIR ROBERT JONES, K.B.E., C.B., F.R.C.S.

In the era after World War I there 
were attempts to provide orthopae
dic services to all. This was a suc
cessful schem e, d escribed  by Gir
d lestone , h e lp ed  by Mrs. Hey 
Groves.

W e have seen  th a t o rth o p ae d ic s  in its p re se n t fo rm  sta rted  
w ith  X-rays, anesthesia , an d  asep tic  su rgery  a little over a h u n d red  
years ago. Before th a t th e re  w ere  gym nasium -based cen te rs , such 
as V enel’s in  S w itzerland  in  1780, spa-based ce n te rs  th a t go back  
to  th e  earliest tim es, and  brac ing  estab lishm en ts such  as th e  Schott 
b ro th e rs  ran  fo r scoliosis in  th e  1650s, b u t n o n e  o f  th e se  w ere  
p laces for surgery. T hen  fo r th e  te rr ib le  50 years b e tw e e n  the  
inven tion  o f  anesthesia  an d  th e  inven tion  o f  asepsis, a bevy  o f 
o r th o p a e d ic  hosp itals w ere  fo u n d ed  in Europe. T here  w as a strong  
sp irit o f  e n tre p re n e u rsh ip  and  breakaw ay to  secularism .

T he arm y hosp ita ls  and  th e  refo rm s o f  h ea lth  care w ere  a la ter 
in fluence and  m odel. T he idea o f  huge o rth o p ae d ic  hosp itals in 
th e  c o u n try  cam e ab o u t because  tubercu lo sis  o f th e  b o n e  and  jo in t 
w as com m on . P atien ts w ere  iso la ted  as a p u b lic  h ea lth  m easure  in 
a sanatorium .

T he organ ization  o f  a separa te  o rth o p ae d ic  serv ice s ta rted  
ea rlie r in  th e  U nited  States b ecau se  general su rgeons w ere  less 
p o w erfu l and  th e re  w as a sp irit o f  ex p erim en ta tio n .

In  th e  U nited  K ingdom , G ird lestone and  Jo n es re tu rn e d  from  
th e  arm y in 1918 an d  se t u p  a m ilitary-style system  for o r th o p ae 
dics, using p e rip h e ra l clinics, follow -up nurses, and  a cen tra l un it 
w ith  a n o n p e rso n a l d o c to r  w h e re  th e  surgical w ork  w as done. This 
m odel focused  ev e ry o n e’s energy  and  brain  p o w e r  and led to
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m any advances in  o rth o p aed ics . But as o rth o p ae d ics  becam e m ore  
com plicated , th is m odel lacked  th e  advantages o f  in teg ration  and  
cross-fertilization from  a general hospital.

M edical In surance

In th e  days o f  H ippocra tes, and  th ro u g h  th e  first m illennium , 
do c to rs  w ere  paid  by  th e  m unic ipa lity  to  look  afte r th e  poor. 
M edieval guilds p ro v id ed  m u tua l aid o n  pay m en t o f  a subscrip tion , 
and  th e  p o o r  w ere  ca red  for by  th e  m onasteries. In Britain, H enry  
th e  Eighth abo lished  th e  m onasteries, an d  th e  g o v ern m en t la ter 
en ac ted  th e  P oor Law o f  1601, lead ing  to  a basic sta te  w elfare 
system  an d  h ea lth  service. A p rivate  system  o f  F riendly Societies 
an d  a charity  system  o f  vo lun ta ry  hosp ita ls  p ro v id ed  coverage for 
d ifferen t segm en ts o f  th e  popu la tion .

In E urope, th e re  w ere  m any local sickness fu n d s—fam ilies 
paid  fo r stam ps every  w ee k  an d  co u ld  see  th e  p an e l d o c to r— a 
fo re ru n n e r o f m anaged  care.

In th e  U nited  States, th e  first co m p u lso ry  p rep a id  m edical care 
p rog ram  w as sta rted  by th e  U nited  States C ongress in  1798 for 
m erch an t seam en  to  pay for th e  u p k e e p  o f  hosp itals. In  1847, T he 
M assachusetts H ealth  In su rance  C om pany w as fo rm ed , an d  Blue 
Cross had  its beg inn ings in  1929 at Baylor.

Funding w as th e  key  to  th e  ex p an sio n  o f o r th o p a e d ic  services. 
Bismarck, P russian  C hancellor, s ta rted  a w elfare system  fo r w o rk e rs  
in 1883, an d  th is sp read  th ro u g h  F riendly Societies to  th e  national 
p lans o f  today. B ism arck’s idea w as to  p rev e n t p o v erty  du e  to  
sickness— th is co n tra s te d  w ith  th e  pub lic  h ea lth  idea o f  p rev en tin g  
sickness du e  to  poverty. His p lan  paid  w o rk e rs  w h ile  th e y  w ere  
sick. Since th e  o b jec t w as to  rep lace  earn ings an d  to  p ro d u c e  a 
h ap p ie r  w orkforce , it w as n o t available to  th e  poor. O th e r  co u n tries  
follow ed: A ustria in  1888, H ungary  in  1891, N orw ay in  1909, Serbia 
in 1910, Britain in  1911, Russia in  1912, an d  la te r m any national 
system s o f  h ea lth  in su ran ce  w ere  in troduced .

In th e  U nited  States, m edical g ro u p s an d  business in te rests  
o p p o se d  these , p artly  b ecau se  o f  anti-G erm an feeling. O nly w h e n  
th e  m edical co sts  o f  sickness ex c ee d ed  th e  value o f  lost w ages in 
th e  1920s an d  1930s d id  in te rest w aken . P eople cam e to  be v iew ed  
as cap ita l—w o rth  m ore  w ell th an  sick o r  dead. H ealth  sp en d in g  
m ade eco n o m ic  sense.

Funding specially  a lloca ted  to  o rth o p ae d ic s  beg an  w ith  mili
ta ry  sp en d in g  in  W orld W ar I.

Evolution o f Q ualifications

T here  w as a n ee d  fo r qualifications in  th e  know ledge  business 
th a t d id  n o t ex ist in  th e  goods business. Buyers o f  a cha ir cou ld  
see w h e th e r  it w as w ell m ade by  look ing  at it, b u t b uyers  o f 
o rth o p ae d ic  in fo rm ation  w o u ld  learn  to o  la te  w h e th e r  it w as any 
good. H ence  o r th o p a e d ic  exam inations to  m easure  know ledge. 
M edical ed u ca tio n  w as very  variable un til th e  landm ark  re p o r t by
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F lexner in  1910. “For the past 25 years there has been an enor
mous over-production of uneducated and ill trained medical 
practitioners,” h e  w ro te . “This has been in absolute disregard of 
the public welfare and without any serious thought of the inter
ests of the public'.'

Many m ed ica l schoo ls w e re  sh u t dow n.

LOUIS BAUER LECTURES ON 
ORTHOPAEDIC SURGERY

NEW YORK, 1868

“The country abounds with quacks and pretenders, who 
victimize and fleece the community a t a fearful rate. There is 
no law to arrest their illegitimate invasion of the professional 
domain.”

TIMELINE OF QUALIFICATIONS
Roman times MD and licensing of doctors 
1743 Academy of Surgery in France—Francois La Peyronie 
1745 Royal College of Surgeons, London 
1934 American Boards 

1990s United Kingdom Boards

Professional O rganizations

T h e  19th  c e n tu ry  saw  a rise  in  th e  status, pow er, an d  w ea lth  
o f  d o c to rs . T hey  o rgan ized  an d  to o k  u p  technology. O rth o p aed ics  
w as sw ep t u p  in  th is  m ovem ent. O rth o p aed ic  soc ieties s ta rted , and  
m e m b ers  no  longer saw  them selves as general surgeons. They 
shared  know ledge , se t co m m o n  goals, an d  generally  im proved  th e  
p rognosis  o f  th e  p a tien t w ith  an o rth o p ae d ic  p roblem . W h en  a 
g ro u p  w ith  a specia l in te res t gets together, th e  m em b ers  p rov ide 
th e  critica l m ass to  p u sh  th e ir  su b jec t forw ard.

T h e  A m erican  O rth o p ae d ic  A ssociation b eg an  in  1887 an d  is 
th e  o ld est o r th o p a e d ic  soc ie ty  in  th e  w orld . It h ad  a res tric ted  
m em b ersh ip  b ecau se  m eetings w ere  held  in  th e  h o m e o f  the  
p resid en t. Subsequently, various traveling clubs m et, w ith  th e  idea 
o f seeing  fam ous clin ics at w ork . In 1931, Willis C am pbell th o u g h t 
th a t a g roup  fo r all o r th o p ae d ic  su rgeons w as n eed ed . T he A cad
em y w as founded  in  1933 an d  has gone from  stren g th  to  strength .

T he B ritish O rth o p ae d ic  Society w as fo u n d ed  in  1894 and  
flo u n d ered  4 years later. In  1918, th e  B ritish O rth o p aed ic  Associa
tio n  w as fo rm ed  w ith  p o s tw a r en thusiasm .

T he Italian Society began  in  1892, N etherlands in  1898, G er
m any in  1901, F rance in  1918, Scandinavia in  1919, Belgium  in 
1921, Sw itzerland in  1942— o n e o f  th e  last to  b reak  free from  
general surgery. This is su rp rising  b ecau se  th e  first o rth o p aed ic  
hosp ita l in  th e  w o rld  w as sta rted  in  Sw itzerland.

S u b sp ec ia lty  s o c ie t ie s — h e ra ld in g  th e  b re a k u p  o f  g e n e ra l 
o r th o p a e d ic s— beg an  w ith  th e  A m erican  Society fo r Surgery o f  th e
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H and in  1948, th e  H ip Society in  1968, and  m any o th e rs  ab o u t 
th is  tim e.

In form ed Consent

This is a re c e n t id e a— largely inven ted  by  law yers as a w ay  o f 
getting  ro u n d  th e  difficulty o f  successfully  p ro secu tin g  d o c to rs  for 
p o o r  w ork.

H ippocra tes  w ro te  n o th in g  ab o u t in fo rm ed  co n sen t. In th e  
M iddle Ages a d o c to r ’s job  w as to  give th e  p a tie n t h o p e , n o t to  
offer n e w  causes fo r w orry.

HENRI DE MONDEVILLE
13TH CENTURY

“Promise a cure to every patient, but tell the parents or 
friends if there is any dangerf

JOHN WOODALL
THE SURGEON'S MATE, 1617

A dvice to  a su rgeon  p rep a rin g  fo r an  am pu tation .
“Let first your patient to be well informed of the imminent 

danger of death, prescribe him no certainty of life and let the 
work be done of his own free will and request and not otherwise. 
Let him prepare his Soul as a ready sacrifice to the Lord by 
earnest prayers craving mercy and help unfainedly.. . .”

O bviously anesthesia  b ro u g h t ab o u t a change in  ideas ab o u t 
c o n se n t— th e re  m ust have b ee n  few  p a tien ts  w h o  w e re n ’t scream 
ing “s to p ” w h e n  th e y  w ere  having an  o p era tio n  w ith o u t an an e s th e
tic.

T he first case in  w h ic h  in fo rm ed  c o n sen t w as an  issue w as 
Slater vs. Drs. Baker an d  S tap le ton  in  1767. T he d o c to rs  w ere  
e x p e c te d  to  change th e  d ressing  o n  a partially  h ea led  fractu re  o f 
th e  leg. Instead  th e y  b ro k e  it and  rese t it.

In  1871, C a rp e n te r  vs. Blake, th e re  w as som e k ind  o f  u n o rth o 
d o x  trea tm e n t o f  a d isloca ted  elbow , an d  th e  d o c to r  w as held  
neg ligen t b ecau se  o f  lack o f  exp lanations.

AMERICAN LAW REPORTS
1932

“The general rule seems to have become well established that 
a surgeon must obtain consent.”

FREDRICK COTTON
1933

Dr. C o tto n  w as an  early advocate o f  a signed  w ritte n  co n sen t 
to  opera tion .

“Signature of a paper stating the kind of treatment proposed, 
the risks involved, the necessary limitations of success, even the
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chance of partial failure, seems to have no argument against it. 
Though rarely used it would seem as minimising the chance of 
honest misunderstanding."

T h e G ood  Sam aritan law  w as in tro d u c ed  in  th e  early 1960’s 
afte r a w o m an  w as left u n a tte n d e d  by several d o c to rs  o n  th e  ski 
slopes fo llow ing an  injury.

M edical Records and Outcom e Studies

R ecords s ta rted  as m e m o ry  aids to  gu ide day-to-day care  and 
th e n  b ecam e a w ay o f  allow ing  m u ltip le  p e o p le  to  co o p e ra te  in 
care. T hey  allow ed n e w  diseases to  b e  d o cu m en te d  and  w ere  th e  
basis o f  research . O ld  d o c to rs  p u b lish ed  th e ir  case books. R ecords 
w ere  a defense  against m alp ractice . Only recen tly  have standard 
ized  form s b ee n  d ev e lo p ed  to  b e  sure th a t th e  in fo rm ation  is 
co m p le te .

T h eo p h ras te  R enaudo t (1 5 8 4 -1 6 5 3 ) w as am ong th e  first to  
im p lem en t th is p ro  fo rm a in  1642. This little b ook le t w as designed  
to  le t th e  sick in  th e  c o u n try  get advice th ro u g h  th e  mail. They 
tick ed  off sym ptom s an d  m arked  diagram s to  sh o w  w h ere  it hu rt.

H ow  is th e  w o rk  o f  a d o c to r  o r  hosp ita l m easured? In th e  
early days an occasional success w as enough , an d  th is resu lted  in

Summary of Eleven Canes o f Secondary Excision o f the Head of the Femur fo r  Shot Injury.

' Brown, J., PL, I, 3d Mich
igan, age 38.

Tilllston, G. W., Pt., D, 1st 
Ohio Light Artillery, age

Frain, H., Pt., G, 31st Mas
sachusetts, ago 22.

N a tu r e  o p  I n ju r y .

Musket ball perforated the left 
thigh, fracturing femur Just 
below the trochanter minor.

Rifle ball enter'd the right groin, 
passed backward, fraotured 
the head and neck of femur, 
and lodged in large muscles 
o f buttook.

Conoidal ball fractured upper 
third o f right femur, passed 
thro' trochanter and lodged 
behind trochanter major, fol
lowed by chronic ostitis and 
coxitis.

Left thigh perforated by a co
lloidal ball: the neck of the 
femur was fractured.

OritRATtox and  Op er a to r .

Necrosed fragments extracted; 
shaft o f femur divided six ins. 
below tip oftroch. minor. The 
head, neck, and trochanters, 
and the masses o f callus ad
hering to the trochanters were 
then removed, straight incis. 
eight ins. long, by Surgeon 
D. P. Smith, U. S. V.

Head and neck of femur ex
cised, by Dr. E. Sterling.

Femur divided live ins. below 
the trochanter and unjointed 
from acetabulum, by Dr. .1. 
K. Bigelow, late Surgeon8th 
Indiana.

The femur was divided by Iho 
chain saw just below tho tro
chanter minor; the head of 
tho femur was removed with
out difficulty; Surg. A. M. 
McMahon, U. S. V. Incision 
four Ins. loap-

R ksult akd  R em ar ks .

Diseh’d Aug. 23, 1883, and pen
sioned. Appointed postmaster 

• in 1807, at Ooopersville, Mich. 
Able to attend almost entirely 
without assistance to the busi
ness o f the office. Paid pen
sion March 4,1876. Spec. 1192, 
A.M. 11. Phot. Ser. 110.A.M.M.

(Disch'd July 21, 1861.) July, 
1867, fistulous opening discharg
ing puruleiil matter. Three ins. 
shortening. Pens'ner died Sept. 
6, 1871, of aslheoia. Autopsy. 
Spec. .1190, A. M. If.

Portions of fomnr had been pre
viously removed. Patient had 
been disch'd Aug. 8,1864. In 
Sept., 1877, the pensioner had 
“nearly aperfect arthrodial joint 
at hip. and was able to attend to 
the ordinary duties of a deputy 
marshal-''

Died March 30, 1865. Circ. 6, 
'i. G. G., 1865, p. 72. Circ. 2,
I. G. 0., 1869, pp. 54, 137.

Condensed

NO Name, Military 
Description, and A ge.

Date of 
Injury 

08 
Disease.

1 Aylesworth, F. P., Serg’t, E, 
otb Vermont.

Oct. — 
1861.

2 Baker, C. R., Pt., E, 11th 
Massachusetts.

May —, 
J’ne,’64.

3 Banks, A. M., Pt., H, 13th 
Pennsylvania, age 32. 1861.

*\ Bates, C., Corp'l, E, 20th Jan._•
5i Maine, age 31. J865.

6 Bell, W. II., Pt., D, 33d 
Kentuoky.

July 20, 
1803.

7 Best, R., Pt.. D, 1st N. Y. 
Mounted Rifles, age 41.

Dec. 1, 
1864.

of Two Hundred and Fifty-nine Amputations in the Leg for Disease c 
Miscellaneous Injuries.

[Recoveries, 1—180; Deaths, 181—258; Result undetermined, 259.]

Typhoid fever, resulting iu hos
pital gangrene.

Scrofulous nleera from chafing 
of boot during marching.

Running sores of legs, the re
sult- o f  fever; necrosis of both 
tibia.

Frostbite and gangrene in both 
feet, contracted in rebel prison.

Comp'd fracture lower third by 
wagon wheel; severe lolnry 
to unkle joint; mortification.

Disorganization o f right foot 
and ankle Joint from bum.

Jan. 4, 
1862. 

Dec,—. 
1866. 

June 3,

Op era tio n  a n d  O pera to r .

Ainp. right leg, middle third, 
cireaiar, and all toes left foot. 

Amp. left leg, lower third, flap.
Dr. J. H. Bigelow, of Boston. 

Amp. left leg, upper third. Dr. 
J. W. King, Covington, Ky.

Amp. both legs, lower thirds, 
nntero-postenor flap. A. A. 
Surg. A. J. Smith.

Amput'n right leg, upper third, 
flap. Dr. Moore, Greensbnrg, 
Kentuoky.

Amp. right leg, upper third, bi
lateral flap. A, A. Surg. L. 
McLean.

R esult  and  R em arks .

Discharged February 27, 1862.

Disciiarged April 18, 1865.

Musl'd out Aug. 6, 1861. Stump 
healed; right leg improved af
ter amputation of left.

Discharged Oct. 21, 1865: sound 
slumps.

Discharged December 15,1863.

Disc!largeil Ootoher 14, 1865.

Early outcome studies. Records of the War of the Rebellion published in 1883 name 
the patient, name the surgeon, and describe the outcome. This would be considered 
unacceptable today, but what a powerful tool! The amputation specimens, surgical 
notes, contem porary photographs, and long-term results can be viewed at the 
National Museum of Medicine and Health, Washington, DC.
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th e  testim onial ap p ro ach . T hen  cam e c ru d e  m orta lity  statistics. 
P ierre  Louis (1 7 8 7 -1 8 7 2 ) u sed  m athem atics to  evaluate trea tm en t. 
But th is  p io n e e r  o f  o u tc o m e  stud ies gave u p  because  n o n e  o f  the  
trea tm en ts  o f  h is day w ere  o f  benefit. He d id  sh o w  th a t b lood le tting  
w as harm ful. As resu lts im proved , th e  quality  o f  trea tm e n t w as 
m easu red  in th e  20 th  ce n tu ry  using follow -up stud ies th a t o ften  
focused  on  o n e  feature , such  as a rad io log ic angle.

T hen  cam e rating  scales com bin ing  a salad o f m easurem ents. 
Gradually th e  em phasis  is chang ing  from  assessm en t by  th e  physi
cian  to  assessm en t by  th e  p a tien t and  pa tien ts  co m p arin g  th e ir  
quality  o f  life w ith  th a t o f  th e  general popu la tion .

Outcome studies are m u ch  in th e  n ew s an d  w ere  sta rted  by 
th e  e c ce n tr ic  C odm an  in  ab o u t 1920. It d id  n o t e n d e a r  h im  to  his 
co lleagues and  h e  left th e  hospital.

Som e o f  th e  m ost de ta iled  stud ies are found  in  th e  h is to ry  o f  
th e  A m erican  Civil War. T h ere  is no  a ttem p t a t confidentiality.

Ern est A m o ry Codm an (1869-1940)

He had  th re e  professional passions in  life— th e  shoulder, a 
b o n e  sarcom a register, an d  th e  e n d  resu lt idea. H e m ust have b ee n  
a fascinating  m an. As a s tu d e n t o n  an elective in  V ienna, h e  had  
b e e n  in tro d u c ed  to  th e  subacrom ial b u rsa — a s tru c tu re  th o u g h t to  
have no  clinical significance in  Boston. He d iagnosed  p a tien ts  w ith  
bursitis as a res id en t an d  fo u n d  en o u g h  m ateria l to  give a p a p e r  
th a t a ttrac ted  in terest.

He g rad u a ted  from  H arvard  in  th e  year R o en tgen  d iscovered  
X-rays. H e to o k  to  th is  and , like o th e rs , m ade a n e w  d iscovery  
every  w eek . His en thusiasm  w as d am p en e d  afte r h e  w ro te  an  essay 
for a p rize  o n  all th e  n e w  and  exc iting  clin ical uses for th is 
technology. His essay w as p assed  over fo r a b o rin g  p a p e r  o n  a 
m o rib u n d  op era tio n . His d esc rip tio n  o f  C odm an’s triang le dates 
from  th is tim e. A fterw ard h e  th o u g h t his re jec tio n  m ay have saved 
h is life. M ost X-ray p io n e e rs  d ied  o f  rad ia tion  cancers .

He b ecam e a general su rgeon  at M assachusetts G eneral H ospi
tal an d  to o k  an  in te res t in  p erfo ra ted  du o d en a l u lcers  b u t k ep t 
com ing  back  to  th e  shoulder. For a tim e h e  co m b in ed  a clinical 
in te rest in  th e  sh o u ld e r  w ith  th e  p e rso n a l e x p e rien c e  o f  a d u o d e
nal ulcer.

His b o o k  on  th e  sh o u ld e r w as self-published in  1934. It in
c luded  o p era tio n s for ru p tu re d  ro ta to r cu ff and  th e  first d esc rip tio n  
o f chondrob lastom a.

A no ther in te res t w as th e  en d  resu lt idea, “which was merely 
the common sense notion that every hospital should follow every 
patient it treats, long enough to determine whether or not the 
treatment has been successful, and then to enquire ‘if not, why 
not?’ with a view to preventing similar failures in the future? He 
s ta rted  track ing  h is  o w n  p a tien ts  in  1900 an d  la te r analyzed th e  
resu lts o f  u p p e r  abdom inal o p era tio n s for each  su rgeon  at th e  
M assachusetts G eneral H ospital. H e s ta rted  h is o w n  hosp ita l w h e re  
th e  idea cou ld  b e  p u t to  use. He gained  allies w h e n  th e  A m erican

♦  Ernest Amory Codman
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College w as fo u n d ed  an d  h e  b ecam e cha ir o f th e  H ospital S tandard
ization  C om m ittee  in  1912.

C odm an  advocated  a “Tel-U-Where System ” to  en su re  tha t 
d o c to rs  w o u ld  w o u ld  k n o w  w h e re  to  send  p a tien ts  so th a t they  
w o u ld  get th e  b es t care.

H ere is C o d m an ’s re p o rt o f  o n e  o f his cam paigns for o u t
co m e studies.

“The opening gun was fired at Philadelphia on May 14, 
1913■ Edward Martin, by adroit advertising, gathered an enor
mous audience in the great ballroom of the Academy of Medicine 
and I spoke on “The Product o f a Hospital.” (Surg. Gyn. and Obst., 
April, 1914, pp. 491-496.) There was much that seemed very 
radical in this address, and the audience showed itself not only 
interested, but stirred. I asked and discussed such questions as 
these:

'For whose primary interest is it to have the hospital efficient?
‘For (1) The patient who seeks relief.
(2) The public who support the hospital and in return expect 

[a] high standard of knowledge on the part of their own private 
doctor.

(3) The Hospital itself which, as an institution, has an indi
viduality of its own.

‘Who represents or acts for these interests? Strangely enough 
the answer is: No one; it is for the interest of no one. It is the 
duty of no one. For instance: For whose interest is it to investigate 
what is the actual result to the patient operated on? For whose 
interest is it to insist on the resignation of incompetent old Doctor 
So-and-So, who is one of the best fellows that ever lived? Who will 
warn the largest contributor that his agreeable classmate, Doctor 
So-and-So, is totally unfitted to remove his stomach? There is a 
difference between interest and duty. You do your duty if it is for  
your interest.

‘Let us make attention to the medical and surgical efficiency 
of the hospital the duty of some one.’

“I closed the address with the following suggestions:
‘That each prominent hospital in this city appoint an effi

ciency committee consisting of a trustee, a member of the staff 
and a superintendent. That these committees inquire into the 
efficiency of their own Hospitals with a view to answering the 
questions which are sure to come from the Carnegie Foundation 
(which had just then agreed to help with the movement).

‘That an example of this kind set by the Philadelphia Hospi
tals would lead to the establishment of similar committees in 
other cities, and eventually lead to a national organization repre
senting the patient, the public and the individual institutions.’

“The surgeons of Pennsylvania rose to the occasion and, 
under the leadership of Dr. Edward Martin, set a grand example. 
Dr. Baldy did heroic work, and, for a time, Pennsylvania was the 
shining light of this new form of hospital housecleaning.”

S oon  a f te rw a rd s  C o d m an  re s ig n e d  fro m  th e  M a ssac h u se tts  
G eneral H ospital an d  ran  a m eeting  a t w h ich  h e  p ro d u c e d  a huge
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cartoon comparing Harvard to a goose laying golden eggs for its 
surgeons and comparing the surgeons to an ostrich with its head 
in the ground as far as outcome was concerned. For a time he was 
in disgrace and his wife had to explain him daily to their friends. 
When he published his book on hospital efficiency he could not 
give it away.

He joined up in World War I and put his end result study to 
good use. He was chief surgeon with 500 beds. An orderly carried 
the box of cards—one card for each soldier—and he kept track of 
everyone. When the war was over he returned in debt to his closed 
hospital. “/  had  patched up too m any fin e  young m en to fee l 
much enthusiasm  about keeping the aged a n d  infirm  alive, or 
listen w ith any pretense o f  sym pathy to even the nicest lady’s 
description o f  the daily behaviour o f  her digestion. I  determ ined  
to be a money-maker until I  p a id  o ff  m y debts, and  fo r  two years 
charged m ost o f  m y patien ts three tim es as m uch as form erly

He drifted into an interest in the organization of a registry of 
bone sarcoma because one of his best patients had a bone tumor. 
Codman treated about six patients in 13 years but thought bone 
sarcoma would be a good model for his end result idea. He charged 
nothing and eventually registered 1500 cases.

He believed in advertising in a curious way. If a few patients 
received poor treatment because their doctors did not keep track 
of their efficiency, the cost to the community was more than the 
doctors’ income. He proposed that each doctor would take on a 
special interest and become an expert on something. He would 
write about it and this would advertise his skill so that wise general 
practitioners would know where to send their cases.

Codman had a few pithy sayings:

I  am not a believer in socialism but in aristocracy.

I  believe that if  we worked for the general good for one day in 
seven, we should need no religion.

END RESULTS AND THE FOLLOW-UP IN 
ORTHOPAEDIC SURGERY

W. A. ROGERS, 1927

“During the p a s t year an End-result clinic has been held a t 
the Massachusetts General Hospital. The p la n  o f  its organization  
is as follows: one Sunday m orning in each m onth is designated 
as the tim e to report fo r  all cases operated on during that m onth  
o f  the preceding years, inviting the p a tien t to the hospital. A card 
is sent.

“The results obtained: 75% o f  the cases reported. Out o f  532  
cases operated upon, alm ost 400 were exam ined by the s ta ff as 
a whole.”

H istory o f Statistics

The word statistic  comes from “state.” Figures were col
lected about trade, population, and so on, of relevance to the state.
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The English Domesday Book (socioeconomic survey) started it, and 
by the 17th century the causes of death in towns were being 
recorded.

Around 1800 the word statistics got its contemporary mean
ing.

In 1788, Tenon collected statistics in Parisian hospitals. The 
conditions were so bad that the Revolutionary Government started 
to run hospitals. For example, the general mortality was 1 death in 
4Vi admissions at the Hotel Dieu. There were several patients in 
the same bed. In 1774 this hospital received 1334 foundlings— 
new borns abandoned by their m others—and 1097 w ere dead 
within a month. Only 76 were still alive 4 years later. The system 
that replaced this was so successful that French medicine came to 
lead the world.

Statistics became important for public health and were used 
to track down the source of cholera in Soho, London, to one 
particular water pump. On September 7, 1854, Dr. John Snow (a 
leading London anesthetist) took off the handle of the Broad Street 
pump and cholera left the community.

Today everyone knows that any discussion requires people to 
use words that have a universally accepted meaning. Diseases need 
classifications and definitions. This began with Linnaeus classifying 
plants in 1763. Just a few years later, in 1768, diseases were 
classified into classes and species by Franqois Bossier de Sauvages 
de la Croix, and this system continued until recently.

TIMELINE
1662 John Gaunt: large numbers display patterns/regularities 

not seen in small numbers.
1763 Thomas Bayes’ posthum ous “An essay towards solving 

a problem in the doctrine o f chances” becomes the 
basis of a Bayesian analysis—choosing management on 
the probability of the best outcome.

1785 Marquis de Condorcet: “application of mathematics to 
decision analysis”

1793 In Philadelphia, Benjamin Rush claims to cure yellow 
fever by bleeding and purging but does not present 
figures. William Cobbett, a politician, examines the 
mortality figures and concludes that the cure was “one 
of those great discoveries which have contributed to 
the depopulation of the earth.”

1795 Pierre-Simon Laplace: it is possible to reason from the 
frequency of events to the probable cause. He invents 
sampling.

circa 1800 Phillippe Pinel used numbers to assess treatment.
1801 Friedrich Gauss describes the bell-shaped normal distri

bution curve.
1809 Statistical Society of Paris founded. Others follow in the 

United Kingdom (1834) and United States (1839).
1829 Francis Bisset Hawkins’ book, Elements of Medical Statis

tics, is the first book about statistics in English.
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1835 Statistics about bloodletting published by Pierre Louis 
(1787-1872). He also correlated physical signs with 
pathology and founded the Society for Medical Obser
vation.

1842 Chadwick’s report on life expectancy in Britain, and 
in France Louis Villerme (1782-1863) used numerical 
methods for the mortality in different classes.

1888 Sir Francis Galton introduces the words regression and 
correlation.

1894 Karl Pearson introduces standard deviation and in 
1900 the chi squared test.

1908 The “Student” T test developed by W. Gosset.
1945 Frank Wilcoxon publishes Individual Comparisons by 

Ranking Methods. Born in Ireland, he worked on insec
ticides in the United States.

What does Guinness have in common with an experimental 
farm?

William Gosset was working for the Guinness Brewery in 
Dublin in the early 1900s and had to investigate the effect of hops 
and barley from different sources on the final product. He devel
oped a statistical test to relate the size of the sample to its reliability. 
Guinness had a policy of no publications for fear that it would help 
the competition, but allowed, for the first time, publication under 
a pseudonym. Gosset chose the name Student.

Sir Ronald Fisher was a mathematical genius, graduating 
from Cambridge in 1913- He was unfit for the war and filled 
a num ber of unsatisfying jobs until he was given a job at 
Rothamsted Experimental Station to study the 60-year accumulation 
of data on the effect of manure and weather on crop yields. From 
this unpromising start in farming trials, he worked out just about 
all that we know about the organization and analysis of clinical 
trials, publishing Statistical Methods fo r  Research Workers in 1925 
to bad reviews. He didn’t stop, writing The Design o f  Experiments 
in 1935. He was knighted and became president of the Royal 
Statistical Society.

Third World

Today, only about half the population of the world benefits 
from all the advances in orthopaedics. The belt of poverty around 
the globe leaves many people without orthopaedic care. They 
go without housing, safety, clean water, transportation, food, and 
education in varying degrees as well. In some countries less than 
$10 a year per person is allocated to health care, compared with 
$1000 to $2000 in NATO countries.

Doctors went first to the Third World with explorers to treat 
explorers. Later they went as missionaries to trade health knowl
edge with the inhabitants for conversion to Christianity. Many went 
because these were the only jobs. Later they treated the sick slaves 
as a way of avoiding a lost investment, making productive work

♦  Sir Ronald Aylmer Fisher
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possible in a bad climate and to make money for absentee land
lords. This interesting evolution of motive included some scientific 
curiosity and desire for social justice later.

In colonial times governments provided some kind of health 
service and posted Europeans to the Third World. With self-govern
ment, this link was broken, and newly independent countries ran 
health plans with their own people and some outside help, mostly 
with about 1% of the per capita expenditure of the developed 
world. It is said that today one third of the world’s population 
receives no health care.

In the 1950s and 1960s an orthopaedic surgeon could go to 
the Third World and use much the same technology as in London 
or Toronto. The growth of technology in the 1980s and 1990s has 
placed a huge gulf between the two worlds, making it difficult to 
wander between the two.

GROWING NUMBERS OF ORTHOPAEDIC 
SURGEONS (MEMBERSHIP OF THE BRITISH 
ORTHOPAEDIC ASSOCIATION)
1918 24
1923 80
1944 370
1957 698
1967 1145
1975 1060
1991 2637 (1462 associates and fellows)
1998 3289 members

Until World War I there were very few orthopaedic surgeons 
in Europe and America, and in the rest of the world musculoskele
tal surgery was undertaken by general surgeons.

The question of orthopaedic surgeons for the developing 
world really came up only at the end of World War II. For the first 
time there were a number of orthopaedic surgeons in the devel
oped world. The old colonial health services were giving up; new 
universities were starting up. Many trainees from the ex-colonies 
came to Europe to gain qualifications. There were a lot of chal
lenges. Tuberculosis and leprosy had become treatable for the 
first time.

However, there were not a lot of orthopaedic surgeons to 
spare for working overseas, and there was no financial or career 
incentive.

In 1945, Sir Herbert Seddon suggested that the British Ortho
paedic Association send staff to spend time overseas, and various 
schemes started—in Kano, Nigeria, in 1958, Sudan in 1962, and 
Burma in 1965. The Australians provided encouragement in Indone
sia.

A few orthopaedic pioneers came to the fore: John Golding in 
Jamaica, Ron Huckstep in Uganda, Gunn in Singapore. These peo
ple achieved much more than they could have done in Britain. In
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Britain the doctor treating patients had as much chance of initiating 
change as a fly on flypaper. The developing countries were looking 
for leaders, who would develop organizations and training pro
grams.

In 1970 Ron Huckstep held a meeting at Oriel College, Oxford, 
which led to the formation of World Orthopaedic Concern. This 
started an era of volunteerism and writing grants for overseas aid 
money. Rotary International funded a campaign to eradicate polio 
by the year 2000.

In the United States, Care Medico became Orthopaedics Over
seas, which has provided care to large parts of the world. Project 
Hope sent a ship carrying volunteer orthopaedic surgeons to ports 
around the world.

The emphasis was on training and start-up projects. Some of 
the projects have developed their own momentum, but many 
flounder without support.

The World Health Organization (WHO) is favoring funding of 
primary health care only—a return to the state of affairs many 
years ago.

The Tren d  to D ay Surgery

In the past, orthopaedics was linked to long-stay care— 
producing huge hospital wards. The treatment of tuberculosis pro
ceeded at glacial speed, then there was slow correction of deformi
ties, and after operation prolonged recumbency was frequent. Of
ten there was the feeling that this was the only way to ensure 
compliance with treatment. It was not uncommon for patients to 
marry their nurses, whom they got to know so well. How times 
have changed!

Yet the forces we feel today are not entirely new, as the next 
quotes show.

IN-PATIENT TRACTION FOR FRACTURES 

JOHN DUNLOP, 1939

John Dunlop was an orthopaedic surgeon in Pasadena, Califor
nia. He introduced traction in extension for children with supracon
dylar fractures in 1939. He believed that anatomic reduction was 
essential for a good result and that traction was the best way to 
maintain it at that time—better than sending the child home with 
a flexed elbow. Obviously he was contending with the same pres
sures as we do today because he finishes his article with these 
remarks:

“Do not be influenced by the paren ts’ desire to take the child 
home im m ediately after reduction.

“Do not let the additional cost o f  hospitalization a nd  fre
q u en t roentgenographic exa m in a tio n s  in fluence y o u  in  y o u r  
choice o f  method. In  the end, the additional hospital expense is 
trivial in comparison to a deformed elbow jo in t  fo r  life.
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“Do not be hurried in the removal o f  the traction in order 
to get the child out o f  hospital.”

SPINA BIFIDA. ITS OPERATIVE TREATMENT 
AMONGST OUT-PATIENTS
J. H. N ICOLL, GLASGOW , 1902

“The p a tien t was brought to Glasgow Children’s Hospital a t 
the age o f  2  months. The spina bifida appeared to be a pure  
meningocele.

“The tum our was excised in the outpatient clinic and  the 
child was sent hom e in the care o f  its mother. Convalescence was 
uneventful. The child was nursed throughout by its mother, aided 
by an aunt, a nd  instructed by the Surgical Sister, who visited the 
p a tien t daily."

He concludes, “/  am  conscious o f  a growing belief that 
infants o f  tender age operated on fo r  these a nd  various other 
surgical affections fa re  a t least as well in the care o f  their mothers 
as in the wards o f  a hospital, however well conducted and  effi
cient in the treatm ent o f  older beings

Prevention

The improvement of medical practice, which will become more 
efficacious with the progress of reason and of social order, will mean 
the end o f infectious and hereditary diseases and illness brought on by 
climate, food or working conditions. Marquis of Condorcet (1743- 
1794)

Preventive Versus Reactive Orthopaedics

Most of us are practicing reactive orthopaedics—reacting to 
problems we see in the clinics. However, over the years this 
approach has been less successful than taking a proactive ap
proach.

My hypothesis is that orthopaedics has been changed more by 
prevention strategies developed by nonorthopaedists, than by the 
invention of better methods of treatment by orthopaedists. Look at 
some examples.

Infections

Polio stimulated the fertile imagination of orthopaedists and 
resulted in the invention of bracing, leg lengthening, and epiphy
seodesis, arthrodesis, tendon transfer.

It played a big part in establishing the specialty of orthopae
dics.
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All this knowledge was made redundant as far as polio was 
concerned, by polio vaccine. The knowledge was put to other uses.

Formerly, polio care was a large part of the work of orthopae
dic surgeons. However, they did not make the crucial break
through.

Tuberculosis caused 25% of deaths but with pasteurization 
of milk, better living conditions, segregation of active cases, tracing 
of contacts, and most of all streptomycin, the disease has been 
virtually eradicated.

Osteomyelitis used to be a lifelong disease. But with im
proved pediatric care, septicemia is becoming infrequent. A few 
years ago I used to drain quite a lot of osteomyelitis abscesses and 
thought that early drainage was conquering the disease. I have not 
drained a bone abscess for a long time. It must be that children 
are healthier and are given antibiotics early, preventing septicemia.

Injury Prevention

Injuries used to be called “accidents,” as if they were just bad 
luck. The change of name is a step toward understanding that they 
are a failure of safety behavior.

Industrial safety. Hand injuries from unguarded machines 
become less frequent. Safety codes are written up everywhere. 
Industrial insurance rates are tied to the rates of injuries in the past.

When children were pressed into factories during the Indus
trial Revolution, they were frequently injured until employers had 
to pay for the health care of children injured on the job.

Transportation injury has always been a major cause of 
injury—sailors drowned, horsemen were thrown, walkers were 
attacked. Automobiles just focused interest. Mandatory seat belts 
and car design have done much for safety. Speed limits reduce the 
severity and frequency of injury. Bike helmets reduce cycle deaths.

The rapid provision of trauma life support and transporta
tion that came from the Vietnam War has been translated into 
paramedics, who resuscitate the injured on the spot and evacuate 
them quickly to reduce mortality.

There have been lifestyle changes—less drinking and 
driving—reducing road deaths.

Prevention of war. A movement to ban land mines and 
efforts by United Nations and organizations opposed to nuclear 
war have perhaps achieved more to prevent orthopaedic misery 
than all the orthopaedic surgeons who have ever lived. In the past, 
wartime deaths wiped out the pride of a generation.

Children’s Diseases

Screening for developmental dysplasia of the hip and scoliosis 
have not succeeded in making operative treatment obsolete.

Spina bifida and cerebral palsy—these are expensive diseases 
for the community, and many patients never repay the costs in 
taxes. Prevention has had some impact.
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Genetic diseases—counseling helps now, and in the future 
gene therapy may offer more.

Rickets used to affect up to 90% of children and is now a 
thing of the past due to vitamin D in milk.

The conclusion is that orthopaedic surgery owed its origins 
to tuberculosis, polio, osteomyelitis, rickets, malunited fractures, 
clubfeet, and scoliosis. Now only the last two remain in significant 
numbers. In the past prevention transformed orthopaedics; today 
joint replacement is transforming it again.

It took about 2000 years for surgeons to separate from doctors 
and 200 years for orthopaedic surgeons to separate orthopaedics 
from general surgery. It is taking 50 years for general orthopaedics 
to disappear into subspecialties.

Trium p halist O rthopaedics

This book, like most history books, is written in a triumphant 
style. Knowledge triumphs over ignorance. The good guys have 
one success after another. Achievements increase. Mistakes and 
errors are washed clean, and all is for the greater good of humanity.

But not everyone agrees. For example, the alternative medicine 
groups and Ivan Illicit who looks at iatrogenic disease. Then there 
are those who say we are polluting our planet so that it will 
become unlivable. Often the course of orthopaedics has taken long 
rambles sideways before getting back on track.

But even the cynic must see that there is a lot to celebrate.

R e f e r e n c e  s

Chapter references are located in Chapter 26.
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Conclusions

The great number of deformed persons of both sexes who are daily 
to be seen in every district o f the metropolis, must surely tend to impress 
the public mind with the idea that distortions are incapable of being 
cured or prevented, or that the branch of surgery to which they belong 
is in a very imperfect state. John Bishop, 1852

THe R ise and "Fall of 
OftHopaedics

O rthopaedics began as a name 250 years ago but really only 
became useful 100 years ago when three inventions were in 

place—aseptic surgery, anesthesia, and X-rays. Orthopaedics began 
as a subdivision of general surgery but is now bigger than general 
surgery. In the future, it may suffer the same fate as general 
surgery—fragmentation. Already in some countries residency train
ing for children’s orthopaedics is distinct from that for adult ortho
paedics. Orthopaedics may disappear into subspecialties: joint re
placement surgery, upper limb surgery, sports medicine, trauma 
care, and so on.

We may now, after 100 years, be seeing the first signs of the 
atrophy of general orthopaedics. Increasing control by third-party 
payers, domination by the medico-industrial complex, and fragmen
tation are changing us. It may be a good time to look back and see 
what has been achieved.

WKat f la s  B een tKe CTmpact 
of O rthopaedics o n  
Cvci*yday Fife?

• Fewer cripples are seen in the streets here than in the Third 
World—partly due to living standards, social welfare, and 
treatment.

• Gone are the huge, long-stay orthopaedic hospitals—a 
change comparable to the extinction of mental hospitals. 
Gone are homes for crippled children.

• Many musculoskeletal diseases have almost disappeared. The 
major problems are no longer infection, malunited fractures, 
rickets, and polio. A lot of the fear of being handicapped has 
disappeared. Even in the 1950s, summer meant outbreaks of

537
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polio; public swimming pools were viewed with suspicion; 
newspapers tracked epidemics.

• Children grow up straight; the elderly are more mobile with 
less arthritis.

As more and more people reach old age, the need for ortho
paedic care has increased, and there are more orthopaedic sur
geons than ever. Some of the emphasis has moved from tissue 
repair to tissue replacement. Old age talk is about golf and hip 
replacements instead of crutches and live-in maids.

Trauma care has gone beyond a sip of brandy and smelling 
salts for the injured. “Fractures,” I was advised w hen I was starting, 
“are just work for surgeons who cannot build an elective practice.” 
This is no longer the case. Fracture care has become respectable 
and attracts the best brains. Gone are the days when an ankle 
fracture made a patient unemployable for life.

WKcit f la s  B een tKc cTmpoct 
of OHKopaedic D iseases on 
flistoi*y/Social P»*og»*ess?

If orthopaedics is so important, one might expect it to have 
an effect beyond the individual patient. What, if any, is the group ef
fect?

Travel and Exploration

Scurvy limited long distance travel to about three weeks—the 
length of time the body could store vitamin C. The vitamins made 
immigration and settling new lands safe.

Government

Genetic diseases affecting the musculoskeletal system had an 
impact on the course of history—such as

• Russian Revolution. The descendants of Queen Victoria in 
Russia carried the gene for hemophilia. One of the factors 
contributing to the Russian Revolution was that the Tsar 
was torn between looking after his hemophilic son and the 
Russian people. The Tsarina only made things worse be
cause she would stop at nothing to care for her son. The 
ineptitude of Tsar Nicholas during the childhood of his 
hemophilic son led to the Russian Revolution of 1917. Per
haps without hemophilia the history of the world would 
have been different.

Only recently has the question been asked: How did 
Victoria come to be a carrier of hemophilia, since no one 
in the family before Victoria had hemophilia? One possibility 
is that her father had a 1:50,000 random mutation. Another 
possibility is that she was the illegitimate daughter of a man
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with hemophilia. Or that some kind of baby swap took 
place at the time of her birth.

In the past our rulers were kings and queens; sons 
succeeded fathers so that genetic diseases were important. 
Democracy has reduced the significance of genetic disease 
in hereditary leaders.

• Am erican War o f  Independence. Porphyria and George III: 
The gene for porphyria causes attacks of peripheral neuritis, 
insanity, and abdominal pain. Its presence in the British 
Royal Family has been tracked. Porphyria was responsible 
for the madness of George III, which contributed to the 
American War of Independence.

• The Inquisition. King Philip of Spain suffered from gout, 
and he was assured that the pain of gout was like the pains 
of hell promised to sinners. So w hen he was dealing with 
heretics it seemed only rational to allow them to experience 
the same pains as he himself had experienced.

Com m unism

During the Victorian era, Henry Mayhew, a journalist with the 
London Times interviewed London’s poor and published the arti
cles as a book, which had a huge impact. Mayhew included pictures 
of arthrogryposis. Karl Marx read this book, and it became a reason 
for trying to change the way the world worked.

Traum a and Death

Care for the injured runs contrary to the goals of war. Killing 
has been the military means to resolve conflict. But until about 
1900, dysentery had more impact on the outcome of battles than 
infliction of injury because dysentery resulted from herding people 
together in an army. Treating the injured has been an orthopaedic 
obligation, but it has not swung the results of a battle. Even today 
orthopedic surgeons have little impact on the outcome of war.

Assassination has been used to change leadership and policy. 
Even here we have done little. The wounds that kill are outside 
our domain.

WKat f la s  S een  tHe Jm p ac t 
o f  S ocia l T^ocf^ess on 
0»*tKopaec|ics?

The impact has been enormous.
Increasing general wealth has
— m ade orthopaedic care accessible to many, through insur

ance. All kinds of Friendly Societies have assisted in the costs of 
medical care for more than 100 years.

In Canada, Medicare was started in 1958 by the Premier of 
Saskatchewan, Tommy Douglas. When he was a poor immigrant
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boy, he had severe osteomyelitis of the tibia. While he was in a 
charity hospital awaiting amputation, a group of students from the 
local medical school visited him on rounds. As a result, he was 
taken to the teaching hospital for sequestrectomy. He healed and 
kept his leg. “That’s the last I am having to do with charity 
medicine,” he said, and when he became premier he was in a 
position to abolish charity medicine for ever; Tommy Douglas 
introduced universal health care.

—provided m oney to do research. One hundred years ago, 
research was just a hobby for the inquisitive; now it’s everywhere. 
There were no granting agencies, as there are now.

— increased commercialization. For example, hip replace
ments and for profit hospitals. On the one hand, implants would 
not have attracted much development if there were no profit to be 
made, but on the other hand, the old simple relationship between 
doctor and patient has been blown apart by big business.

Now more orthopaedic surgeons are working at one time 
than there were in the whole of history before.

Partly this is because everything takes longer. In the early 
days, lists of twenty cases in a morning were not unusual. Osteoto
mies without fixation took only a few minutes. Tenotomies were 
quick. There were no scoliosis cases or complex ligament recon
structions. Anesthesia was basic without monitors. All the instru
ments were boiled up at the beginning of the day and kept sterile 
in one corner of the operating room, ready for use. There was no 
com puter to occupy the circulating nurse.

There are more diseases we can treat. Backache, arthritis, and 
nerve compression, for example, were untreated in days gone by.

Partly there are more orthopaedic surgeons now because we 
get paid. There used to be a lot of unpaid work, or work paid in 
chickens—competition to get into medical school was unknown 
in those days. In the past, residents in training were not paid, and 
this limited applicants.

Orthopaedics has become more attractive. Walking around 
100 beds peopled with tuberculous patients, writing up braces for 
impoverished children with polio, or having half the clinic space 
set aside to change dressings on draining sinuses would not appeal 
to today’s generation of orthopaedic surgeons. Today there is more 
job satisfaction from the kind of work and the likelihood of curing 
patients. The intrusions of health insurers now fall on us, whereas 
in the past the economic controls fell on patients, keeping them 
from care.

Social progress has imposed standards, such as examinations, 
training requirements. In its wake come litigation and higher expec
tations.

WKat Problem s Rem ain to 
B e Solved?

Uneven Distribution. There are currently about 15,000 or
thopaedic surgeons in the United States and few in the Third 
World. The ratio of orthopaedic surgeons to patients in Equatorial
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Africa is about 1 to 6 million. If this ratio were applied to the 
United States, there would be less than 50 orthopaedic surgeons 
for the whole country.

New Answers to Disease. Perhaps the biggest problem need
ing an answer is postmenopausal osteoporosis, the cause of so 
many fractures. Preventable trauma needs social answers. Spinal 
cord injuries must have a better answer than a wheelchair.

Bird’s Eye View. We all tend to choose treatment that works 
for us. If the choice were dictated, there would be little progress. 
But it should be possible to learn more from this huge, continuing 
experiment. Epidemiologists have looked at regional differences 
and found that some operations are done more frequently in some 
communities than in others. Some doctors are more gung-ho than 
others.

What is the best treatment for a condition? Some have said 
that the distinguishing feature of orthopaedics is not the difficulty 
of making a diagnosis but the difficulty of choosing the best man
agement. How do we do this now? How do we compare one 
treatment with another? New methods of care are based on studies 
of just a few patients. The big picture is something only occasion
ally studied. There is no system to enroll every patient in a study 
so that we learn fast. Evidence-based practice is still largely a 
dream. Perhaps we can learn from the business world.

Money is a value system that has been adopted by civilization 
to put value on diverse services and goods. We need a value system 
in orthopaedics to measure outcome. Is the SF 36 (a popular 
measure of health) the answer?

D o e s  ' H i s t o r y  C K a n g e ?

When I first wrote a book about orthopaedic history 30 years 
ago, the topics which were important enough to discuss were 
different. Joint replacement results were unimpressive, and the 
subject was less important than arthrodesis. Arthroscopy was just 
a paper or two written in the twenties that led nowhere. Fracture 
fixation was basic. Traction was big. The whole focus has changed. 
History changes like everything else.

W hy Study H istory?

It answers our curiosity about the past. It does not help make 
discoveries in the future or see the direction that the future will 
take. It does tell us that having a good idea is not enough— 
promotion is important. History does explain why things are as 
they are.

y V p K o ^ ism s

Our name is really Greek for child—not Latin for foot. Anonymous
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♦ Harold Boyd (1904-1981)

He w as a m aster surgeon and 
th inker at the C am pbell C lin ic , 
Memphis, Tennessee. O f his many 
original papers, the one on Boyd's 
approach w ill be used the longest.

Study principles rather than methods. A mind that grasps principles 
will devise its own methods. Bruce Gill, quoted by EJ Nangle: Instru
ments and apparatus in orthopaedic surgery. Oxford, Blackwell: 1951, p 1

All unsuccessful operations bring a certain degree of discredit on 
surgery. Anonymous, Med Chir Rev 1833, 18, p 237

The conditions necessary for a surgeon are four: first, he should be 
learned. Second, he should be expert. Third, he must be ingenious. 
Fourth, he should be able to adapt himself. Guy de Chauliac: Art of 
Surgery, Introduction. The first European book on surgery, 1363. Rightly, 
there is nothing here about being good w ith the hands.

In treating this disease, I  must own myself considerably at a loss. 
James Latta: Practical System of Surgery, Vol 1. 1795, p 44. There are 
many diseases we could say the same about today but Latta was writing 
about tetanus.

An operation should not only bring relief or health to the patient, 
but should give a glow of keen delight to the artist himself, a thrill of 
joy and a sense of complete satisfaction to a critical observer.

Every operation is an experiment in bacteriology. Sir Berkeley 
Moynihan: The ritual of a surgical operation. Br J Surg 1920-1921, 8, 
p 27-28

Unfortunately, to the great bulk of the people, the word orthopaedic 
has no conceivable meaning. Annual Report of the City Orthopaedic 
Hospital, London, England, 1869

I  was never much attached to operative surgery, which I  considered 
as requiring far less o f intellectual accomplishments than the diagnosis 
of disease and treatment o f it in other ways. Benjamin Brodie: Autobi
ography 1865, p 89

Often it takes longer to convince the patient that he does not need 
a procedure than it would to post the operation and proceed with the 
surgery. The excuse is often given that “I f  I  don’t do it, some other 
surgeon will.” This is the most illogical o f reasons. Why should you make 
the other surgeon’s mistakes? Harold Boyd

Do not be wedded to one method. The good surgeon, like the good 
golfer, has many clubs in his bag and goes to great pains to use the 
correct one for each shot. Harold Boyd

Adieu, Goodbye. Thank you , D ea r R eader, f o r  reaching th is  
poin t.

Chapter references are located in Chapter 26.
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References

’Finding Old R eferences

There is no lack of history. You will find a lot of references here 
and in other books of orthopaedic history, such as Peltier and 

Le Vay. Many current articles begin w ith a historical review. The 
series “Classics” in Clinical Orthopaedics and Related Research has 
more than 350 classic articles, biographies, and portraits.

The Index Medicus began in 1879, and this is helpful, particu
larly for foreign language papers. The earliest purely orthopaedic 
list of references is by Hoffa; it is cited in the references for Chapter 
One. Hoffa went right back to the beginning. Blencke and then 
Witte brought it up to 1935. There are copies at the Wellcome 
Library. In 1965 the National Library of Medicine in Washington, 
D.C., started to publish a Bibliography o f  the History o f  Medicine, 
which has a heading for Orthopaedic Surgery and has a history of 
medicine database, as well as 60,000 historical images on line. A 
chronology of medicine can be found in F. H. Garrison’s History o f  
Medicine, 4th ed., Philadelphia: W. B. Saunders, 1929.

There are many libraries with large historical collections. I 
used those of the University of Toronto, The Academy of Medicine 
Collection at the Toronto Hospital, and The Royal College of Sur
geons of England, as well as the Wellcome Library in London.

The references are written in this order: journal, year, volume, 
page. The obituaries are listed under the name of the deceased.

C\enepal R eading

A list of books about the  history of orthopaedics appears in Chapter One.
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timeline of, 467 
intramedullary fixation for, 450-451 
open versus closed reduction in, 427-429 
philosophy of, 425-430 
rest versus m otion in, 426-427 
timeline of wires, screws, and plates for, 461-464 

un-united, treatm ent of, 456-459 
timeline of, 468-469 

upper limb, 395-410 
famous patients with, 395-397 
timeline of, 397 

Fracture beds, 379 
Fracture healing, 354-358 

compression and, 451-452 
timeline of, 355-356 

Freiberg, Albert H., 387-388 
Freiberg's infraction, 388-390 
Frejka, Bedrich, 76 
Freke, John, 172

on myositis ossificans progressiva, 172 
Freud, Sigmund, on cerebral palsy, 232 
Friedrich, Paul Leopold, 361 
Froment, Jules, 124-125 
Froment’s sign, 124-125 
Fusion, spinal, for scoliosis, 164-167

Galeazzi, Riccardo, 408
on Galeazzi fracture dislocation, 408-410 

Galeazzi fracture dislocation, 408-410 
Galen, 363, 469, 477 

on spinal cord injury, 414 
Galen’s glossocomium, 456 
Gallie, W.E., 418

on carpentered cortical grafts for un-united fractures, 
457

Galway, H.R., on lateral pivot shift, 503-504
Garre, Carl, 213
Garrod, Alfred Baring, 243
Garrod, Archibald E., 243
Gas gangrene, timeline of, 370
Giant cell tumor, 271-272
Gibney, Virgil, 150



582 Index

Gibson, 471
Girdlestone, Gathorne Robert, 53 

on excision arthroplasty of hip, 53-54 
Glisson, Francis, 280 

on rickets, 280 
Glisson’s splint, 317 
Gluck, Themistocles, 44, 323, 462 
Godlee, Rickmann, on Galeazzi fracture dislocation, 410 
Golding, John, 90

on bone changes in sickle cell disease, 90 
Goldthwait, Joel, 186 

on the lumbosacral articulation, 186-187 
Gosset, William, 531 
Gout, 244-247 

famous patients with, 244 
timeline for, 242-243 

Gowers, William, 237 
Great toe, disorders of, 109-111 
Green, William T., 342 
Gross, Samuel D., 471 
Guerin, Jules, 160, 334 
Guidi, Guido, 470
Gunshot wounds, open fractures and, 362 
Gurlt, Ernst Julius, 461 
Guttmann, Ludwig, 422

Hadra, Berthold, 168, 417 
on wiring of vertebra in spine fracture, 417-421 
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for tuberculous spine, 208 

Spinal osteoporosis, 180
Spinal pain, 173-193- See also Back pain; Sciatica.
Spinal stenosis, 175-177 

timeline of, 176 
Spine, deformity of, 143-172 

fracture of, 411-422 
famous patients with, 411-412 
in m odem  era, 421-422 

tuberculosis of, jury mast for, 195 
treatm ent of, 207-208 

Splint(s). See also Brace(s); Orthotics.
Amesbury’s, 379
for hip dislocation, 76
for tuberculous spine, 207, 208
function of, 430

Splint(s) (Continued)
Glisson’s, 317 
le Damany’s, 69 
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Robert Jones' rules for, 339 
timeline of, 339-340 

Tendons, of hand, surgery on, 127-130 
operations on, 334-340 

timeline of, 127-128 
Tenotomy, 335-336 
Tetanus, 369-370 
Thalidomide, 303
Third world, orthopaedics in, 8, 531-533 
Thomas, Hugh Owen, 400 

on pulled elbow, 400 
on Thomas splint, 435 

Thomas splint, 378, 434-435
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Thompson, Frederick R., 42 
Thompson prosthesis, 42 
Thurstan Holland, Charles, 360 

on Thurstand Holland sign, 360 
Thurstan Holland sign, 360 
Tibia, fracture of, 381-382 

early treatm ent o f  26 
open reduction o f  444-449 
walking cast for, timeline of, 391 

pseudarthrosis o f  384 
sequestrectomy of, 213 

Tibia vara, 508-509
Tibial tubercle, apophysitis o f  499-502
Tinel, Jules, 125
Tinel’s sign, 126-127
Tissue processor, arendt’s automatic, 264
Toe, great, disorders of, 109-111
Tonnis, Dietrich, 81
Torticollis, 199
Traction, for dislocated shoulder, 398 

for forearm fracture, 409 
for fracture of femur, 441 
for fractures, 435-443 

in-patient, 533-534 
timeline of, 460-461 

for spinal cord injury, 415-416 
for treatm ent of scoliosis, 157-158 
reduction of hip dislocation by, 76-79 
skull, 416

Trauma, impact of orthopaedics on, 541 
Trendelenburg, Friedrich, 71 
Trendelenburg’s test, 71-73 
Trigger finger, 130 
Trueta, Joseph, 472 
Tuberculosis, 204-212, 535

bone and joint, surgical aspects of, timeline o f  206-207 
of cervical spine, 199 
of spine, jury mast for, 195 

treatm ent o f  207-208 
social aspects of, 209 
timeline of, 205-206 

Tulp, Nicolaas, 236
Tumors, 261-275. See also Osteosarcoma.

Broders’ classification of, 265 
famous people with, 262 
timeline of, 262-263 
treatm ent o f  273-275 

Turco, Vincent, 100 
Turner, Robert, 11

Ulna, shortening o f  after Colles’ fracture, 141 
Ultrasound, diagnostic, for congenital dislocation of hip, 

66-67
Underwood, Michael, 225 

on polio, 226-227 
Upper limb fractures, 395-410 

famous patients with, 395-397 
Upper limb injuries, timeline of, 397

Velpeau, Alfred, 409 
Venel, Jean Andre, 147

Verbeist, Henk, on spinal stenosis, 177 
Verneuil, A., on paralytic hip dislocation, 90 
Vertebra plana, 191-193 
Vertical talus, 104
Vitamin C deficiency, 281-282. See also Scurvy. 
Vitry, Jacques de, on scurvy, 281 
Volkmann, Richard von, 366

on compartm ent syndrome, 367-368 
on hunchback, 209 

Von Rosen, Sophus, 76

Wagner, Heinz, 342
Wakefield, A.R., on hand surgery, 116-117 
Waldenstrom, Henning, 89

on chondrolysis for slipped capital femoral epiphysis, 
89

Walking casts, for fracture o f tibia, timeline of, 391
Waller, Augustus Volney, 121
Walsham’s elastic support, 105
Wattmann, Joseph, 471
Weiss, Marian, 303

on prostheses, 304-305 
Westcott, H. Heywood, on internal fixation of 

transcervical fractures o f femur, 62-63 
Whiplash, 195-197

contemporary, 196-197 
Whistler, Daniel, 280 

on rickets, 280 
White, Anthony, on excision arthroplasty, 324-325 
White, Charles, 322 
Whitman, Royal, 63 
Whitman plate, 105 
Wild, John J., 67 
Wiles, Philip, 38
Wilkinson, M., on neurologic manifestations of cervical 

spondylosis, 198 
Willard, De Forest, 151 
Willard's wheeled crutch, 228
Wilson, Edward, on exertional compartm ent syndrome, 

368-369
Wires, for fracture fixation. See also Fracture(s), 

treatment of. 
timeline of, 461-464 

Wiseman, Richard, 206, 470 
Wolff, Julius, 36, 95
Woodall, John, on informed consent, 525 
Wood-Jones, F., 100 
Wound irrigation, 364 
Wrist fractures, 401-410

X-rays, 22-26

Zander, Jonas, 150, 478 
Zander’s velocipede, 479
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