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FOREWORD

Longevity in the academic life occasionally rewards one with an opportunity to
observe the progression of people or programs from simple beginnings to great
heights of excellence. This book, Clinical Applications for Muscle and Musculocuta-
neous Flaps, seems to invoke such a feeling.

In early 1971 there was no plastic and reconstructive training program at Emory
University. Later that year, Dr. Maurice J. Jurkiewicz joined our faculty and less
than a decade later his program was renowned throughout the world. The academic
progeny of “Dr. J.” are now scattered from coast to coast. Drs. Mathes and Nahai,
members of this group, also trained in General Surgery at Emory, where they com-
piled enviable records. Their professional success has been accompanied by gracious-
ness and good humor, engaging qualities in those achieving distinction at an ear-
ly age.

The broad principles espoused in this book and the wide-ranging applicability of
these reconstructive techniques are eloquent testimony to the authors’ commitment
to the total care of the surgical patient. Certainly this work should mute the com-
monly heard theme that plastic and reconstructive surgery serves only the wealthy
and vain. There is great satisfaction in having played even a small part in the events
that led to this outstanding surgical contribution.

W. Dean Warren, M.D.

Whitehead Professor and Chairman, Department of Surgery
Emory University School of Medicine
Atlanta, Georgia

ix



PREFACE

“What we need to see now are a few harpsichords,
rather than so many logs--recognizable, new, artistic,
and fully acceptable noses, cheeks, chins, necks,
legs, and arms rather than indistinguishable globs
and blobs of transported tissue in those areas.

The older meaning of plastic is molder or sculptor,
and this is the central reason for our existence as a
specialty.”

The principle of transposition of the muscle and
musculocutaneous flap has progressed from the ini-
tial phase of amazement to its present phase of re-
finement. Fortunately, this phase of refinement in re-
constructive surgery is a never-ending process and as
such is not complete. However, progress in the clin-
ical application of the muscle and musculocutaneous
flap is extensive and includes modifications in flap
design and techniques for flap transposition and now
transplantation. McDowell further states in the edi-
torial cited above, “But there is a difference between
a hod carrier and a sculptor, and the time has come
to produce more finished works of art--something
that will not only function like a leg (or whatever),
but that will look like a leg (or whatever).” In the
hope of demonstrating when and how the clinical ap-
plication of muscle and musculocutanecus flaps will
provide the “harpsichord” and not the “log” and the
“finished result” and not the “blobby flap,” this text
is written.

Unlike the traditional tubed skin flap, transposition
of the muscle and musculocutaneous flap is accom-

*From McDowell, F.: Plast. Reconstr. Surg. 64:249, 1979.

plished in one operation. When secondary revisions
are necessary to achieve the optimal result, the ad-
vantage of the single operation is lost. With the rapid
inflation of medical costs, the reconstructive surgeon
is challenged to shorten the reconstructive process
while providing the optimal result. The clinical appli-
cation for muscle and musculocutaneous flap is pre-
sented for each body region, using the unique vas-
cular anatomy for single-staged reconstruction and
emphasizing flap refinements to achieve form and
function.

The vascular anatomy of muscle and musculocu-
taneous flaps is the basis of its wide clinical applica-
tion. The first part of the text presents the principles
of muscle transposition. Emphasis is placed on vas-
cular anatomy and its application to achieve the op-
timal result when the muscle or musculocutaneous
flap is used in reconstructive surgery.

The muscle and musculocutaneous flap is but one
method in the reconstructive ladder that ranges from
the skin graft to the more complex methods of distant
flap transfer or transplantation. The second part of
this text consists of the application of muscle and
musculocutaneous flaps for each specific region.
Within each section, the systematic approach to flap
selection initially relates the role of specific muscle
and musculocutaneous flaps to the other methods in
this reconstructive ladder for specific defects in the
region. When the muscle or musculocutaneous flap
is appropriate for a specific defect, the chapters deal-
ing with the reconstruction of each region contain
specific information regarding design and techniques

.
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xii PREFACE

for use of muscle and musculocutanecus flaps to
achieve defect reconstruction. Finally, specific com-
plications inherent to each flap are presented so that
potential causes of flap failure are avoided by the re-
constructive surgeon.

Microsurgery has released the muscle and muscu-
locutaneous flap from a specific arc of rotation allow-
ing use of certain flaps for any body region. Despite
the increased complexity of composite tissue trans-
plantation, this method of reconstruction is already
standard for certain problems encountered by the re-
constructive surgeon. In some instances composite
tissue transplantation provides a solution for a diffi-
cult wound where none was formerly available. The

third part of this text stresses the utilization of flap
transplantation where other methods commonly fail
to provide the optimal result.

In the final and fourth part of this text, the imme-
diate and long-term evaluations of the muscle and
musculocutaneous flap are examined. The current
period of refinement as related to use of the muscle
and musculocutaneous flap is filled with rapid
changes in flap selection and design. The basis of
these changes is presented with the expectation that
future refinements are forthcoming and will further
enable the reconstructive surgeon to uniformly
achieve the optimal result.
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SELECTION OF THE MUSCLE AND
MUSCULOCUTANEOUS FLAP IN
RECONSTRUCTIVE SURGERY

Stephen J. Mathes ® Foad Nahai

Techniques available to the reconstructive surgeon
for the management of a surgical defect or chronic
wound are considered as a reconstructive ladder—
progressing from simple to more complex proce-
dures.

Reconstructive ladder

Distant flap

)
Local flap

Complex

)
Skin grafts
T

Simple Direct closure

Selection of a technique is based on its ability to sat-
isfy the particular reconstructive requirements of the
defect. Success in reconstructive surgery requires vi-
able coverage and restoration of form, contour, and
function.

COVERAGE

The majority of surgical defects or chronic wounds
maintain local capillary circulation within both the

wound base and adjacent skin. Thus direct closure,
skin grafts, or local flaps provide coverage.

Progression up the reconstructive ladder becomes
necessary when local wound circulation is impaired
(e.g., radiation vasculitis). Local random flaps gener-
ally have vascular compromise by the same mecha-
nism that caused the nearby wound. Therefore the
flap with an intact vascular pedicle distant to the de-
fect is selected for coverage.

Axial and muscle flaps have specific vascular ped-
icles. When these pedicles are distant from the
wound or surgical defect, the flap is considered for
use in defect coverage. Unfortuhately, few axial pat-
tern flaps have been identified, including temporal,
deltopectoral, groin, and dorsalis pedis. Muscles are
available in most body regions. Each muscle has po-
tential as a muscle or musculocutaneous flap. Ap-
proximately 37 muscles and 20 musculocutaneous
flaps have been described (Table 1). Selection of a
particular axial flap or muscle is based on its ability
to provide safe coverage because of a vascular pedicle
distant to the wound.

FORM AND CONTOUR

Although coverage is essential, selection of tech-
niques from the reconstructive ladder is also based

3



4  PRINCIPLES

on restoration of form and contour. The technique
that best restores form and contour is selected from
the methods with the ability to provide safe coverage.

The skin graft provides ideal coverage for the shal-
low wound. Local tissue rearrangement maintains
form and contour in the deep small defect. The de-
fect with missing muscle and skin (e.g., extirpative
head and neck surgery and mastectomy) may benefit
from a muscle or musculocutaneous flap to improve
contour as well as coverage.

In certain regions, when local tissue is unavailable
for coverage (e.g., lower leg and scalp), transposition
of the muscle only with skin grafts may be superior
to the bulk associated with the musculocutaneous
flap. The recent expansion in available techniques in
the reconstructive ladder provides surgeons with ad-
equate choice in flap selection to avoid bulky flaps for
thin defects despite the complexity of specific
wounds.

FUNCTION

Functional requirements at the site of reconstruc-
tion vary, depending both on location and sensibility.
In regions where trauma is frequent and sensibility
lost, flap coverage is desirable. However, skin grafts
are used in areas of minimal trauma or where sensi-
bility exists.

Emphasis on function at the site of reconstruction
is secondary only to the necessity for successful
wound or defect coverage. In acute injury safe cov-
erage must not be jeopardized to achieve function.
Skin grafts are readily removed later and replaced by
the selected flap to provide durable coverage after
resolution of the acute injury phase (e.g., burns and
lower extremity trauma).

SELECTION OF A SPECIFIC MUSCLE
OR MUSCULOCUTANEOUS FLAP

When transposition of a muscle or musculocuta-
neous flap is planned to accomplish a specific recon-
struction, selection of the muscle has been initially
based on its potential to provide coverage. The relia-
bility for successful coverage has earned the muscle
and musculocutaneous flaps a position in the arma-
mentarium of the reconstructive surgeon.

With continuing anatomic study and clinical ex-
perience, refinements in muscle selection, flap de-
sign, and techniques of elevation have occurred.
Transposition of muscle and musculocutaneous flaps
now provides reliable coverage and form, contour,
and function preservation. These refinements have
resulted in greater use of a smaller number of mus-
cles in the practice of reconstructive surgery. These

muscles include the following in the order of fre-
quency:

Latissimus dorsi

Pectoralis major

Tensor fascia lata (TFL)

Gluteus maximus

Gracilis

Gastrocnemius

Soleus

Rectus abdominis

Trapezius

Platysma

The frequency in which a particular muscle flap is
used reflects not only the proximity of the muscle to
common wounds (e.g., mastectomy defect, head and
neck defect, and pressure sores) but also the specific
features of muscle anatomy.

Requisites for muscle flaps

Requisites for muscle selection for use as a muscle
or musculocutaneous flap are presented as criteria
for safe and successful transposition. The emphasis
on function preservation is now greatly expanded,
since this refinement is applicable only to specific
muscles. These guidelines allow selection of the
muscle best suited to accomplish reconstruction in
all body regions.

Size of muscle belly

The size of the muscle belly distal to the point of
rotation must be adequate to cover the defect. Only
with microvascular transplantation can the entire
muscle belly be used for defect coverage. A part of
the muscle length is also used to reach the defect
after transposition. Use of muscles immediately ad-
jacent to the defect often avoids objectionable muscle
bulk between the point of flap rotation and the de-
fect. Although upper and lower motor neuron dis-
eases are associated with fatty changes within the
muscle, the potential for defect coverage are not al-
tered.

Size of cutaneous territory

The skin territory of superficial muscles is based
on musculocutaneous perforators. Since the pattern
of musculocutaneous perforators varies with each
muscle, a knowledge of their location affects flap de-
sign and usefulness. A separate chapter is included
in this text to present the anatomy of the musculo-
cutaneous perforators and its clinical significance.

Location of vascular pedicles

The entire basis for the success of the muscle flap
is based on a pattern of circulation that is consistent
in location and resistant to the effects of radiation
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therapy and superficial trauma. This robust circula-
tion allows safe transposition of both muscle and
overlying skin with dimensions far exceeding the tra-
ditional random flap. However, the suitability of each
muscle for both transposition or transplantation by
microvascular surgery is different. This difference is
based on patterns of circulation and is determined by
a study of location and size of vascular pedicles to
muscle. The number and locations of vascular pedi-
cles critical to muscle survival are variable. The rela-
tionship of the pedicle(s) to the muscle belly deter-
mines the potential arc of rotation and resultant clin-
ical usefulness. A separate chapter is devoted to an-
atomic studies that define the patterns of circulation
to muscle and their clinical significance.

Accessibility

The majority of muscles useful as transposition
flaps have a superficial location. With the knowledge
of muscle origin and insertion in relationship to ex-
ternal landmarks, flap design and elevation are not
complicated. The ease of dissection for all muscles is
presented in Table 1.

Preservation of function

If muscle origin or insertion or motor nerve is di-
vided during flap elevation, then the muscle will no
longer serve its original function. This may well re-
sult in functional disability or alteration of form and
contour. In selecting a particular muscle for recon-
structive purposes, it is therefore essential to consider
the potential functional loss.

The use of some muscles will not lead to signifi-
cant functional impairment or contour deformity
(e.g., soleus), whereas in other muscles the use of
the entire muscle will lead to significant functional
loss (e.g., gluteus maximus muscle in an ambulatory
patient). Similarly, the elevation of a pectoralis major
muscle may lead to loss of form in the anterior axil-
lary fold. Thus options are available to minimize or
eliminate these losses (i.e., the preservation of func-
tion through synergistic muscles or surgical tech-
niques for function preservation).

Synergistic muscles. When a muscle from a group
of synergistic muscles is transposed as a muscle flap,
the functional loss is compensated by the remaining
synergistic muscles. The gracilis, an adductor of the
thigh, is expendable, because the remaining more
powerful adductor muscles will preserve function. If
one muscle of the hamstring group is used, function
is preserved by the remaining two muscles.

Function-preserving techniques. Through the ex-
act definition of the blood supply to muscle, two tech-
niques have evolved for transposition of a part of a
muscle while preserving function and form. The first

technique is applicable to the muscles of the extrem-
ities with long tendons, and the second is more
suited to the broad, flat muscles of the trunk.

For lower extremity coverage the application of one
belly of the gastrocnemius or the soleus will not re-
sult in significant impairment of ankle plantar flex-
ion. However, if the flexor digitorum longus, tibialis
anterior, or the long extensor of the toes is divided for
transposition as a flap, functional deficits are easily
detected (e.g., tibialis anterior foot drop). For cover-
age of small defects careful dissection of the distal
muscle from the tendon allows transposition of the
muscle without disruption of the muscle tendon unit.
Latex injections of muscle before and after flap ele-
vation using this technique demonstrate vascularity
of both muscle and tendon. This technique will only
allow elevation of a small flap limited in length to 7
to 8 cm (Fig. 1-1).

The transposition of the pectoralis major and latis-
simus dorsi muscle flaps leads to the loss of the an-
terior and posterior axillary folds, respectively. Loss
of the posterior axillary fold is minimized by the pres-
ence of the teres major muscle. However, if the en-
tire pectoralis major muscle is elevated and the inser-
tion divided, then a significant deficit of the anterior
axillary fold results. Through a precise knowledge of
the blood supply, intramuscular vascular patterns,
and motor innervation, it is possible to use both these
muscles as flaps and still preserve function and form.

Half of the latissimus dorsi muscle may be elevated
and transposed anteriorly onto the chest wall. During
the dissection for flap elevation, the lower origin is
divided. The insertion and motor nerve are not dis-
turbed, thus preserving form and function (Fig. 1-2).

The use of the distally based latissimus dorsi mus-
cle flap also serves to preserve function. When the
latissimus dorsi muscle is based on the thoracodorsal
pedicle and advanced posteriorly for coverage of the
back, the entire origin is divided. However, the inser-
tion and motor nerve are undisturbed. The flap is
then sutured either to the opposite latissimus dorsi
muscle if bilateral flaps are used or to the opposite
edge of the defect if a unilateral flap is used. In either
case the origin of the muscle is reestablished. Func-
tion and form are preserved.

The pectoralis major has a dominant thoracoac-
romial pedicle, entering the muscle several centime-
ters from the insertion, and segmental secondary
pedicles, branches of the internal mammary artery,
entering the muscle medially close to its origin. The
motor nerves, the medial and lateral pectoral nerves,
enter the muscle with the thoracoacromial pedicle.
When the pectoralis major muscle is transposed me-
dially, based on the distal segmental vascular pedi-
cles for coverage of sternal defects, the anterior axil-

Text continued on p. 14.
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Fig. 1-1. Extensor hallucis longus muscle and skin graft for coverage of small defect

of lower third of tibia with function preservation.

A and B, Small traumatic anterior tibial defect of lower third of leg.

C, Extensor hallucis separated from tendon. NOTE: Great toe extension with retrac-
tion of preserved tendon.

D, Muscle transposed into defect and skin grafted.

E, Postoperative lateral view demonstrates full extension of great toe.

F, Stable wound coverage provided by muscle flap and skin graft.



Fig. 1-2. Reconstruction of anterior chest wall with synthetic mesh and split latissi-

mus dorsi muscle with preservation of muscle function and form.
A and B, Fifteen-year-old boy after resection of ribs and sternum for chondroma has

thin skin coverage directly over pericardium.
C and D, Ribs and sternal defect reconstructed with synthetic mesh.

Continued.
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Fig. 1-2, cont’d
E and F, Anterior half of latissimus dorsi is elevated, (ant) preserving vessels and
motor nerve to posterior half of muscle (post).
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Fig. 1-2, cont'd

G, Latissimus dorsi transposed anteriorly.

H, Muscle covers mesh.

I, Three-month postoperative view.

J, Preservation of left posterior axillary fold and muscle function.
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Fig. 1-3. For legend see opposite page.
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Fig. 1-3. Coverage of infected median sternotomy wound with bilateral pectoralis ma-

jor flaps with preservation of anterior axillary fold and muscle function.

A, Fifty-six-year-old man with infected median sternotomy wound.

, Wound debrided.

Resected necrotic sternum.

Medial pectoral nerve (n) and lateral branch of thoracoacromial vascular pedicle

(p) preserved to lateral pectoralis major muscle fibers. Medial two thirds of mus-

cle transposed into sternal defect.

E, Bilateral medially based pectoralis major muscle flaps and right rectus abdominis
muscle elevated.

F, Flaps transposed into sternum.

G and H, Patient several months after operation at rest, and contraction of pectoralis
major muscle with preservation of anterior axillary fold.

1, Anterior view of another patient without function preservation techniques dem-
onstrates absent anterior axillary fold (arrow).

g R
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TABLE 1 Specifications for muscle and musculocutaneous flaps

Pattern of
Size—width x Sensory innervation— blood supply
Muscle length (cm) Skin territory nerve and dermatome (type)
Abductor digiti minimi 1 x5 Same as muscle None I
(hand)
Abductor digiti quinti 2 x 10 Same as muscle Lateral plantar (S1, S2) 11
(foot)
Abductor hallucis 2 x 10 Same as muscle Medial plantar (1, S2) I
Biceps brachii 6 x 23 Same as muscle Medial brachial cutaneous I
(C8, T1)
Biceps femoris 8 x 35 10 x 40 Posterior femoral cutaneous 11
(S1-S3)
Brachial radialis 5 x 22 Same as muscle Lateral antebrachial 11
cutaneous (C5, C6)
Dorsal interossei 5 None None I
Extensor digitorum 4 x 35 None None v
longus
Extensor digitorum 4 x 8 Same as muscle Deep peroneal nerve (L5, S1) e
breyis
Extensor hallucis 3 x 24 None None v
longus
External oblique 28 x 15 Same as muscle Intercostal, segmental (T5- v
T12)
Flexor carpi ulnars 5% 20 Same as muscle  Medial antebrachial cutaneous 1l
" (C8, T1)
Flexor digitorum 5x 12 Same as muscle Medial (L4, L5) and lateral II
brevis plantar
Flexor digitorum 4 x 35 None None v
longus
Flexor hallucis longus X 24 None None v
Gastrocnemius x 15 10 x 23 None I
(medial)
Gastrocnemius 6 x 12 10 x 23 None I
(lateral)
Gluteal thigh flap 12 x 12 10 x 35 Posterior femoral cutaneous Axial
(81-83)
Gluteus maximus 24 X 24 24 x 24 Segmental sacral (51-S5) 11
Gracilis 6 X 24 8 x 15 Anterior femoral cutaneous 1I
(L2, L3)
Latissimus dorsi 25 x 35 30 x 40 Segmental intercostal (T2-T6) v
Pectoralis major 15 x 23 20 x 28 None \4
Peroneus brevis 3 x 15 Same as muscle Superficial peroneal nerve I
(L5, S1)
Peroneus longus 3 x 20 Same as muscle Superficial peroneal nerve I

(L5, S1)
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Function
Preserved
Accessibility Lost Technique J Synergists Osseous territory Clinical application
Excellent X None Hand
Excellent X None Foot

Excellent Arm

Excellent X None Ischium

Excellent X None Hand
Poor X X None Lower leg

Poor X X Fibula Lower leg

Excellent X None Abdomen

Fair X . None Foot

Fair X X None Lower leg

Excelent X X None Knee, leg

Excellent X X None Knee, leg

Excellent None Pressure sore,
perineum,
back

Excellent X None Pressure sore,
perineum

Excellent Fifth and sixth Head, neck,

ribs chest
Fair X X None Lower leg

Continued.
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TABLE 1 Specifications for muscle and musculocutaneous flaps—cont’d

Pattern of
Size—width x Sensory innervation— blood supply
Muscle length (cm) Skin territory nerve and dermatome (type)
Platysma 8 x 12 10 x 15 Superficial peroneal nerve II
(L5, S1)
Rectus abdominis 6 X 25 21 x 14 None III
Rectus femoris 7 % 32 12 x 32 Anterior femoral cutaneous I
(L2, L3)
Sartorius x 40 5x7 None v
Semimembranosus X 24 None None 11
Semitendinosus 4 x 24 None None 11
Serratus anterior 12 x 10 12 x 6 Segmental intercostal (T2-T4) 111
Soleus 8 x 28 5 x 15 None II
Sternocleidomastoid 5% 18 6 x 20 None II
Temporalis 6 x 10 None None II1
Tensor fascia lata 5 x 15 8 x 40 Lateral femoral cutaneous I
(L2, L3)
Tibialis anterior 4 x 25 4 x 12 None . v
Trapezius 34 x 18 20 x 8 None II
Vastus medialis 8 x 24 None None 11
Vastus lateralis 10 x-26 10 x 15 None II

lary fold may be preserved. The lower origin of the
pectoralis major muscle from the external oblique
fascia and lateral sixth rib is not disturbed, and the
muscle is divided 1 or 2 cm medially to this border of
the pectoralis major. The medial pectoral nerve and
lateral branches of the thoracoacromial artery and
vein are also preserved. The medial pectoralis major
muscle fibers are folded into the sternal defect. The
distal pectoralis major retracts toward the axilla.
However, if this part of the muscle that is vascular-
ized and innervated is then sutured to the pectoralis
minor under tension, some function and form of the
anterior axillary fold are preserved (Fig. 1-3).
Muscle transplantation. The improved reliability
of microvascular techniques for free transplantation
of muscle and musculocutaneous flaps has further
enabled reconstructive surgeons to preserve function.
Lower extremity defects are commonly associated
with injury to entire muscle groups. Transposition of
remaining muscles may further impair lower extrem-
ity function. However, the free transplantation of the
gracilis muscle for small defects or the latissimus
dorsi musculocutaneous flap for large defects often

eliminates the necessity to use local flap techniques.
The same function-preserving technique described
for transposition of the latissimus dorsi muscle is also
applied to elevation of the latissimus dorsi free flap.
Only the anterior branches of the thoracodorsal ar-
tery and nerve are incorporated into the portion of
muscle and skin elevated as the donor flap for trans-
plantation to the lower extremity. The posterior mus-
cle is not disturbed, with vascular pedicle, nerve, or-
igin, and insertion intact.

Proximity of motor nerve entry
to muscle origin

The motor nerve generally enters the proximal
muscle close to the origin. The motor nerve is often
closely associated with the dominant vascular pedicle
to muscle. Muscle denervation noted on preoperative
evaluation may indicate an associated injury to the
vascular pedicle. The location and preservation of the
motor nerve are essential in free functional muscle
transplantation. Specific efforts to divide the motor
nerve will not always significantly reduce muscle
bulk in the denervated muscle, and the required
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Function
Preserved

Accessibility Lost Technique w Synergists Osseous territory Clinical application

Excellent X None Head, neck

Excellent X None Abdomen, chest,
breast

Excellent X None Abdomen,
pressure sore

Excellent X Iliac crest Groin, leg

Fair X None Pressure sore

Fair X None Pressure sore

Fair X X None Breast

Fair X X None Lower leg

Excellent X Clavicle Head, neck

Fair X None Head, neck

Excellent X Iliac crest Abdomen, groin,
perineum,
pressure sore

Excellent X X None Lower leg

Excellent X X Scapula Head, neck,
back

Poor X None Leg

Fair X None Leg

proximal dissection subjects the vascular pedicle to
injury.
Sensory innervation

The preservation of sensory nerves to the cuta-
neous territory of superficial muscles allows transpo-
sition of a sensory flap. The restoration of sensibility
to pressure regions is performed whenever possible.
Use of this refinement in musculocutaneous flap de-
sign has been expanded by use of nerve grafts be-
tween intact sensory nerves above the level of spinal
cord injuries to the sensory nerve of the flap in
staged procedures. Inclusion of a sensory nerve to
the cutaneous territory of muscle allows microvascu-
lar transplantation of a sensory flap. The sensory
nerve to the cutaneous territories of all superficial
muscles is presented in Table 1.

Osseous territory

Vascular connections between muscle fibers and
bone at either the origin or insertion allow elevation

of bone: with the flap. These vascular connections to
the periosteum are tenuous, and careful elevation is
required for transposition or microvascular transplan-
tation of an osseous muscle or musculocutaneous
flap. This muscle flap design may be applied to man-
dible reconstruction, incorporating rib with pectora-
lis major and microvascular flap transplantation for
reconstruction of long bone injuries.

CONCLUSION

The transplantation of muscle and musculocuta-
neous flaps is now an established technique in recon-
structive surgery. Progressive refinements in muscle
selection and design are responsible for their consis-
tent reliability in providing coverage and restoring
form, contour, and function. Through knowledge of
the requisites of muscle for use as a transposition
flap, the muscle flap has been integrated into the re-
constructive ladder and selected when required for
optimal results in reconstructive surgery.
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CLASSIFICATION AND APPLICATION

I. Head and neck
A. Platysma
B. Sternocleidomastoid
C. Temporalis
II. Trunk
A. Anterior
1. Pectoralis major
2. Rectus abdominis
B. Posterior
1. Latissimus dorsi
2. Trapezius
I1I. Anterior thigh
A. Gracilis
B. Rectus femoris
C. Sartorius
D. Tensor fascia lata (TFL)
E. Vastus lateralis
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Posterior thigh

A. Biceps femoris

B. Gluteus maximus
C. Semimembranosus
D. Semitendinosus

. Medial leg

A. Flexor digitorum longus
B. Gastrocnemius

C. Soleus

Lateral leg

A. Extensor digitorum longus
B. Extensor hallucis longus
C. Peroneus longus

D. Tibialis anterior

Foot

A. Abductor digiti minimi
B. Abductor hallucis

C. Flexor digitorum brevis



VASCULAR ANATOMY OF MUSCLE: CLASSIFICATION AND APPLICATION 17

The circulation of muscle is based on the vascular
pedicle(s) that enter(s) the muscle belly between its
origin and insertion. The pedicle(s) consist(s) of an
artery, generally a branch of the major artery to the
specific anatomic region of the muscle, and paired
venae comitantes that drain into a corresponding ma-
jor regional vein. The paired venae comitantes com-
monly join as a single vein immediately before enter-
ing the major vein. When more than one vascular
pedicle enters a muscle, the larger pedicle generally
enters that portion of the muscle located at the prox-
imal end of an extremity or the midline area of the
trunk. The size and location of the larger vascular
pedicle(s) are fairly constant in the human muscle.
The number and size of the small vascular pedicle(s)
are subject to variability. When a muscle receives
two large vascular pedicles from several regional
sources, each pedicle is usually equal in size and
constant in location. Each human muscle has a fairly
constant configuration in regard to its source of blood
supply.

The use of 2 muscle as a flap requires movement
of a part or all of a muscle by surgical manipulation.
This surgical manipulation of the muscle must not
interrupt the circulation of the muscle. Therefore a
precise knowledge of the location of the vascular
pedicle(s) to the muscle is required. When a muscle
has more than one vascular pedicle, the relative im-
portance of each vascular pedicle in regard to muscle
circulation is necessary. When division of a pedicle
generally results in muscle avascular necrosis, this
pedicle is defined as a major vascular pedicle. Minor
pedicles represent smaller vascular attachments to
muscle. When divided the muscle circulation is sus-
tained by the larger dominant vascular pedicle(s).
Use of muscle as a flap is generally based on a single
vascular pedicle or its dominant vascular pedicle(s).

Each muscle has small vascular attachments from
adjacent structures: bone, tendon, muscle, and skin.
Selective division of the major vascular pedicle(s)
without surgical manipulation of the muscle will not
routinely result in muscle necrosis because of sus-
tained circulation through minor vascular pedicles

and these potential vascular communications to ad-
jacent structures. Furthermore certain muscles can
survive surgical manipulation and division of the ma-
jor vascular pedicle when minor pedicles are pre-
served. However, this circulation via the minor pedi-
cle(s) is not always satisfactory, and muscle avascu-
lar necrosis often results after such surgical manip-
ulation. A muscle used as a flap based only on
circulation from minor vascular pedicles is defined as
a distally based flap.

The vascular anatomy of human muscles has been
studied by regional vascular injections with colored
barium-latex solution. Subsequent dissection of each
muscle allows location and measurement of the vas-
cular pedicle(s) to muscle. Measurements include
the location of the point of entry of the vascular ped-
icle into the muscle, the regional source of the vas-
cular pedicle, and the diameter and length of each
specific pedicle. When a muscle has a single vascular
pedicle, its potential as a flap is established by these
anatomic data. Use of this muscle as a flap by de-
tachment of either its origin, insertion, or both is safe
as long as this single vascular pedicle is maintained.

When the muscle has more than one vascular ped-
icle, the relative importance of each vascular pedicle
to muscle circulation must be determined. Selective
injections of a barium-latex solution into the vascular
pedicles allow study of the relative filling of the inter-
nal muscle vasculature (Fig. 2-1). The larger vascu-
lar pedicle that successfully fills the internal muscle
vasculature on selective angiogram is considered a
dominant vascular pedicle.

Anatomic studies are performed in an adynamic
state and do not fully define the relative importance
of each vascular pedicle to muscle circulation. Actual
use of each muscle as a flap confirms the importance
of each pedicle in maintaining adequate circulation
for muscle survival. No vascular pedicle is described
as a dominant vascular pedicle unless the pedicle has
sustained muscle circulation after surgical manipu-
lation of the muscle for use as a flap in reconstructive

surgery.



18 PRINCIPLES

Insertion

Fig. 2-1. Vascular anatomy of pectoralis major.
A, Selective barium-latex injection in thoracoacromial artery.
B, Selective thoracoacromial angiogram,

(From Mathes, 8.].. and Nahai, F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)
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s e 1% o ot insertion

Fig. 2-1, cont’d

C, Selective barium-latex injection in internal mammary artery. Ligatures denote
site of musculocutaneous perforating vessels.

D, Selective internal mammary angiogram. Arrows denote secondary segmental ped-
icles, which are basis for reverse transposition of muscle.
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CLASSIFICATION

Review of the vascular anatomy of human muscle
obtained by cadaver studies and 10 years of clinical
experience in use of muscle as a flap reveals five pat-
terns of muscle circulation (Fig. 2-2). The potential
use of each muscle as a flap is based on its individual
vascular anatomy. However, generalizations regard-
ing muscle vascular anatomy are possible. These pat-
terns or types of circulation are presented to assist in
the selection of the muscle for use as a flap with em-
phasis on survival of muscle after the required sur-
gical manipulation of its vascular anatomy.

Tensor fascia lata Gracilis

Gluteus maximus

Type I: One vascular pedicle (Fig. 2-3)

Anatomic studies reveal a single vascular pedicle to
these muscles. Muscles with this vascular pattern in-
clude the following:

Medial gastrocnemius

Lateral gastrocnemius

Rectus femoris

Tensor fascia lata

Latissimus dorsi

Sartorius

Type | Type Il

Type Il

Type IV

Fig. 2-2. Patterns of vascular anatomy of muscle: type I, One vascular pedicle; type
11, dominant pedicle(s) and minor pedicle(s); type III, two dominant pedicles; type
IV, segmental vascular pedicles; type V, one dominant pedicle and secondary seg-

mental pedicles.

(From Mathes, S.J., and Nahai, F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)



VASCULAR ANATOMY OF MUSCLE: CLASSIFICATION AND APPLICATION

{nsertion

Fig. 2-3. Patterns of vascular anatomy of muscle.

A, Tensor fascia lata (type I). Arrow denotes vascular pedicle.

B, Angiogram of single pedicle-terminal branch of the lateral femoral vircumnflex ar-
tery.

(From Mathes, S.)., and Nahai, F.: Classification of the vascular anatomy of muscles experi-

mental and clinical correlation, Plast. Reconstr. Surg. 67]2):177, 1981.)

21
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Type II: Dominant vascular pedicle(s) and
minor vascular pedicle(s) (Fig. 2-4)

Anatomic studies reveal both large and small vas-
cular pedicles to these muscles. The larger dominant
vascular pedicles will sustain circulation to these
muscles after their elevation as a flap when the
smaller minor pedicles are divided. This is the most
common pattern of circulation observed in the hu-
man muscle. Muscles with this vascular pattern in-
clude the following:

Abductor digiti minimi

Abductor hallucis

Biceps femoris
Flexor digitorum brevis
Gracilis

Peroneus longus
Peroneus brevis
Platysma
Semitendinosus
Soleus
Sternocleidomastoid
Trapezius

Vastus lateralis



VASCULAR ANATOMY OF MUSCLE: CLASSIFICATION AND APPLICATION

Insertion

Fig. 2-4
A, Gracilis (type 11). D, Dominant pedicle; m, minor pedicle.
B, Angiogram of dominant pedicle (D, branch of medial femoral circumflex artery)

and minor pedicle (m, branch of superficial femoral artery).

(From Mathes, S.].. and Nahai, I.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67({2):177, 1981.)
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Type I1I: Two dominant pedicles (Fig. 2-5)

Anatomic studies reveal two large vascular pedicles
to these muscles. These pedicles have either a sepa-
rate regional source of circulation or the vascular
pedicles are located on opposite stdes of the muscle.
Since regional and selective angiograms demonstrate
equal filling of the arterial vessels within the muscle
by these two pedicles, division of one pedicle during
flap elevation may result in loss of muscle within its
vascular distribution. Muscles with this vascular pat-
tern include the following.

Gluteus maximus

Rectus abdominis

Sexratus anterior

Semjmembranosus

Temporalis

Fig. 2-5

Type IV: Segmental vascular pedicles
(Fig. 2-6)

Anatomic studies reveal multiple vascular pedicles
entering the course of the muscle belly. Each pedicle
provides circulation to a portion of the muscle. Divi-
sion of more than two or three of these pedicles dur-
ing elevation as a flap results in distal muscle necro-
sis. Muscles with this vascular patiem include the
following:

Exlensor digitorum longus

Extensor hallucis longus

Flexor digitorum longus

Flexor hallucis Jongus

Sartorius

Tibialis anterior

Origin

Insertion

A, Gluteus maximus (type I11). s, Superior gluteal artery; i, inferior gluteal arterv.
B, Angiogram of dominant pedicles. s, Superior gluteal artery, 1, inferior gluteal
artery. Dotted line denotes site of division of muscle for transposition of only one

half of muscle.

(From Mathes, S.)., and Nahai, F.: Classification of the vascular anatomy of muscles: expen-
mental and clinjcal correlation, Plast, Reconstr. Surg. 67[2):177, 1981.)
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Origin

Insertion

Fig. 2-6. Patterns of vascular anatomy of muscle.
A, Sartorius muscle (type 1V). Arrows denote segmental pedicles.
B, Angiogram of femoral artery. Arrows denote segmental pedicles.

(From Mathes, S.J., and Nahai, F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)
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Type V: One dominant vascular pedicle
and secondary segmental vascular pedicles
(Fig. 2-7)

Anatormdc studies reveal a large vascular pedicle
within the shoulder girdle to these muscles. Selective
angiograms demonstrate filling of the internal vas-
culature of the muscle via this pedicle. However, the
segmental pedicles entenng these muscles at the
midline of the trunk also provide a significant source

of circulation to these muscles. The internal vascu-
lature of these muscles is also filled on angiograms
via these secondary segmental pedicles. These mus-
cles may be elevated as a flap on either vascular sys-
tem. Muscles with this vascular pattern include the
following:

Pectoralis major

Latissimus dorsi

Insertion

S

Origin

Fig. 2-7. Patterns of vascular anatomy of muscle.
A, Latissimus dorsi ({ype V). D, Thoracodorsal artery; small arrows denote second-

ary segmental pedicles.

B, Angiogram of dominant pedicle. D, Thoracodorsal artery. Arrows on outer row
indicate branches of thoracic and lumbar arteries; arrows on inner row indicate

branches of intercostal arteries.

(From Mathes, S.J., and Nahai, F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67(2]:177, 1981.)
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CLINICAL CORRELATION: GENERAL
CONSIDERATIONS

The reconstructive surgeon selecting a muscle for
use as a flap must first consider the reliability of its
survival. However, other factors in selection include
the resultant form and function both at the site of
reconstruction and in the donor region. Refinements
in the design and technique of muscle flap elevation
are based on manipulation of the vascular anatomy of
muscle. The patterns of circulation to muscle deter-
mine the potential of each muscle to satisfy specific
reconstructive requirements.

Prediction of arc of rotation

The extent of elevation of muscle from its normal
anatomic position without devascularization and its
subsequent ability to reach adjacent defects deter-
mine the arc of rotation. The point of rotation is de-
termined by the site of entrance of the dominant or
major vascular pedicle into the muscle. Only the
muscle distal to the point of rotation is actually used

as a transposition flap. The point of rotation for mus-
cles of types I, II, III, and V generally is located at
one end or the proximal one third of the muscle.
However, the type IV muscle has a very limited arc
of rotation, since only the proximal or distal third of
the muscle is safely elevated because of the segmen-
tal vascular pattern.

In type III muscle in which the two dominant vas-
cular pedicles are located at opposite ends of the
muscle, the arc of rotation is decreased, since the
whole muscle may not survive transposition on one
dominant vascular pedicle.

The type V muscle has two arcs of rotation (Fig.
2-8). The entire muscle is safely elevated on the ma-
jor vascular pedicle, entering adjacent to the muscle
insertion in the shoulder girdle. Division of this dom-
inant vascular pedicle allows safe transposition (re-
verse arc of rotation) on the secondary segmental
pedicles entering the muscle adjacent to its origin in
the midline of the trunk.
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Fig. 2-8. Prediction of arc of rotation.

A, Latssimus dorsi (type V). Arc of rotation based on dominant vascular pedicle
(thoracodorsal artery).

B, Arc of rotation based on secondary segmental pedicles.

C, [LElevation of vertebral origin of latissimus dorsi muscles reveals secondary seg-
mental pedicles.

(From Mathes, S.)., and Nahai. F.: Classification of the vascular anatomy of muscles' experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67[2]:177, 1981.)
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Fig. 2-8, cont’d
D, Child with exposed Harrington rod.
E, Outline of reverse latissimus dorsi musculocutaneous flap.

F, Postoperative view reveals stable wound coverage provided by reverse latissimus
dorsi musculocutaneous flap.
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Prediction of skin territory

Use of superficial muscles as a flap may include
overlying skin based on musculocutaneous perforat-
ing vessels. However, the design of the skin overlying
the muscle as a musculocutaneous flap is determined
by the pattern of circulation to the muscle. Each
pedicle to muscle contributes to the skin circulation
via the musculocutaneous perforating vessels. Mus-
cles with types II (Fig. 2-9) and IV patterns of cir-
culation require division of minor or segmental pedi-
cles for flap elevation. The skin that is located over
the distal muscle does not always survive when these
pedicles are divided during flap elevation.

The circulation to skin overlying type 11T muscles
is always adversely affected after division of one of
the major vascular pedicles.

The skin distant to segmental secondary vascular
pedicles in type V muscles is rarely included with the
reverse flap transposition, since the flap is generally
used as a turnover flap (i.e., pectoralis major) or seg-
mental transposition (i.e., latissimus dorsi). However,
the entire skin overlying type V muscles is reliable
based on the dominant vascular pedicle.

Insertion

Origin

Fig. 2-9. For legend see opposite page.



Fig. 2-9. Prediction of skin territory.

A, Platysma (type 11). D, Dominant pedicle; m, minor pedicle.

B, Angiogram of platysma. D, Branch of the facial artery, m, branch of the wans-
verse cervical artery.

C, Absence of lower lip and buccal sulcus after chemasurgery.

D, Platysma muscle with distal skin island.

E, Six-month postoperative view demonstrates reconstruction ol buccal sulcus and
lower lip with platysma musculocutaneous fap.

(Irom Mathes, S.]., and Nahai. F.: Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg. 67{2]:177, 1981.)
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Segmental transposition

Elevanon of a poruon of 2 muscle for use as a Rap
while maintaining the continuity of the muscle ori-
gin, insertion, vascular pedicles, and innervalion is
possible. The type 1II muscle (Fig. 2-10) is ideally
suited, since one half of the muscle is elevated on its
dominant vascular pedicle, while the continuity of
the other half with its vascular pedicle, nerve, origin,

Fig. 2-10. Segmental transposition.

and insertion are maintained. Furthermore a knowl-
edge of the intrinsic circulation of muscle allows el-
evation of a part of the muscle based on a selected
branch of the dominant or major vascular pedicle.
The continuity of the major pedicle and nerve with
the rematning muscle is preserved. This technigue is
applicable to muscles with types II, IV, and V pat-
terns of circulation.

A, Gluteus maximus (type [1I). Defect after excision of chronic wound of sacrum
with exposed sacral bone devoid of periosteum.
B, Design of skin island Jocated over superior aspect of ecach gluteus maximus

muscle.

C, Origin and insertion of superior half of each gluteus maximus muscle are di-
vided. Both musculocutaneous flaps are advanced 1o midline of sacrum, provid-

ing both muscle and skin coverage.

(B and C from Perry, S., and Mathes, S.J.: Bilateral gluteus maximus myocutaneous advance-
ment faps: sacral coverage for ambulatory patients, Ann. Plast. Surg. |In press.])
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Fig. 2-10, cont'd

D, Coverage of sacrum includes superior gluteus maximus muscles and overlying
skin island. NOTE: Origins of superior gluteus maximus muscles are approxi-
mated in midline. Closure of donor defect is possible with V-Y advancement of
musculocutaneous flaps to midline.

E, Siable coverage provided by bilateral superior gluteal musculocutaneous flaps.
Inferior halves of gluteal muscles remam ntacet for function preservation.

F, Direct closure of donor defect possible as result of V-Y closure. Muscle closure in
midline provides soft tissue coverage of sacrum without contour deformity.



QOrigin Origin

Insertion

Fig. 2-11. Design of distally based flaps.

A, Soleus (iype II). Posterior tibial and peroneal arteries.

B, Anglograms of popliteal artery. pe, Peroneal artery, pt, posterior tibial ariery.
NOTE: Distal minor pedicles denoted by arrows on inferior portion of muscle.

C, Chronic wopund of distal thixd of leg with exposed fibula and absen: peroneal
musculature.

D, Distal soleus muscle elevated from lateral approach. Arrows denote medially lo-
cated r:inor pedicles to distal muscle.

(From Mathes, S.J.. and Nahai, F.; Classification of the vascular anatomy of muscles: experi-
mental and clinical correlation, Plast. Reconstr. Surg, 67{2]:177, 1981.)
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Design of distally based flaps

Muscles with type I circulation have minor vas-
cular pedicles that are usually divided during stan-
dard flap elevation. Division of the dominant vascular
pedicle and transposition of the muscle distally based
on the minor vascular pedicle have been successfully
performed. However, the location and size of minox
pedicles are variable, and the use of the distally based

Fig. 2-11, cont'd

flap is not reliable. Prior delay of the muscle either by
selective division of the dominant vascular pedicle or
use of a biochemical delay (i.e., isoxsuprine) may im-
prove the chances of muscle survival. The transposi-
tion of only a portion of the muscle for small defects
based on the minor pedicles of type II muscle is a
reliable technique (Fig. 2-11).

E, Arc of rotation of distal portion of soleus with medial muscle continuity main-

tained.

F, Skin graft is applied to exposed muscle belly.
G, Nine-month postoperative view reveals stable wound coverage.
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Potential for microvascular composite tissue
transplantation

Complete elevation of a muscle and transplantation
to a distant site require restoration of circulation by
microvascular techniques. Muscles with types I and
V circulation patterns are ideally suited for this tech-
nique, since the single vascular pedicle is generally
large and the muscle with its overlying skin reliable.
The majority of type II muscles are also safely trans-
planted based on the dominant vascular pedicle.
However, those muscles with two or more dominant
vascular pedicles are not usually suitable because of
the necessity for multiple microvascular repairs to re-
establish circulation at the site of flap transplanta-
tion.

Vascularized bone

Muscles with all five types of circulation have vas-
cular communication between muscle fibers and the
periosteum of bone at the site of origin or insertion.
However, the incorporation of vascularized bone with
the transposition flap is impossible when the vascular
attachments to bone are located beyond the point of
flap rotation. However, vascularized bone is useful in
muscles suitable for microvascular transplantation or
in muscles suitable for transposition when the vas-
cular attachments to bone are distal to the point of
rotation (i.e., pectoralis major muscle).

CLINICAL CORRELATION: SPECIFIC
MUSCLES

The vascular anatomy of each muscle useful as ei-
ther a transposition or transplantation flap is pre-
sented. This vascular anatomy is correlated with spe-
cific characteristics of the muscle to assist the recon-
structive surgeon in selection of the muscle flap best
suited for a particular reconstructive requirement.
These data are based on anatomic studies and corre-
lated with clinical experience. The potential variabil-
ity of muscle vascular pedicles is emphasized espe-
cially in regard to minor pedicles. Furthermore prior
trauma or vascular disease will alter the vascular
anatomy of muscles.

PLATYSMA

Vascular anatomy (Figs. 2-12 and 2-13)
Pattern of circulation: Type 11

Dominant vascular pedicle (D)
Branch of submental artery and venae comi-
tantes
REGIONAL SOURCE: Facial artery and vein
SIZE: Length: 3 cm
Diameter: 0.8 mm
LOCATION: Adjacent to muscle insertion be-
neath mandible

Minor vascular pedicle (m)

Branch of suprasternal artery and venae com-

itantes

REGIONAL SOURCE: Suprascapular artery and
vein

SIZE: Length: 2 cm

Diameter: 0.5 mm

LOCATION: Adjacent to muscle origin above

clavicle

Clinical application

ARC OF ROTATION: The entire muscle may be safely
elevated on the major vascular pedicle. However,
transposition of muscle alone is only useful for
coverage of tracheostomy defects or other mid-
line coverage problems.

SKIN TERRITORY: The anterior medial skin of the
neck may be elevated with underlying platysmal
muscle based on musculocutaneous perforating
vessels. A skin island may be designed over the
inferior muscle for transposition of the musculo-
cutaneous flap to the inferior face and oral cavity
for defect coverage. Skin islands designed over
the middle of the muscle may be transposed in-
feriorly with underlying platysmal muscle for
midline neck defects. This transposition is based
on the minor vascular pedicle.

SEGMENTAL TRANSPOSITION: Since the platysma is
small, partial muscle transposition has no clini-
cal application.

DESIGN OF DISTALLY BASED FLAPS: The platysma
and associated skin island located over the mid-
dle of the muscle belly may be transposed to the
midline neck based on the minor pedicle.
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POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The platysma with an overlying small skin island
may be transplanted by microvascular tech-
niques based on the facial artery and vein. How-
ever, the donor site in the neck and proximity of
this flap dissection to the mandibular branch of
the facial nerve may preclude its use.

VASCULARIZED BONE: No significant vascular at-
tachments of the platysma to the clavicle perios-
teum are noted.

Insertion (mandible) Insertion (mandible)

Origin QOrigin (pectoral fascia)

Fig. 2-12. Dominant vascular pedicle: D, Submental Fig. 2-13. Dominant vascular pedicle: D, Submental
branch of facial artery (f). Minor vascular pedicle: branch of facial artery (f). Minor vascular pedicle:

m, Branch of suprascapular artery. m, Branch of suprascapular artery.
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STERNOCLEIDOMASTOID
Vascular anatomy (Figs. 2-14 and 2-15)

Pattern of circulation: Type II

Dominant vascular pedicle (D)

Branch of occipital artery and vein
REGIONAL SOURCE: External carotid artery
and vein
SiZE: Length: 3 em
Diameter: 1 mm
LOCATION: Superior third of muscle adjacent
to hypoglossal (XII) nerve

Minor vascular pedicle (m)

1. Branch of posterior auricular artery and vein
REGIONAL SOURCE: External carotid artery
and vein
S1ZE: Length: 2 cm
Diameter: 0.6 mm
LOCATION: Adjacent to muscle insertion at
mastoid process

2. Branch of superior thyroid artery and vein
REGIONAL SOURCE: External carotid artery
and vein
SIZE: Length: 2 cm
Diameter: 0.6 mm
LOCATION: Distal one third of muscle

3. Branch of suprascapular artery and vein
REGIONAL SOURCE: Thyrocervical trunk
SIZE: Length: 2 cm
Diameter: 0.5 mm
LOCATION: Adjacent to muscle insertion at
clavicle

Clinical application
ARC OF ROTATION: The entire muscle may be ele-
vated on the dominant vascular pedicle (D).
Transposition of the distal two thirds of the mus-
cle may be performed with safety for coverage of
defects of the anterior and posterior neck and
lower face.

SKIN TERRITORY: The skin located over the lateral
anterior neck receives musculocutaneous perfo-
rators from the sternocleidomastoid. Inferior
neck skin may be designed as a skin island with
muscle transposition with coverage of intraoral
and lower facial defects.

SEGMENTAL TRANSPOSITION: Since the dominant
pedicle is located on the superior third of the
muscle belly, complete release of the origin is re-
quired to obtain adequate length to reach facial
defects. The sternal head may be transposed for
anterior midline neck defects with preservation
of continuity of the clavicular head.

DESIGN OF DISTALLY BASED FLAPS: The superior
muscle may be transposed inferiorly based on
the distal minor pedicles.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
This musculocutaneous unit is not useful as a
flap for transplantation because of multiple vas-
cular pedicles and its strategic location within
the neck.

VASCULARIZED BONE: Vascular communications be-
tween the muscle origin and periosteum of the
medial clavicle are noted. This bone may be
transposed with the muscle to oral defects re-
quiring mandibular reconstruction. However,
adequate lymphadenectomy associated with ex-
tirpative surgery may require division of the
proximal muscle vascular pedicles.
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Origin

Insertion Insertion

Fig. 2-14. Dominant vascular pedicle: D, Branch of Fig. 2-15. Dominant vascular pedicle: D, Branch of
occipital artery. Minor vascular pedicles: m;, Branch occipital artery. Minor vascular pedicles;m;, Branch
of posterior auricular artery; my, branch of superior of posterior auricular artery; my, branch of superior

thyroid artery; ms, branch of suprascapular artery. thyroid artery; ms, branch of suprascapular artery.
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TEMPORALIS SKIN TERRITORY: Musculocutaneous perforating
Vascular anatomy (Figs. 2-16 and 2-17) vessels are present between the muscle and
Pattern of circulation: Type III scalp. However, since this skin is hair bearing,
transposition of the scalp with muscle is rarely
Dominant vascular pedicle (D) indicated.
1. Anterior deep temporal artery and venae com-

SEGMENTAL TRANSPOSITION: Since the muscle has
two dominant vascular pedicles, the muscle may
be split, leaving the posterior half intact with its
origin and insertion. Generally, the entire origin
of the muscle is divided, and then the muscle is
split for defect coverage (e.g., anterior half on

itantes
REGIONAL SOURCE: Maxillary artery and vein
SIZE: Length: 2 cm
Diameter: 1 mm
LOCATION: Beneath muscle adjacent to its in-

sertion supraorbital region and posterior half on the in-
2. Posterior deep temporal artery and venae fraorbital region).
comitantes

DESIGN OF DISTALLY BASED FLAPS: The posterior
muscle may be elevated on the minor vascular
pedicles. However, the superficial temporal ar-
tery is generally divided in superior facial defects
where flap coverage is required.

REGIONAL SOURCE: Maxillary artery and vein
SIZE: Length: 2 cm
Diameter: 1 mm

LOCATION: Beneath muscle adjacent to its in-
sertion

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The temporalis may be transplanted to the mid-
dle or lower face based on the maxillary artery
and vein for use as function muscle in facial
palsy. There is potential for injury to the upper
division of the facial nerve during elevation of
this muscle for transplantation.

Minor vascular pedicle (m)
Two to four branches of middle temporal ar-
tery and venae comitantes
REGIONAL SOURCE: Superficial temporal artery
and vein
SIZE: Length: 1 cm
Diameter: 0.5 mm

LOCATION: Middle third of muscle along its VASCULARIZED BONE: Vascular communications to

superficial surface the periosteum of the temporal bone and the

muscle origin are noted. However, transposition

Clinical application of vascularized temporal bone with muscle only

ARC OF ROTATION: The entire muscle may be ele- has clinical application for local defects in cranial
vated on the dominant vascular pedicles. Trans- facial surgery.

position as a turnover flap is useful for coverage
of the orbit, superior maxillae, and ear.



Origin

Fig. 2-16. Dominant vascular pedicle: D;, Anterior
deep temporal artery; D,, Posterior deep temporal ar-
tery. Minor vascular pedicles; m, Branch of middle
temporal artery.

Insertion

3 «-I__\-—U‘I._,-\,.'_ =L

Fig. 2-17. Dominant vascular pedicle: D,
Anterior deep temporal artery; Dp, Posterior
deep temporal artery. Minor vascular pedi-
cles; m, Branches of middle temporal artery.

Insertion
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PECTORALIS MAJOR

musculocutaneous flap is generally placed im-
Vascular anatomy (Figs. 2-18 and 2-19)

mediately below or medial to the breast in the

Pattern of circulation: Type V female patient.

Dominant vascular pedicle (D) SEGMENTAL TRANSPOSITION: Release of the muscle

Pectoral branch of thoracoacromial artery and
venae comitantes
REGIONAL SOURCE: Subclavian artery and vein
SIZE: Length: 4 cm
Diameter: 2.5 mm
LOCATION: Beneath clavicle at midsuperior
edge of muscle

Segmental secondary vascular pedicles (s)—
Perforating arterial branches at first through
sixth intercostal spaces and venae comi-
tantes

REGIONAL SOURCE: Internal mammary artery
and vein

SIZE: Length: 2 to 3 cm

Diameter: 0.5 to 0.8 mm
LOCATION: Beneath muscle origin at sternum

Clinical application
ARC OF ROTATION: The entire muscle will survive

elevation on either vascular system: The single
dominant vascular pedicle or the secondary seg-
mental pedicles. Transposition of the muscle
based on the dominant vascular pedicle provides
coverage for defects of the head, neck, and an-
terior chest. Transposition of the muscle as a
turnover flap is based on the secondary segmen-
tal pedicles and is primarily useful for coverage
of defects of the sternum.

SKIN TERRITORY: The skin of the anterior chest re-

ceives multiple musculocutaneous perforators
from the pectoralis major muscle. All or part of
this skin may be included with the pectoralis
major when used as a muscle flap. Central per-
forating vessels also contribute to the circulation
of the breast. Design of the skin island on the

origin from both the sternum and rib and inser-
tion from the humerus are required for transpo-
sition of the muscle based on its major vascular
pedicle for coverage of head and neck defects.
An adequate muscle flap for sternal coverage is
provided by transposition of the medial two
thirds of the muscle based on the secondary seg-
mental perforating vessels. The medial pectoral
nerve and vessels are preserved with the remain-
ing muscle fibers that are attached to the lateral
chest wall to establish a new site of muscle ori-
gin. These fibers maintain the anterior axillary
fold.

The musculocutaneous perforating vessels
from the secondary segmental muscle pedicles
provide circulation to the skin extending from
the midline anteriorly to the anterior axillary line
posteriorly. This skin, the deltopectoral flap, sur-
vives elevation without disruption of the pecto-
ralis major and will cover head and neck defects.

DESIGN OF DISTALLY BASED FLAPS: Distally based

flaps are not applicable, because the pectoralis
major has no minor vascular pedicles.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

The muscle is suitable for transplantation based
on its dominant vascular pedicle for both cover-
age and functional use.

VASCULARIZED BONE: Vascular communication be-

tween the fibers of the muscle origin and the
periosteum of the fifth and sixth ribs allows
transposition of pectoralis major with the vascu-
larized rib. The vascularized rib reaches the in-
traoral defect and is useful for mandible replace-
ment.
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Pectoralis

minor Clavicular origin

Sternal
origin

Insertion ¢

Fig. 2-18. Dominant vascular pedicle: D, Pectoral branch of thoracoacromial artery
(t). Secondary segmental pedicles: s, Lateral pectoral nerve (Ip); medial pectoral
nerve (mp).

Sternal
origin

Insertion

Fig. 2-19. Dominant vascular pedicle: D, Pectoral branch of thoracoacromial artery.
s, Secondary segmental pedicles.
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RECTUS ABDOMINIS SEGMENTAL TRANSPOSITION: The muscle must be
Vascular anatomy (Figs. 2-20 and 2-21) divided either near its insertion or origin to
Pattern of circulation: Type III achieve an adequate arc of rotation to cover most

defects. However, the musculocutaneous perfo-
rating vessels provide cutaneous circulation to
the lateral abdominal wall. The thoracoepigastric
flap is based on these perforating musculocuta-
neous vessels and may be elevated from the an-
terior axillary line to the rectus sheath without
interrupting muscle continuity. This cutaneous
flap will cover thoracic and abdominal wall de-
fects.

Dominant vascular pedicle (D)
1. Superior epigastric artery and vein

REGIONAL SOURCE: Internal mammary artery
and vein

SIZE: Length: 2 cm

Diameter: 2.5 mm

LOCATION: Beneath muscle insertion at costal

margin

2. Inferior epigastric artery and vein

- DESIGN OF DISTALLY BASED . Di
REGIONAL SOURCE: External iliac artery and ED FLAPS: Distally based

flaps are not relevant to the rectus abdominis.

vein

s1zE: Length: 5 cm POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
Diameter: 2.5 mm The rectus abdominis may be transplanted based
LOCATION: Beneath muscle origin at groin on either dominant vascular pedicle and its as-
o sociated venae comitantes. However, the donor
Clinical application defect may cause donor site disability, and for
ARC OF ROTATION: The rectus abdominis may be el- this reason the flap is not recommended for mi-

evated on either major vascular pedicle. Trans- crovascular transplantation.

position of the inferior muscle will cover the
thorax, breast, and superior abdominal wall and
may be used in reconstruction of these regions.
Transposition of the superior muscle inferiorly
based will cover the abdominal wall groin and
may be used to reconstruct lower abdominal
wall.

SKIN TERRITORY: The anterior midabdominal wall
skin receives musculocutaneous perforating ves-
sels from the rectus abdominis. This skin over-
lying either the superior or inferior half of the
muscle may be included with the muscle as a
transposition flap. The entire skin overlying the
muscle will generally survive transposition as a
musculocutaneous flap based on either the su-
perior or inferior dominant vascular pedicle.

VASCULARIZED BONE: Although vascular communi-
cations between the muscle insertion and the
perichondrium of the fifth, sixth, and seventh
ribs are noted, donor deformity generally pre-
cludes transposition of the rectus abdominis with
vascularized rib.
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Fig. 2-20. Dominant vascular pedicles: D;, Superior Fig. 2-21. Dominant vascular pedicles: D,, Superior
epigastric artery; D,, inferior epigastric artery. epigastric artery; Do, inferior epigastric artery.
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LATISSIMUS DORSI
Vascular anatomy (Figs. 2-22 and 2-23)

Pattern of circulation: Type V

LOCATION: Adjacent to muscle insertion in
posterior axillae

Secondary segmental pedicles (s)—Four to

Dominant vascular pedicle (D) six perforating arterial branches and venae
Thoracodorsal artery and venae comitantes comitantes
REGIONAL SOURCE: Subscapular artery and REGIONAL SOURCE: Posterior intercostal ar-
vein tery and vein
S1ZE: Length: 8 cm S1ZE: Length: 2 to 3 cm
Diameter: 2.5 mm Diameter: 0.6 mm

LOCATION: Lateral to lumbosacral fascia

Insertion

Origin

Fig. 2-22. Dominant vascular pedicle: D, Thoracodorsal artery (branch of subscapu-
lar artery [a]). Secondary segmental pedicles: s;, Perforating branch of intercostal
artery; s, perforating branch of lumbar artery. n, Thoracodorsal nerve.
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Four to six perforating branches and neck, and breast reconstruction. Transposition

venae comitantes of the muscle based on the secondary segmental

REGIONAL SOURCE: Lumbar artery and pedicles is primarily useful for posterior midline
vein coverage over the vertebral column.

S1ZE: Length: 1 to 2 cm
Diameter: 0.5 mm
LOCATION: Adjacent to site of muscle ori-
gin into lumbar vertebrae

SKIN TERRITORY: The skin of the back is well sup-
plied with musculocutaneous perforators from
the latissimus dorsi muscle. The entire skin or a
portion of skin may be transposed with this mus-
cle based on either vascular system. Transposi-
tion of the musculocutaneous flap anteriorly
based on the dominant pedicle is most useful for
breast reconstruction. A portion of the skin ter-
ritory is also generally included with the muscle
for posterior trunk coverage based on the sec-
ondary segmental pedicles.

Clinical application

ARC OF ROTATION: The entire muscle will survive
elevation based on either the dominant vascular
pedicle or the secondary segmental perforating
vessels. Transposition of the muscle based on
the dominant vascular pedicle will cover defects
in the head, neck, and anterior and posterior
chest. Anterior transposition is useful for head,

Insertion

Fig. 2-23. Dominant vascular pedicle: D, Thoracodorsal artery (branch of subscapu-
lar artery [a]). Secondary segmental pedicles: s;, Perforating branch of intercostal
artery; s, perforating branch of lumbar artery.
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SEGMENTAL TRANSPOSITION (Figs. 2-24 and 2-25):

Division of the muscle origin is required to es-
tablish a wide arc of rotation for anterior defects
of the head, neck, and anterior chest. However,
the anterior half of the muscle will survive trans-
position based on the anterior branch of the thor-
acodorsal artery. The posterior muscle retains or-
igin, insertions, motor nerve, and vascular con-
tinuity. Transposition of the anterior muscle cov-
ers defects of the anterior chest, breast, and
axillae.

After release of the entire origin of the muscle,
it will extend across the midline, providing cov-
erage and establishing a new site of origin at the
site of fixation. This advancement of the muscle
origin will cover congenital posterior midline de-
fects in children (e.g., myelomeningocele) or ac-
quired wounds on the midline of the back.

Complete release of the muscle insertion is not
required for muscle transposition based on the
secondary segmental perforators. The musculo-
cutaneous perforators derived from the second-
ary segmental pedicles, especially the lumbar

vessels, will vascularize the back skin across the
midline, extending to the posterior axillary line.
Elevation of this skin as a flap, the transverse
back flap, will cover the midline defects. The
muscle is not elevated and retains normal func-
tion.

DESIGN OF DISTALLY BASED FLAP: Distally based

flaps are not applicable to the latissimus dorsi.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

The latissimus dorsi muscle is ideally suited for
transplantation based on the subscapular vessels
or on the anterior branch of the thoracodorsal
vessels preserving the function of the posterior
fibers of the muscle. The muscle transplantation
may include skin and is suitable for both cov-
erage and functional use in reconstructive sur-

gery.

VASCULARIZED BONE: Vascular communication is

not adequate between the fascia of origin or in-
sertion for elevation of vascularized bone with
the latissimus dorsi.
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Fig. 2-24. Segmental transposition. Mus-
cle A is vascularized by posterior branch
of thoracodorsal artery (a). Muscle B
transposition flap is based on anterior
branch of thoracodorsal artery (b).

Fig. 2-25. Muscle transposition based on -
retrograde  vascular filling through

. =it 3
branches (t and s). x, Prior ligation of -H_" { T
sub.scapular artery (a); t, branch to teres i e A, o T -
major; s, branch to serratus anterior. ; i r
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TRAPEZIUS
Vascular anatomy (Figs. 2-26 and 2-27)

Pattern of circulation: Type II

Dominant vascular pedicle (D)

Transverse cervical artery and vein

REGIONAL SOURCE: Thyrocervical trunk or
subclavian artery and vein

s1zZE: Length: 4 cm

Diameter: 1.8 mm

LOCATION: Posterior inferior neck and supe-

rior anterior margin of muscle

Minor vascular pedicles (m)
1. Branch of occipital artery and vein
REGIONAL SOURCE: External carotid artery
and vein

)

SIZE: Length: 3 cm
Diameter: 1 mm
LOCATION: Adjacent to muscle origin at exter-
nal occipital protuberance

Perforating posterior intercostal arteries and

vein

REGIONAL SOURCE: Descending aorta and
vena cava

sizk: Length: 1 to 2 ¢cm

Diameter: 0.5 mm

LOCATION: Vascular pedicles enter the muscle
along the posterior midline adjacent to the
cervical and thoracic vertebral body

Fig. 2-26. Dominant pedicle: D, Transverse cervical artery. Minor pedicles: my,
Branch of occipital artery; mo, branch of thoracic artery; ms, branch of posterior

intercostal artery.
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Clinical application SKIN TERRITORY: The trapezius has musculocuta-

ARC OF ROTATION: The trapezius may be com-

pletely elevated safely based on its circulation
from the dominant vascular pedicle. Elevation of
the entire muscle for coverage or reconstruction
is rarely indicated except when a very wide arc
of rotation is required to reach skull defects.
Prior division of the regional source of this mus-
cle’s dominant circulation, the transverse cervi-
cal artery, may significantly impair muscle cir-
culation and preclude its use as a transposition
flap.

Cervical

neous perforating vessels to the posterior neck,
shoulder, and superior back. Any portion of this
skin may be elevated with this muscle during
muscle transposition. The back skin is prefera-
ble, since the posterior neck skin may border a
neck dissection defect.

origin Occipital origin

origin

" «——I|nsertion

Fig. 2-27. Dominant pedicle: D, Transverse cervical artery. Minor pedicles: m;,
Branch of occipital artery; mjy, branch of thoracic artery; ms, branch of posterior

intercostal artery.
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SEGMENTAL TRANSPOSITION: The anterior trapezius
with overlying shoulder and neck skin may be
safely elevated based on the anterior branches of
the dominant vascular pedicle (Fig. 2-28). Divi-
sion of the fibers of insertion to the lateral third
of the clavicle and acromion is required for fiap
elevation. Although attachments of muscle to the
spine of the scapula are preserved, the function
of shoulder elevation is impaired after flap trans-
position. This flap provides coverage of anterior
neck and lower facial and oral defects.

The posterior trapezius with overlying superior
back skin may be safely elevated based on the
descending branch of the dominant vascular
pedicle (Fig. 2-28). Flap elevation only requires
release of distal fibers of insertion to the spine
and inferior fibers of origin to the thoracic ver-
tebral column. Continuity of the anterior trape-
zius between the neck and shoulder is preserved
to maintain important muscle function. This flap
provides reliable coverage for anterior and pos-
terior neck, lower and middle face, and superior
back defects.

DESIGN OF DISTALLY BASED FLAPS (Fig. 2-29): The

anterior trapezius and its overlying skin may be
elevated based on the minor pedicle from the oc-
cipital artery. However, the skin is unreliable be-
yond the lateral third of the clavicle, and prior
flap delay is recommended.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

Because of the location of the trapezius, trans-
plantation to distant defects is rarely indicated
despite the presence of a single dominant vas-
cular pedicle.

VASCULARIZED BONE: Vascular attachments be-

tween the muscle insertion and periosteum of
the lateral third of the clavicle and the spine of
the scapula are present. The lateral clavicle may
be included with transposition of the anterior
trapezius. The spine of the scapula may be in-
cluded with transposition of the posterior trape-
zius. This vascularized bone may be used in con-
junction with flap coverage for mandibular re-
construction.
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Fig. 2-28. Segmental transposition. A, Anterior tra- Fig. 2-29. Distally based flap. C, Occipital flap based
pezius flap (cervicohumeral flap); B, posterior tra- on occipital artery pedicle (m;,,

pezius flap. Transverse cervical artery: D;, Anterior

branch; Dy, descending branch.
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GRACILIS
Vascular anatomy (Figs. 2-30 and 2-31)

Pattern of circulation: Type II

Dominant vascular pedicle (D)
Medial femoral circumflex artery and venae
comitantes
REGIONAL SOURCE: Profunda femoris artery
and vein
SIZE: Length: 6 cm
Diameter: 1.6 mm
LOCATION: Superior third of muscle belly

Minor vascular pedicle(s) (m)
One or two branches of the superficial femo-
ral artery and venae comitantes
REGIONAL SOURCE: Superficial femoral artery
and vein
sIzE: Length: 2 cm
Diameter: 0.5 mm
LOCATION: Inferior half of muscle

Clinical application

ARC OF ROTATION: Elevation of the entire muscle is
reliable based on its dominant vascular pedicle.
Transposition of this muscle provides coverage of
peroneal and pelvic defect and penile recon-
struction. Division of the minor pedicle(s) does
not adversely affect muscle survival after trans-
position.

SKIN TERRITORY: The medial thigh skin is not en-
tirely vascularized by musculocutaneous perfo-
rating vessels from the gracilis. The skin over
the distal muscle when designed as a skin island
based on muscle circulation is not reliable with
division of the minor pedicle(s). Transposition of
the gracilis with a superior skin island is a reli-
able flap for vaginal reconstruction and coverage
of pressure sores, groin, and perineum.

SEGMENTAL TRANSPOSITION: Complete division of
the muscle insertion is required for muscle
transposition to reach pelvic defects. However,
the medial thigh skin may be elevated as a skin
flap if both proximal musculocutaneous perfora-
tors and superior skin continuity are maintained.

DESIGN OF DISTALLY BASED FLAPS: In musculocuta-
neous flaps based on the minor pedicle(s), dis-
tally based flaps are possible. However, a stra-
tegic delay is required 2 weeks before flap trans-
position. This is accomplished by selective divi-
sion of the dominant vascular pedicle.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The muscle or musculocutaneous unit may be
transplanted by microvascular techniques based
on the dominant vascular pedicle for coverage
and functional muscle transplantation.

VASCULARIZED BONE: There are minimal vascular
communications between the muscle origin and
pubic symphysis. This muscle is not useful as an
osseous muscle flap for transplantation.
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Origin

Fig. 2-30. Dominant pedicle: D, Medial circum-
flex femoral artery. Minor pedicle: m, Branch of
superficial femoral artery.

Origin

Insertion

Fig. 2-31. Dominant pedicle: D, Medial circumflex
femoral artery. Minor pedicle: m, Branch of superfi-
cial femoral artery.

17

Insertion
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RECTUS FEMORIS
Vascular anatomy (Figs. 2-32 and 2-33)

Pattern of circulation: Type 1

Dominant vascular pedicle (D)
Lateral circumflex femoral artery and venae
comitantes (NOTE: Muscle may receive minor
pedicle from femoral artery.)
REGIONAL SOURCE: Profunda femoris artery
and vein
SIZE: Length: 4 cm
Diameter: 2 mm
LOCATION: Superior one third of muscle

Clinical application

ARC OF ROTATION: Elevation of the entire muscle
based on its single proximal vascular pedicle is
possible. Transposition of this muscle provides
coverage of the groin, peroneum, pressure sores,
and anterior abdominal wall defects.

SKIN TERRITORY: The entire anterior thigh skin
may be transposed based on vascular communi-
cations with the rectus femoris. The presence of
numerous musculocutaneous perforators be-
tween the distal muscle and the overlying thigh

skin allows transposition of a distal skin island
for coverage of defects of both the groin and in-
ferior abdominal wall.

SEGMENTAL TRANSPOSITION: Transposition of the
rectus femoris requires complete division of its
insertion for adequate length to reach defects
where muscle coverage is generally required.
The distal muscle may be transposed with main-
tenance of tendon continuity for defects located
in the midthigh.

DESIGN OF DISTALLY BASED FLAPS: Because of the
absence of inferior minor pedicles, a distally
based flap is not possible.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The rectus femoris has potential usefulness for
microvascular transplantation based on its single
vascular pedicle for defects requiring both cov-
erage and functional muscle transplantation.

VASCULARIZED BONE: Vascular communications be-
tween the muscle origin and periosteum of the
inferior iliac spine are present, allowing the po-
tential for transplanting bone with muscle.
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Fig. 2-32. Branch of latehy rtt:iﬁ%umﬁex femoral artery Fig. 2-33. Branch of lateral circumflex femoral artery
(D). (D).
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SARTORIUS _ SKIN TERRITORY: There are occasionally musculo-
Vascular anatomy (Figs. 2-34 and 2-35) cutaneous perforating vessels between the mus-
Pattern of circulation: Type IV cle and lateral superior and medial inferior thigh

skin. Skin over the superior and inferior muscle
may be included with the muscle as a transpo-
sition flap. However, since this muscle will only
reach adjacent defects, use of this muscle as a

Segmental vascular pedicles
Six to ten segmental arterial branches from
the superficial femoral artery and venae com-

itantes . 1
. musculocutaneous flap is rarely indicated.
REGIONAL SOURCE: Superficial femoral artery
and vein SEGMENTAL TRANSPOSITION: Either the entire ori-
size: Length: 2 to 3 cm gin or insertion must be divided to obtain a short
Diameter: 0.6 to 0.8 mm arc of rotation for local defects.
LOE:E;ON: Deep surface of entire muscle DESIGN OF DISTALLY BASED FLAPS: Distally based
flaps are not applicable to the sartorius.
Clinical application POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
ARC OF ROTATION: The superior or inferior third of Only a small portion of the sartorius could be
the sartorius may be elevated with safety. Trans- transplanted based on a single segmental vascu-
position will cover small defects of the groin lar pedicle.

(e.g., femoral vessels after radical groin dissec- VASCULARIZED BONE: Although vascular communi-

tion) or knee, HoweYer, division of more t.h an cations between muscle origin and insertion to

three segmen?al pedicles may result in distal the iliac spine and medial tibia, respectively, are

muscle necrosis. noted, there is no clinical application for this
muscle flap with vascularized bone.
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| St
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Fig. 2-34. Arrows indicate segmental vascular pedi- Fig. 2-35. Arrows indicate segmental vascular pedi-

cles. cles.
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TENSOR FASCIA LATA
Vascular anatomy (Figs. 2-36 and 2-37)

Pattern of circulation: Type I

Dominant vascular pedicle (D)

Terminal branch lateral circumflex femoral

artery and venae comitantes

REGIONAL SOURCE: Profunda femoris artery
and vein

SIZE: Length: 8 cm

Diameter: 2 mm

LOCATION: 10 cm inferior to the anterior su-

perior iliac crest

Clinical application

ARC OF ROTATION: The fascia lata, the long fascial
insertion of the small TFL muscle, is vascular-
ized by the single muscle vascular pedicle.
Transposition of this muscle with its fascial in-
sertion will provide coverage for inferior abdom-
inal wall reconstruction.

SKIN TERRITORY: The entire lateral thigh skin is
vascularized by perforating vessels from the TFL
muscle, which extends inferiorly between the
fascia lata and subcutaneous tissue. Transposi-
tion of muscle, fascia lata, and overlying skin will
provide coverage of the abdomen, groin, peri-
neum, and pelvic pressure sores.

SEGMENTAL TRANSPOSITION: Complete division of
insertion is required for a useful arc of rotation.
However, distal skin may be elevated for mid-
thigh defects based on proximal musculocuta-
neous perforating vessels extending from the
muscle inferiorly. However, elevation of the skin
distal to the site of entry of the vascular pedicle
into muscle will divide musculocutaneous perfo-
rating vessels and result in unreliable skin cir-
culation.

DESIGN OF DISTALLY BASED FLAPS: Because of the
absence of inferiorly located minor pedicles, the
distally based flap is not possible for the TFL.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
TFL fascial or musculocutaneous unit is ideally
suited for microvascular transplantation based
on its single vascular pedicle for both coverage
and functional muscle.

VASCULARIZED BONE: Vascular communications be-
tween the muscle origin and periosteum of the
anterior iliac crest allow transplantation of this
unit with bone.
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Fig. 2-36. Terminal branch of lateral circumflex fem- Fig. 2-37. Terminal branch of lateral circumflex fem-

oral artery (D). oral artery (D).
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VASTUS LATERALIS
Vascular anatomy (Figs. 2-38 and 2-39)

Pattern of circulation: Type II

Dominant vascular pedicle (D)

Descending branch of lateral circumflex fem-
oral artery and venae comitantes

REGIONAL SOURCE: Profunda femoris artery

and vein
SIZE: Length: 4 cm
Diameter: 1 mm
LOCATION: Superior third of the muscle belly

Minor vascular pedicle(s) (m)
Intermuscular branches from superficial fem-
oral artery and venae comitantes
REGIONAL SOURCE: Superficial femoral artery
and vein
sizE: Length: 1 to 2 cm
Diameter: 0.4 mm
LOCATION: Medial deep aspect of the muscle
along the inferior half

Clinical application

ARC OF ROTATION: The entire vastus lateralis may
be safely elevated on its dominant vascular
pedicle. Transposition of this muscle is useful for
coverage of trochanter, ischium, groin, and ace-
tabular fossa and for reconstruction of the ab-
dominal wall.

SKIN TERRITORY: Although located beneath the
TFL unit, the vastus lateralis does contribute
musculocutaneous perforating vessels to skin.
Significant musculocutaneous perforators are
noted to the overlying skin if the vascular pedicle
to the TFL is injured. In this instance the vastus
lateralis should be transposed with overlying fas-
cia lata and skin.

SEGMENTAL TRANSPOSITION: Complete division of
the insertion of the vastus lateralis is required to
obtain an adequate arc of rotation for common
pelvic defects.

DESIGN OF DISTALLY BASED FLAPS: The small minor
pedicles will not support the entire vastus later-
alis if the dominant pedicle is divided. Also, the
location of minor pedicles along the middle of
the muscle belly precludes any useful arc of ro-
tation.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
The vastus lateralis may be transplanted on its
dominant vascular pedicle and may be useful ei-
ther for coverage or for functional muscle trans-
plantation.

VASCULARIZED BONE: Although the vastus lateralis
has numerous vascular communications with
bone periosteum, transplantation of this muscle
with a portion of femur is not useful because of
potential donor site disability.
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Fig. 2-38. Dominant vascular pedicle: D, Descend- Fig. 2-39. Dominant vascular pedicle: D, Descend-
ing branch of lateral femoral circumflex artery. Minor ing branch of lateral femoral circumflex artery. Minor

pedicle: m, Branches of profunda femoris artery. pedicle: m, Branches of profunda femoris artery.
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BICEPS FEMORIS
Vascular anatomy (Figs. 2-40 and 2-41)

Pattern of circulation: Type II

Dominant vascular pedicles (D)
Three superior muscular branches of the pro-
funda femoris artery and venae comitantes
REGIONAL SOURCE: Profunda femoris artery
and vein
SIZE: Length: 3 cm
Diameter: 1 mm
LOCATION: Superior one third of muscle

Minor vascular pedicles (m)

1. Two to three muscular branches of the pro-
funda femoris artery and venae comitantes
REGIONAL SOURCE: Profunda femoris artery
s1zE: Length: 2 cm

Diameter: 0.8 mm
LOCATION: Inferior one third of muscle

Long head

Insertion

2. Two muscular branches of popliteal artery
and venae comitantes
REGIONAL SOURCE: Popliteal artery and vein
SIZE: Length: 3 cm
Diameter: 0.8 mm
LOCATION: Inferior one third of muscle

Clinical application

ARC OF ROTATION: Complete elevation of the biceps
femoris is possible when the superior three dom-
inant vascular pedicles are preserved. However,
the location of these pedicles prevents an ade-
quate arc of rotation as a transposition flap to
reach most defects. The muscle is advanced su-
periorly after release of the origin and insertion
for coverage of ischial defects.

SKIN TERRITORY: The posterior lateral thigh skin
receives musculocutaneous perforating vessels
from the biceps femoris. The entire posterior

Short head

Fig. 2-40. Dominant pedicle: D, Branch of profunda femoris artery. Minor pedicles:
m;, Branches of profunda femoris artery; mq, branches of popliteal artery.
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thigh skin may be elevated with this muscle. El-
evation of the semitendinosus muscle is often in-
cluded with the posterior thigh skin and biceps
femoris muscle for advancement into ischial de-
fects.

SEGMENTAL TRANSPOSITION: Because of the short
arc of rotation resulting from the location of
dominant vascular pedicles in the middle of the
muscle belly, a complete release of origin and in-
sertion is required for its use as an advancement
flap.

Origin

DESIGN OF DISTALLY BASED FLAPS: The entire mus-
cle may be shifted inferiorly with preservation of
the inferiorly located minor pedicles.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:
Because of the presence of multiple dominant
vascular pedicles, the biceps femoris is not use-
ful for transplantation.

VASCULARIZED BONE: The muscle has fascial at-
tachments to bone, both at its origin and inser-
tion. Therefore elevation of vascularized bone
with this muscle is not possible.

Long head

<—————Short head

Insertion

Fig. 2-41. Dominant pedicle: D, Branch of profunda femoris artery. Minor pedicles:

my, Branches of profunda femoris artery; ms, branches of popliteal artery.
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GLUTEUS MAXIMUS
Vascular anatomy (Figs. 2-42 and 2-43)

Pattern of circulation: Type 111

Dominant vascular pedicle (D)
1. Superior gluteal artery and venae comitantes
REGIONAL SOURCE: Hypogastric artery and
vein
s1ZE: Length: 3 cm
Diameter: 2.5 mm
LOCATION: Deep to muscle origin

2. Inferior gluteal artery (d) and venae comi-
tantes

Origin

REGIONAL SOURCE: Hypogastric artery and
vein
SIZE: Length: 3 cm
Diameter: 2.5 mm
LOCATION: Deep to muscle origin

Minor vascular pedicle (m)
Two to three intermuscular branches of me-
dial circumflex femoral artery and venae com-
itantes
REGIONAL SOURCE: Medial circumflex femoral
artery and veins
S1ZE: Length: 1 cm
Diameter: 0.6 mm
LOCATION: Beneath inferior muscle insertion

Insertion

Fig. 2-42. Dominant vascular pedicles: D;, Superior gluteal artery; D,, inferior glu-
teal artery. Minor vascular pedicle: m, Intermuscular branch of medial femoral cir-

cumflex artery.
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Fig. 2-43. Dominant vascular pedicles: D;, Superior gluteal artery; D, inferior glu-
teal artery. Minor vascular pedicle: m, Intermuscular branch of medial femoral cir-
cumflex artery.
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Clinical application sition of the superior gluteus maximus muscle

ARC OF ROTATION: The entire muscle may be ele- will cover defects of the sacrum. Transposition of

vated based on both dominant vascular pedicles.
Transposition of the muscle as a turnover flap
will cover sacral defects. This flap design is now
rarely used, since the entire muscle is used for
coverage (see segmental transposition).

SKIN TERRITORY: The skin of the entire buttock is

vascularized by musculocutaneous perforating
vessels from the gluteus maximus. A skin island
may be designed over either the superior or in-
ferior muscle belly.

The skin of the posterior thigh is vascularized
by a descending branch of the inferior gluteal ar-
tery. This skin may be elevated as a skin-fascial
flap based on this axial vascular pedicle from the
inferior gluteal artery (Fig. 2-44). Transposition
of this posterior thigh skin will cover defects of
the ischium, trochanter, sacrum, and perineum.

SEGMENTAL TRANSPOSITION: The gluteus maximus
may be split with release of the insertion of ei-
ther the superior or inferior half of the muscle
based on its vascular pedicle. The remaining half
of the muscle is left completely intact. Transpo-

the inferior gluteus maximus muscle will cover
defects of the peroneum and ischium.

DESIGN OF DISTALLY BASED FLAPS: Release of the

inferior half of the origin of the inferior gluteal
muscle and division of its dominant vascular
pedicle allows transposition of muscle to the hip
based on minor vascular pedicles. However, the
donor defect may result in further disability. The
gluteal thigh flap is preferable for hip coverage.

POTENTIAL FOR MICROVASCULAR TRANSPLANTATION:

Either half of the muscle may be transplanted
based on its vascular pedicle. Transplantation of
the superior gluteus maximus muscle is not use-
ful for reconstructive surgery because of the
muscle’s short vascular pedicle and the potential
for donor site disability; the inferior muscle has
been transplanted for breast reconstruction.

VASCULARIZED BONE: Vascular communications be-

tween the muscle origin and periosteum of the
sacrum are not useful for flap design because of
potential donor site disability.
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Fig. 2-44. Gluteal thigh flap. G, Inferior gluteus maximus; P, posterior thigh skin;
D, descending branch of inferior gluteal artery. Arrows denote vessel course.
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SEMIMEMBRANOSUS
Vascular anatomy (Figs. 2-45 and 2-46)

Clinical application
ARC OF ROTATION: The semimembranosus has two

Pattern of circulation: Type 111

Dominant vascular pedicles (D)

1. Two branches from profunda femoris artery
and venae comitantes
REGIONAL SOURCE: Profunda femoris artery
and vein
S1ZE: Length: 2 cm
Diameter: 0.6 mm
LOCATION: Superior one half of muscle

2. Branch of superficial femoral artery and

venae comitantes
REGIONAL SOURCE: Superficial femoral artery
and vein
SIZE: Length: 3 cm
Diameter: 0.6 mm
LOCATION: Distal one third of muscle

<

independent regional sources of circ