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Spondylolisthesis

Spondylolisthesis is defined as the forward slippage of one
vertebra on its adjacent caudal segment. The term is derived
from the Greek words for vertebra and to slip or slide.
Spondylolisthesis has been recognized since the late eigh-
teenth century, when it was first described by obstetricians
as a barrier to the passage of the fetus through the birth
canal.”®

Spondylolisthesis is one of the most variable conditions
affecting the pediatric spine. The severity of its clinical pre-
sentation ranges from a coincidental radiographic finding
in asymptomatic patients to a disabling deformity that pro-
duces severe postural and gait disturbances, pain, and neuro-
logic impairment affecting the lower extremities, bowel, and
bladder. Just as the presenting symptoms can vary, so does
the radiographic severity of the slip, which ranges from a
few millimeters of anterior displacement to complete dislo-
cation of L5 anteriorly over the sacrum (termed spondy-
loptosis). There is much continued controversy over the
surgical treatment alternatives in severe cases. Because of
the complexity of treatment, it has become important to
have a classification system to help define the pathology and
natural history of the various forms of spondylolisthesis to
direct the treatment of this condition.

CLASSIFICATION

Neugebauer first divided spondylolisthesis into congenital
or acquired types in 1880." Capener followed, separating
patients with spondylolisthesis into two groups: cases in
which there is fracture of the pars interarticularis (termed
spondylolysis) and the slippage of the vertebra occurs
through the fracture and cases in which the pars is not
fractured but elongated and the abnormal anatomy of the
spine allows for forward slip.” This principle has led to
the commonly used classification described by Wiltse and
colleagues.”™® They divided spondylolisthesis into five types
based on the radiographic findings and age at presenta-
tion:

Type I: Dysplastic (also known as congenital or develop-
mental). This type is characterized by an anatomic predispo-
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sition to slip because of abnormalities in the L5-S1 artic-
ulation. There may be an intact pars interarticularis or
elongation of the pars to allow forward slippage. Lysis of
the pars may be present because of the abnormal stresses
that the congenital vertebral malformations of the facet joint
place on it.

Type II: Isthmic (also known as spondylolytic). This form
is characterized by a stress fracture through the pars interar-
ticularis, with forward slippage occurring through the frac-
ture so that the posterior elements of the fractured vertebra
are left in situ.

Type III: Degenerative. This type presents in adulthood
and is associated with segmental intervertebral instabil-
ity.

Type IV: Posttraumatic. This form is characterized by an
acute fracture following an episode of trauma resulting in
forward slippage of the caudal vertebra by displacement of
the fracture site.

Type V: Pathologic. This type is characterized by attenua-
tion of the pars from a generalized or localized bony patho-
logic process. Examples include osteogenesis imperfecta,
osteopetrosis, or connective tissue diseases such as Ehlers-
Danlos syndrome.

The discussion in this chapter is limited to Wiltse types
I and IL

Marchetti and Bartolozzi have further modified the
Wiltse classification.”® They subdivide type I slips into a
high dysplastic spondylolisthesis that results in lumbosacral
kyphosis and a low dysplastic type where the slip is purely
translational, the vertebral endplates remain relatively paral-
lel, and there is no associated kyphotic deformity. The differ-
entiation of these two types has implications for the potential
for slip progression, the risk of neurologic involvement, the
choices for surgical treatment, and sometimes the rate of
healing following surgical fusion.”

Dysplastic Spondylolisthesis (Wiltse type I). The dysplas-
tic form of spondylolisthesis occurs only at the L5-S1 level
and is due to a primary congenital dysplasia of the L5-S1
facet joints (Fig. 13—1). Its congenital nature is supported
by the fact that it is most often associated with spina bifida
occulta of L5 and/or S1. The anatomic incompetence of this
facet joint allows the slipping (listhesis) to begin. Without
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FIGURE 13-1

B

A, Dysplastic spondylolisthesis. The L5-S1 facet is congenitally dysplastic. Listhesis has occurred in

conjunction with subluxation of the L5-S1 facets. This patient presented in neurologic crisis from severe listhesis
without a pars elongation or defect. B, When the L5 body is displaced well forward of the sacrum, it is projected on

an AP radiograph as an upside-down “Napoleon’s hat.”

lysis or elongation of the pars, such forward vertebral slip-
ping beyond 25 percent would almost certainly produce
neurologic deficit as the posterior neural arch impinges on
the dura. In the absence of a pars defect, the dural constric-
tion may produce symptoms in childhood. Frequently the
patients remain asymptomatic until early adolescence and
the prepubertal growth spurt, when they present with severe
leg pain and hamstring spasm resulting in gait disturbances,
with or without back pain.*7685

In some cases, a pars defect is found along with the
congenitally abnormal L5-S1 articulation, differentiating
this form from the type II slip, where the L5-S1 articulation
is anatomically normal but a stress fracture occurs in the
pars and the slip migrates by displacement of the stress
fracture. When there is an isthmic defect in a dysplastic slip,
or when elongation of the pars is sufficient not to constrict
the cauda equina, the displacement can become quite severe
without neurologic sequellae, since the dural sac is not im-
pinged by the posterior elements.

Dysplastic spondylolisthesis is reported to be more com-
mon in females and has an increased incidence in first-
degree relatives of patients, suggesting a genetic etiology that
results in the congenitally incompetent facet.*

Isthmic Spondylolisthesis (Wiltse type II). The isthmic
type of spondylolisthesis is a more common and a more
benign form that rarely produces significant neurologic
findings or gait disturbance (Fig. 13-2). The incidence of
the pars stress fracture, or spondylolysis, has been reported
to be 4.4 percent at age 6 years and 6 percent at age 18 years,
indicating that stress fractures of the pars interarticularis
are fairly common.* Spondylolysis is most prevalent at L5,
accounting for 87 percent of all stress fractures, followed by
lysis at L4 (10 percent) and L3 (3 percent).” There is a
familial tendency toward isthmic spondylolisthesis**!2113313
and a racial predisposition to stress fracture: the incidence

is low in the black population and extremely high in the
Eskimo population.?"1" Tt has been estimated that the
incidence of isthmic spondylolisthesis stabilizes in adult-
hood, during which the degenerative type of spondylolis-
thesis predominates.

Mechanical causes have been described in the production
of pars defects. The pars region is the weakest area of the
neural arch, making it susceptible to fatigue fracture.” Histo-
logic analysis of fetal and stillborn vertebrae have identified
uneven trabecular bone formation and cortical irregularity
of the pars interarticularis in the lower lumbar vertebrae as
a result of irregularities in the development of the ossific
nucleus.'” This histologic peculiarity may act as a stress riser
in lower lumbar vertebrae.

Pars defects have not been observed in newborns or
nonambulatory patients, and pars lysis or elongation does
not occur in primates that do not have upright bipedal
gait."” The presence of lumbar lordosis, which is unique to
humans, is thought to be necessary for spondylolisthesis to
occur. Both flexion and extension forces have been impli-
cated in the production of these stress fractures.”” The
increased incidence of isthmic spondylolytic defects in ath-
letes who perform repetitive lumbar hyperextension (e.g.,
gymnasts,” football linemen,'” pole vaulters, cricket bowl-
ers) confirms that a repetitive hyperextension activity is a
leading cause of the L5 stress fracture. Spondylolisthesis
occurs more frequently if L5 has short transverse processes
and is high riding relative to the iliac crest. This susceptibility
to spondylolisthesis may occur because the L5 vertebral body
is hypermobile when it is not anchored deeply in the pelvis
with strong ligaments attached to longer transverse pro-
cesses, 8047

An isthmic spondylolysis in an adolescent can progress
to a listhesis as a result of shear forces present during upright
gait. An anterior force on L5 is produced, increasing as the
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FIGURE 13-2 A, Isthmic spondylolysis, beginning as a stress fracture of the
pars. B, Progression of the anterior translation of L5 due to mechanical forces
(axis of body weight and extension produced by posterior musculature) in a
growing child. C, Lateral radiograph in a 4-year-old child with back pain. There
is a pars defect and 13 percent listhesis. D, Bone scan demonstrating unilateral
“hot” lysis on the left. E, SPECT scan demonstrating same active lysis. F, Although
orthotic management eliminated the symptoms, the listhesis increased to 29 percent
over 4 years. Observation continues.
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spine is flexed. The posterior muscle attachments that act
on the laminae and spinous process hold this part of the
neural arch in place and thus tend to separate or distract
the spondylolysis further. With strong anterior deflection
forces, a slip between the sacral apophysis and end-plate
may also rarely occur, allowing anterior translation and
rotation of the slipping vertebra.'” Thus, an isthmic spondy-
lolysis in a growing child can progress to a significant spon-
dylolisthesis, even in the absence of congenital dysplasia of
the lumbosacral facets.

Other Types of Spondylolisthesis. Degenerative spondy-
lolisthesis, which occurs in adults, will not be discussed in
this chapter. Similarly, traumatic spondylolisthesis, a rare
condition resulting from significant spinal trauma, is more
appropriately discussed under the management of spinal
injuries. Pathologic spondylolisthesis is treated in the same
fashion as a nonpathologic spondylolisthesis of the same
grade and severity,” with the treating surgeon realizing that
the underlying bone pathology may make pseudarthrosis
more likely and treatment failure more frequent.

CLINICAL PRESENTATION

The age at presentation is probably the most important
determinant of symptoms and the need for treatment. Both
dysplastic and isthmic spondylolisthesis can show up in
childhood and adolescence, with the dysplastic type usually
becoming evident at an earlier age (owing to greater insta-
bility of the lumbosacral junction, which results in lower
extremity neurologic symptoms). Children may present
without pain but with deformity and gait abnormalities
from lumbosacral instability as the only neurological signs.”
Asymptomatic spondylolyses are common and, if symptom-
atic, usually manifest with low back pain only. This is not
surprising considering that the lysis produced by stress frac-
ture in, for example, the adolescent gymnast produces no
slippage and hence no neurologic risk. Pain may radiate
to the buttocks and posterior thighs from mechanical insta-
bility, and it is usually aggravated by flexion and exten-
sion activities. Mechanical low back pain symptoms are al-
ways a cause for suspicion in a child or adolescent and
mandate radiography, especially in a susceptible athlete or
dancer.

Physical examination of the spine may actually be normal
in spondylolysis or a low-grade (less than 50 percent) lis-
thesis. If a spondylolisthesis is present, a palpable step-off
at the lumbosacral junction may be present, and back pain
may be elicited by standing hyperextension stress. As the
degree of listhesis increases, more obvious physical findings
can be appreciated, including a postural disturbance of
flexed hips and knees combined with sacral prominence
posteriorly and hyperlordosis proximal to the slip. Ham-
string tightness, thought to be due to lumbosacral instability
and subsequent rotation of the sacrum into a more vertical
position rather than to actual nerve root or dural impinge-
ment,” may cause a distorted gait owing to the individual’s
inability to take a normal stride. The individual may also
have to walk on tiptoes because of the flexed hip and knee
positions (Fig. 13-3). In a severe disturbance, the individual
may actually walk sideways in a bizarre fashion because the
hamstrings are so tight that no forward stride can be taken

at all. Straight-leg raising with the patient supine on an
examining table may be dramatically limited. Because of the
vertical position of the sacrum and pelvis, a backward pelvic
tilt and an abdominal crease may be obvious cosmetic com-
plaints, with the prominence of the sacrum posteriorly pro-
ducing the so-called “heart-shaped” buttocks. Because of
hamstring tightness, forward bending will probably be lim-
ited in such a circumstance, and an olisthetic scoliosis pro-
ducing marked spinal decompensation with hyperlordosis
can be observed (Fig. 13-3). This type of scoliosis is often
rigid, having been produced by the irritative phenomenon
of the slip, and is a measure of how severe the spondylolis-
thetic crisis has become.

Neurologic evaluation of the lower extremities may un-
cover an actual L5 or S1 root weakness. This may include
a motor weakness or the loss of an ankle jerk reflex. Bowel
and bladder function must be evaluated by history, including
questions about incontinence but also about decreased fre-
quency of urination, for example. Sacral sensation and rectal
tone are important evaluations of cauda equina function.
Any patient who is to undergo surgical treatment must have
these functions evaluated preoperatively.”'™ If the patient
reports infrequent urination, bladder capacity should be
determined by cystometrography and urologic consultation.

RADIOGRAPHIC FINDINGS

The diagnosis of a spondylolysis or listhesis is made from
a single standing spot lateral radiograph of the lumbosacral
junction (Fig. 13—4). A standing radiograph is emphasized,
to measure both displacement and the true angulation of
the lumbosacral junction if present.”* Although other radio-
graphic features have been described, it is the degree of
translational displacement and the amount of lumbosacral
kyphosis, as measured by the slip angle, that determine the
course of treatment.

A unilateral pars defect may be difficult to see on a single
lateral plain film. In such an instance, oblique radiographs
should be obtained. Proper positioning is confirmed by easy
outlining of the “Scotty dog” head and neck (the articular
processes superior and inferior, and the pars in between) at
levels adjacent to the level of interest (Fig. 13—4B). The
oblique views may show the defect, elongation, or sclerosis
suggestive of a chronic stress reaction. A defect that is wide
and has a smooth edge suggests a longstanding chronic
lesion, whereas an irregular edge suggests a more acute
process. If the clinical situation suggests acuteness, such as
a recent injury producing back pain, then a bone scan or
single-photon emission computed tomograph (SPECT) may
be “hot,” confirming an acute lesion (see Fig. 13-2). In
these recent “fractures,” an attempt to heal the lesion by
external immobilization is justified. CT is occasionally neces-
sary to diagnose occult pars lesions that cannot be visualized
on plain films (Figs. 13—4D to F). Thin, 1.5-mm sections
are recommended to observe the lysis. CT scans with three-
dimensional reconstruction can be useful in a severe dysplas-
tic spondylolisthesis in a preoperative evaluation to charac-
terize the pathologic anatomy more precisely.

Disk herniation in association with spondylolisthesis has
been reported in as many as 25 percent of cases at the next
level above the slip, and in 15 percent at the level of the
listhesis itself.”” Magnetic resonance imaging (MRI) may
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Hamstrings

FIGURE13-3 A, Postural disturbances—hyperlordosis, hip and knee flexion, equinus—from severe spondylolisthesis.
The hamstrings exacerbate the flexion rotation of the pelvis, producing a vertical sacrum, while the psoas flexes the
spine, displacing L5 forward. B to D, Olisthetic scoliosis with hyperlordosis in a 12-year-old girl with nearly 100 percent
listhesis as seen on MRI. The scoliosis is characterized by a severe trunkal shift without concomitant rotation or

vertical wedging.
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FIGURE 13-4 A, Standing spot lateral radiograph showing a defect in L4 pars. B, Oblique radiograph. The intact
“neck” of the scotty dog at L3 is compared to the defect in the pars of L4, C, Contralateral oblique radiograph obtained
at the same level. Stress fractures are equivocally seen at L3 and L4.

therefore clarify the clinical picture in the patient with L5
radicular symptoms and minimal listhesis, or in the patient
with radicular symptoms not correlating with the level of
the slippage. MRI is also useful to rule out other causes of
lumbosacral dysfunction, such as tumor or infection, and
may also demonstrate a slipped vertebral apophysis if
present.

The radiographic parameters of deformity in spondylo-
listhesis help to define the severity of the condition and the
need for treatment. The degree of anterior translation—the
displacement of L5 on S1—is measured by the method of
Taillard (Fig. 13—5A)," or it can be described by the classic
Meyerding grades (Fig. 13—5B).* The lumbosacral kyphosis,
or sagittal rotation, is measured by the slip angle (Fig.
13-5C). It is important to construct the slip angle from the
tangential line of the upper end-plate of L5, because the lower
end-plate of L5, the site originally described by Boxall,” is
almost always deformed and rounded by the process of
slipping, and furthermore often cannot be identified on a
postoperative radiograph when fusion has occurred either
spontaneously or surgically. The cephalad end-plate of L5
is consistently present and undeformed and thus should be
used for this measurement. The body of L5 may become
trapezoidal in shape, a response to impression by the dome
of the sacrum, and such distortion points to a more severe
deformity. The sacrum may be rotated toward a vertical
position, which is described by the sacral inclination, the
angle between a vertical line and the same line paralleling
the posterior edge of the proximal sacrum used to measure
the slip angle (Fig. 13—5C). Of course, besides an apprecia-
tion of the deformity, the standing lateral radiograph must be
carefully inspected in a case of spondylolisthesis to determine
whether the pars interarticularis is elongated or actually
fractured (see Figs. 13—1A and 13-2A).

Because of the lumbosacral kyphosis, a standing or even
supine anteroposterior (AP) radiograph of the sacrum will

be difficult to interpret because of the superimposition of
L5 and the sacrum (“Napoleon’s hat” sign) (see Fig. 13—1B).
To eliminate this superimposition, to evaluate spina bifida
occulta, and, most important, to evaluate the quality of the
postoperative fusion mass accurately, a Ferguson view of
the sacrum is recommended. The Ferguson view is an outlet
view of the pelvis and thus shows the L5 and S1 bodies in
their true AP position.”

PROGNOSIS AND NATURAL HISTORY

Once the diagnosis of spondylolisthesis or spondylolysis has
been made, the risk of progression is the most important
determinant of treatment. The age of the patient probably
ranks foremost in determining whether observation, nonop-
erative management, or immediate surgical stabilization is
appropriate. The younger the patient and the greater is the
growth potential, the greater is the risk that progression
of the deformity will occur. The adolescent growth spurt
continues to be the main period of risk, as significant pro-
gression of either translation or kyphotic deformity is un-
common after maturity in a mild (less than 50 percent slip)
deformity.'™ Other indicators of prognosis include repeated
episodes of symptomatic pain, hamstring spasm, and a pos-
tural deformity or gait disturbance. These symptoms suggest
displacement and instability that is unlikely to respond long
term to a nonoperative course.

Radiographically, the presence of a dysplastic listhesis is
very significant. Patients with dysplastic L5-51 facets must
be followed closely for progression in the unusual circum-
stance in which the diagnosis is made before significant
deformity and symptoms have developed. Such findings as
a dome-shaped and vertical sacrum, a trapezoidal L5, and
a kyphotic slip angle are all indicators of a high-grade dys-
plastic deformity that is more likely progress.™™ On the
other hand, a sclerotic buttress on the anterior edge of the
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FIGURE 13-4 Continued. D and E, To
confirm the pars defect(s), CT scans of both
levels were obtained. L3 is normal, while L4
clearly has bilateral pars reactions indicating
stress fractures. F, A sagittal reconstructed
image clearly demonstrating an L4 lesion and
normal L3 pars. F

sacrum suggests a more stable L5-S1 articulation with an
element of spontaneous ankylosis, a much less sinister radio-
graphic finding. Similarly, isthmic listhesis (acquired) with-
out dysplastic changes should progress little.

The natural history of untreated spondylolisthesis is fairly
satisfactory, although patients often have impairment. Har-
ris and Weinstein in an 18-year (average) follow-up of un-
treated spondylolisthesis greater than 50 percent noted only
mild symptoms in the majority of patients, although 36
percent reported an influence on their job choice and 45
percent avoided heavy lifting.”" Most noted some limitation

in recreational activities. Only mild progression of the lis-
thesis occurred, and symptoms were significant in only one
of 11 patients. In lower-grade slips (<30 percent), progres-
sion is unexpected unless the patient is immature,” and
even then progression occurs rarely in isthmic (acquired)
defects.” Conservative treatment of low-grade slips has been
reported to yield the same results as operative treatment,*'""
and in general progression of listhesis is mild and has no
correlation with later symptoms on long-term follow-up.
Thus, prophylactic treatment of the lower-grade spondylo-
listhesis to avoid later progression of slip does not, in general,
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FIGURE 13-5 A, The percentage of forward slip A/B, described by Taillard. B, Meyerding grades I-IV. The degree
of spondylolisthesis is determined by dividing the sacral body into four segments. Grade V is a complete spondyloptosis.
C, The slip angle measured from the superior border of L5 and a line drawn perpendicular to the posterior edge of

the sacrum.

appear to be justified, especially when a low incidence of
progression is expected.*'™ While patients with spondylo-
listhesis may have disk degeneration and other low back
impairment as adults,"'"" such problems do not appear to
be due to progression of the deformity, which in some series
is not altered by the presence of a fusion in situ. The data
on the effectiveness of surgical treatment in preventing long-
term progression are confounded by the fact that technically
questionable posterior fusions were performed in many of
the patients in whom longer follow-up was available. The
controversy surrounding the need for more aggressive treat-
ment in higher-grade spondylolisthesis, such as circumfer-
ential fusion and/or reduction of the listhesis, stems from
the either favorable or unfavorable interpretation of the
long-term studies of natural history and of the results of in
situ posterior fusion.'*!7#6:11

TREATMENT

Spondylolysis. The symptomatic patient with spondylo-
lysis without listhesis requires treatment for transient me-
chanical low back pain. A large number of patients will be
asymptomatic, with a history of antecedent trauma in the
past or with the diagnosis having been made coincidentally
during investigation for other problems (e.g., scoliosis). An
asymptomatic patient needs no treatment and, if more than
10 years old, probably needs no follow-up either to check
for progression to a listhesis. No restrictions on activity are
necessary, but if the patient is younger than 10 years the
possibility of progression should be raised and the patient
counseled to return for reevaluation should symptoms oc-
cur. It has been our experience that patients with spondylo-

lysis or minimal listhesis who are asymptomatic do not
need regular follow-up to check for progression, because
progression of deformity will uniformly be accompanied by
the onset of symptoms.

In the patient with symptomatic spondylolysis, the level
of treatment may depend on the determination of whether
the stress fracture is acute or relatively chronic. As men-
tioned earlier, routine radionucleotide scintigraphy or
SPECT may be useful to determine the chronicity of the
Iytic defect, and if the bone scan is “hot” (Fig. 13-2), immo-
bilization of the lumbosacral junction with a TLSO brace
or a cast may be attempted in an effort to heal a lytic defect.
With recent attention to the early diagnosis of so-called
stress injuries of the pars, thought to be a prodromal event
occurring before plain radiographs show an actual lysis,
SPECT has proved to be the most sensitive diagnostic test
for presumed impending spondylolysis. Rest and immobili-
zation appear to prevent progression to a pars defect if
instituted on discovery of a hot SPECT scan but prior to
actual radiographic lysis.” On the other hand, documenta-
tion of healing of an acute spondylolytic defect by this tech-
nique is lacking, and it is our impression that such defects
rarely heal solidly with nonoperative external immobiliza-
tion. But, in the patient with severe back pain, external
immobilization for a period of 3 to 6 months may be the
most effective way to resolve symptoms. Curtailing inciting
activities is probably the main issue in patients with symp-
toms related to athletics. Although abdominal and back-
strengthening exercises are often prescribed, most adolescent
athletes are already in excellent physical condition, and ab-
dominal and back musculature-strengthening exercises are
superfluous. The mainstays of treatment—rest, avoidance



of inciting activities, use of anti-inflammatory pain medi-
cines, and use of a brace in an extreme situation—usually
allow an acute symptomatic spondylolysis to resolve.®*>!%

Once the patient is asymptomatic, a full return to all
activities without restriction is permitted. Follow-up is un-
necessary unless symptoms recur. Should symptoms recur
after return to a higher level of activity, two treatment op-
tions must be discussed with the patient: abandonment of
the activity that produces symptoms, or possible surgical
treatment, either to repair the lytic defect or to eliminate
movement at the spondylolytic segment with a one-level
fusion.

Direct repair of the lytic defect is indicated when nonop-
erative measures do not prevent the recurrence of symptoms
on return to activity. The obvious advantage of direct repair
is that it obviates fusion, and theoretically would produce
less morbidity in the short and long term. Prerequisite to
defect repair is ensuring that disk herniation or other pathol-
ogy (osteoid osteoma, apophyseal avulsion) is not pres-
ent."™'® Several methods of direct pars repair have been
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reported, including screw fixation** across the defect, com-
pression wiring®” between the transverse process and the
spinous process (Fig. 13—-6A),"**'¥ and combinations of
pedicle screw and laminar hook constructs.”®!%* Radio-
graphic union can be achieved in 80 to 90 percent of patients
with appropriate indications, with 80 percent good or excel-
lent clinical results.'*!®? The direct repair of the pars is
probably best suited to a lytic defect of L4 or above, as
limited L5-S1 fusion for an L5 defect carries little mor-
bidity or loss of motion. Repair of a spondylolytic defect
may be destined to fail clinically if there is any preopera-
tive evidence of disk degeneration at this level; thus, MRI
evaluation of the involved disk is mandatory prior to per-
forming a spondylolytic repair at this level. Direct repair is
also more likely to succeed in the patient under 30 years of
age."***!% The advantage of a wiring technique is that the
implant takes up little space, and thus the pars defect may
be thoroughly curetted and debrided and the lamina, trans-
verse process, and spinous process thoroughly decorticated
prior to bone grafting the defect and tightening the com-

FIGURE 13-6 Direct repair of spondylolysis. A to C, Lateral and
oblique radiographs of L4 lysis in a 16-year-old boy. Treatment
was by compression wiring and bone grafting.

Tllustration continued on following page
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pression wire. However, the strength and stiffness of wire
have proved suspect in mechanical studies,” which have
shown that such a tension-band technique is loaded only
in flexion. Because extension forces produce pars failure,”
the biomechanical soundness of the wiring technique has
been questioned.”¥” More effective compression across the
defect can be achieved by the pedicle screw-laminar “claw,”
with increased stiffness and fatigue resistance arising from
the solid rod connecting the two points of fixation.”!? Un-
fortunately, healing of the pars defect cannot be assessed
radiographically due to the volume of metal in the screw-
claw technique, so that removal of the constructs is necessary
to assess healing.

FIGURE 13-6 Continued. D to G, Radiographs obtained
18 months postoperatively. The pars defects have healed
and the patient is without symptoms, but is less active
than before presentation.

Low-Grade Spondylolisthesis (<50 Percent Slip). Low-
grade spondylolisthesis may be treated in similar fashion as
spondylolysis without slip, with one important exception or
caveat: The presence or absence of dysplastic features should
be determined as accurately as possible at the outset, as it
may impact prognosis.”*** Age at onset, with children less
than 10 years old being at increased risk in general, must
also be taken into consideration.

An asymptomatic patient with an isthmic (acquired)
spondylolisthesis of low grade and without dysplastic charac-
teristics needs no active treatment. Follow-up is probably
necessary only if symptoms arise, since further slipping will
not occur without the appearance of symptoms. Patients



less than 10 years old can be followed at 6-month intervals
radiographically for maximum surveillance, with regular
follow-up abandoned if the patient reaches near-pubertal
status (age 11 for girls, age 13 for boys) without evidence
of progression. The situation changes, however, if dysplastic
changes occur, especially in the under-10 age group. Close
follow-up is recommended, and if any lumbosacral kyphosis
is present or develops, an argument can be made that pro-
phylactic fusion should be performed.” This is particularly
indicated in patients with listhesis without lysis, because of
the increased possibility of neurologic deficit from forward
slippage and constriction of the cauda equina.'”'® Prophy-
lactic fusion is also gaining acceptance due to the fear of a
low-grade spondylolisthesis becoming a high-grade dysplas-
tic spondylolisthesis once a spondylolytic defect occurs in
the previously elongated pars. If the patient has presented
with a low-grade dysplastic deformity, the surgeon must
follow the patient closely and perform fusion early for any
progression, especially if kyphosis (i.e., high dysplastic) de-
velops.

The unique pathology associated with dysplastic spondy-
lolisthesis without lysis often results in encroachment on
the cauda equina, producing incapacitating back and leg
pain and often neurologic deficit. Once such symptoms have
occurred, nonoperative treatment is rarely successful.***
Thus, whereas asymptomatic patients with low-grade dys-
plastic listhesis can be observed, operative treatment may
be indicated earlier in high-risk patients (those with juvenile
onset or evidence of progression). Dysplastic spondylolis-
thesis without lysis is significantly more likely to require
surgical treatment than isthmic spondylolisthesis with a slip
of the same magnitude.®'”

Patients with isthmic, acquired spondylolisthesis who are
symptomatic can frequently be successfully managed non-

CHAPTER 13—Other Anatomic Disorders of the Spine * ** 361

FIGURE 13-6 Continued. H and I, Alternative method using pedicle screws
as wire anchors instead of looping around the transverse process. Same patient
H as in Figure 13—4.

operatively.**!1"1%0 Ag with spondylolysis without slip, about
60 percent of patients will become asymptomatic nonopera-
tively and as many as 83 percent will be asymptomatic on
long-term follow-up.” Return to full activities depends on
resolution following exercises and spine-stabilizing tech-
niques”” and is frequently possible, although the athletic
adolescent must be carefully educated concerning identifi-
cation of recurrent symptoms and the need for prophylactic
spine exercises for the indefinite future. Should symptoms
recur despite maximum physical therapy and nonoperative
protection, the adolescent must choose between abandoning
the provocative activity or undergoing surgical treatment,

Indications for surgical treatment for low-grade isthmic
spondylolisthesis include intractable or recurrent pain, neu-
rologic symptoms, including persistent radiculopathy, and
the development of slip progression and more sinister neu-
rologic findings such as gait and postural abnormalities and
cauda equina symptoms. For a low-grade spondylolisthesis
with or without lumbosacral kyphosis, the standard surgical
treatment is in situ fusion, performed via a Wiltse paraspinal
approach,” with autogenous bone graft placed between the
transverse processes of L5 (or sometimes L4) and the sacral
ala. Although no prospective randomized trials comparing
surgical treatment to nonoperative treatment have been per-
formed, most retrospective reviews indicate that in symp-
tomatic patients in whom nonoperative treatment fails, in
situ posterolateral fusion improves the natural history by
eliminating pain and in most cases stabilizes both the radio-
graphic and the neurologic situation.

Perioperative assessment should always include evalua-
tion of cauda equina function, including a rectal examina-
tion for sacral sensation and sphincter motor tone.'” It is
recommended that the same examiner who assesses the pa-
tient preoperatively be available postoperatively if any ques-
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tion of cauda equina problems arise, to detect partial loss
of sphincter tone.” The surgical procedure itself is per-
formed after carefully placing the patient in the prone posi-
tion on chest rolls only, as there is evidence that cauda
equina syndrome is more likely to occur on a frame that
does not support the abdomen due to relaxation of muscle
and ligament structures under anesthesia, with further for-
ward slipping occurring as the abdomen hangs free between
posts of the frame.'™ Although root or dermatomal monitor-
ing may alert the surgeon to cauda equina dysfunction, it has
been our experience that routine SSEP monitoring during in
situ fusion does not detect evolving cauda equina complica-
tions.

The operative technique follows the classic method de-
scribed by Wiltse."** A midline skin incision is used. Two
paramedian incisions in the fascia approximately 5 cm lateral
to the midline are made to split the paraspinous muscles
bluntly and approach the articular facets and transverse
processes from a more lateral direction (Fig. 13-7). The
bony elements of the sacral ala and the facet joints of L5-S1
are exposed from lateral aspect to medial, with midline
ligamentous structures being retained for stability. Exposure
of L4 should be avoided unless fusion to that level is desired,
and should not be necessary for most low-grade slips. The
L5 segment should be exposed from the tip of the transverse
process to halfway up the base of the spinous process if
present. The sacral ala should be exposed in a subperiosteal
plane as anteriorly as possible, as the more anterior the
bone graft can be placed, the more it is under compression.
Decortication of the sacral ala and the facet and transverse
processes of L5 (and L4) is best accomplished with a high-
speed bur. Since pounding with a mallet may increase the
likelihood of a postoperative cauda equina syndrome, rou-
tine use of a gouge is not recommended when less traumatic
decortication is possible. Ample autogenous bone graft is
placed from the transverse process of L5 to the most anterior
area of the sacrum. A flap of bone from the ala can be raised
and turned toward L5 before the bone graft is placed. The
incision is closed with running sutures placed in the superfi-
cial lumbodorsal fascia bilaterally. Postoperative care varies
from no immobilization at all to a cast or TLSO. There
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FIGURE 13-7 The Wiltse muscle-splitting
approach.

is little evidence that immobilization increases the fusion
rate, %% but postoperative management of the patient
may be easier with some type of orthosis for comfort.
Destabilization of the midline structures is avoided by
Wiltse’s technique. Exposure of the loose L5 lamina through
a midline approach is unnecessary and in fact may be useless
to achieve fusion; exposure is only indicated when L5 is to
be removed for decompression or the pars defect is to be
repaired as part of the fusion procedure. The destabilization
produced by such exposure and removal may be responsible
in great part for the reported continued progression of slip
occurring after in situ fusion.!®®07%114 Although slippage
following in situ fusion is also related to the greater severity
of the slip and lumbosacral kyphosis, removal of midline
structures during posterolateral transverse process fusion
procedures mandates some form of postoperative immobili-
zation (cast) or recumbency to prevent further slipping
immediately postoperatively. Additionally, the advantage of
the Wiltse approach may be appreciated later, should de-
compression be needed because of persistent neurologic
symptoms.®” In this situation, the midline structures are
unaltered, and procedures such as the Gill laminectomy,
nerve root decompression with partial pediculectomy, and
sacroplasty are more easily performed through a midline not
previously violated by surgery. The results of intertransverse
process fusion show rates of 83 to 95 percent successful
fusion, with 75 to 100 percent excellent or good clinical
results. 0248105 T s because of these results that the bilat-
eral transverse process fusion of Wiltse has become the gold
standard operation for spondylolisthesis, especially in a low-
grade deformity with less than a 50 percent slip. In adoles-
cents and young adults with radicular symptoms (e.g., leg
pain), these symptoms frequently resolve simply by achiev-
ing a solid arthrodesis of the lumbosacral junction.* Decom-
pression for symptoms of spondylolisthesis is rarely indi-
cated or necessary in adolescents because of the likelihood
that symptoms will resolve after arthrodesis.'”®" Indica-
tions for decompression with the index procedure include
an objective motor neurologic deficit, not merely radicular

*See references 10, 54, 63, 64, 110, 111, 135, 136.



symptoms or tight hamstrings.’ Should cauda equina syn-
drome complicate an in situ fusion procedure, the recom-
mended management is immediate decompression by sa-
croplasty.®108

In the rare situation of objective motor deficit accompa-
nying low-grade listhesis preoperatively, decompression in-
cludes removal of the loose L5 lamina (Gill’s procedure),
but must not stop there. Appropriate decompression of
the L5 nerve root, for example, requires removal of local
hypertrophic callus and fibrotic tissue in the region of the
pedicle. This callus is the offending compressing material,
and mere removal of the loose L5 laminar segment is insuf-
ficient for this purpose. Thus, an extended Gill procedure
is required in this rare instance of decompression accompa-
nying fusion.”

Should decompression be performed as part of the index
procedure, a meticulous fusion that includes internal fixation
may be superior to an uninstrumented in situ fusion (Fig.
13-8). Normally decompression would be expected to desta-
bilize a spondylolisthesis, risking progression of an unpro-
tected in situ fusion. Decompression preceding fusion would
therefore commit the surgeon to either external immobiliza-
tion, probably recumbent, or internal fixation to maintain
position. Thus internal fixation, not to reduce but to stabilize
a decompressed spondylolisthesis, is indicated for in situ
fixation under these circumstances. Additionally, in an un-
cooperative patient (e.g., one with mental retardation or
autism) or in a patient with pathologic bone (e.g., os-
teogenesis imperfecta), internal fixation for stabilization of-
fers definite advantages over instrumented fusions.

The goal of in situ fusion is to obtain a solid fusion.
Surprisingly, several reports indicate that a satisfactory out-
come can be achieved even though the quality of the fusion
mass is suspect.” """ For this reason, radiographic evalua-
tion of the postoperative fusion mass is an important part
of evaluating the patient with incomplete resolution of
symptoms, to determine if an actual pseudarthrosis is pres-
ent, or whether the patient with a solid fusion should un-
dergo decompression. Fusion mass grading” must be done
on a Ferguson AP view postoperatively, and if a poor fusion
mass is seen, a significantly poorer result can be expected.®
On the other hand, if a solid fusion mass is noted, then
further evaluation with MRI to rule out disk herniation and
to evaluate dural effacement by the posterior edge of the
sacrum is indicated. Finally, recurrence of mechanical symp-
toms in the presence of a radiographically solid fusion should
raise the possibility of a new spondylolysis occurring at the
next cephalad segment to the fusion mass (Fig. 13-9).”

The overall results of in situ fusion for low-grade spondy-
lolisthesis are good to excellent in greater than 80 percent
of patients, regardless of the quality of the fusion mass.”>!"
The complications of pseudarthrosis and progressive slip
are much more likely in higher grade spondylolisthesis and
might be suspected following fusion for low-grade deformity
if symptoms persist.

High-Grade Spondylolisthesis (>50 Percent Slip). The
treatment of high-grade spondylolisthesis is perhaps one of
the most challenging in all of orthopaedics, with a great deal
of controversy surrounding the question of acute intraopera-
tive reduction of the deformity. As discussed in previous
sections, the discovery of an asymptomatic low-grade dys-
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plastic spondylolisthesis is unusual and fortunate. The dis-
covery of a high-grade dysplastic spondylolisthesis without
symptoms is almost unheard of, and while nonoperative
treatment, including observation, may be carefully at-
tempted in such an asymptomatic patient, it is very likely that
surgical treatment will be necessary, although not certain.”

The usual clinical presentation is difficult to mistake for
anything but severe spondylolisthesis: a patient with mark-
edly altered gait due to the tight hamstrings, with flexed-
hip, flexed-knee, and equinus positioning, a foreshortened
trunk with protruding abdomen and lower rib cage imping-
ing on the iliac crests, and significant hyperextension of the
thoracolumbar spine above the lumbosacral kyphosis (see
Fig. 13-3). Irritative, olisthetic scoliosis may also be present.
The patient is frequently in forward sagittal balance with
the C7 vertical axis falling well anterior to the anterior edge
of the sacrum. An objective neurologic deficit may be pres-
ent, but more likely the neurologic compromise is repre-
sented by the gait and postural abnormalities. As with any
spondylolisthesis presenting for treatment, determination of
cauda equina functions is essential.

Radiographically, not only is the translation greater than
50 percent, but lumbosacral kyphosis greater than 20 degrees
as measured by the slip angle will be present. In the most
severe case, the L5 body will appear to be falling off the
edge of the anterior sacrum, with trapezoidal deformity to
L5 and rounding off of the sacrum indicating the chronicity
of the process. Spondyloptosis, the end stage of the process,
exists when the L5 body lies in the front of the sacrum and
below a horizontal line from the top of the sacral dome.

The major treatment controversy revolves around the
need for reduction of the deformity in order to achieve the
goals of solid fusion, neurologic stabilization and resolution,
and prevention of later progression or recurrence. Few issues
are debated more frequently in the orthopaedic litera-
ture.'>**%% The more significant deformity, the lumbosacral
kyphosis, can be corrected by a variety of means, from
traction and corrective casting® to posterior instrumented
reductions with pedicle screw instrumentation? or the use
of sublaminar wiring.""” Proponents of reduction maintain
that the incidence of pseudarthrosis and slip progression are
decreased by the biomechanical restoration of lumbosacral
alignment, and that reduction may actually produce “ortho-
paedic decompression” of stretched nerve roots and
dura.™** Additionally, improved sagittal plane balance is
achieved if the reduction is maintained.” The controversy
arises from the fact that neither posterior in situ fusion nor
posterior acute reduction, with or without instrumentation,
gives consistently good results or can be accomplished with-
out significant risk of complications. Anterior methods of
fusion™'® and circumferential fusion} have also been pro-
posed as solutions to the progression or recurrence of defor-
mity that is reported following posterior treatment methods
in slips >50 percent. The selection of treatment of an indi-
vidual patient depends to a great extent on the experience
of the surgeon with a particular method and, more impor-
tant, on a consideration of postoperative complications in-
volving either progression of deformity, failure of neurologic
signs or symptoms to resolve, or new neurologic deficits.

*See references 11, 12, 17, 32, 76, 78, 106.
tSee references 3, 9, 29, 33, 49, 57, 71, 79, 116.
tSee references 12, 32, 51, 71, 82, 116, 125.
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FIGURE 13-8 A and B, Radiographic appearance in a 17-year-old patient with Down syndrome who exhibited pain
and weakness, and finally refused to walk on her left leg. Neurologic examination and imaging studies were inconclusive
for root compression (in part because of the patient’s retardation). The spondylolisthesis was low grade, and the
hyperlordosis presumably causing the pars defects (arrows in A) was thought to be contributing to the symptoms.
C and D, Midline decompression and root exploration was carried out, followed by internal fixation. The fusion was
thought to be solid 9 months postoperatively. Because of the underlying diagnosis, the patient was maintained in a
bivalved orthosis during this time. The patient recovered ambulatory function.



FIGURE 13-9 Radiographic appearance in an 18-year-old man who re-
presented with the new onset of back pain 3 years after successful L5-51
fusion for low-grade spondylolisthesis. An L4 stress fracture can be seen
above the fusion mass.

In Situ Fusion. Posterolateral in situ fusion without de-
compression remains a valid option for most patients, par-
ticularly as an index procedure (Fig. 13—-10). Numerous
reports* have documented satisfactory results from in situ
L4-S1 fusion in respect to relieving symptoms and restoring
normal activity, and this has been achieved without signifi-
cant morbidity, thus discounting some of the proposed ben-
efits of reduction. Gait abnormalities, including the flexed-
hip/flexed-knee posture, resolve after surgical stabiliza-
tion.'”

Proponents of reduction cite the increased risk of pseud-
arthrosis or progressive slip as the major drawback to in
situ treatment. As with lower-grade slips, pseudarthrosis by
itself does not condemn the patient to a poor outcome, but
a poor outcome is more likely with a frank nonunion.™##
The reported incidence of pseudarthrosis is variable, ranging
from minimal and none*”'%% to 25 to 45 percent.'®7%#%
Similarly, progressive L5 translation and lumbosacral ky-
phosis have been mentioned as frequent problems follow-
ing in situ fusion, although the reports of nonprogres-
sion**!9%%% are generally reassuring. There are also reports
of radiographic progression in which clinical outcome does
not necessarily suffer.?”*811L14 To resolve this debate, and
achieve solid arthrodesis with in situ technique (to decrease
morbidity), circumferential in situ fusion' may produce
the best result of all with the least morbidity, by achieving
a 100 percent fusion rate, eliminating progression due to
anterior column support, and avoiding neurologic compli-
cations due to acute reduction. Thus, the need for reduction
of high-grade spondylolisthesis remains controversial,”
since the performance of reduction must result in a higher
fusion rate and elimination of slip progression to justify the
higher morbidity and complication rate. Partial reduction
with circumferential fusion is another alternative reported
to achieve solid fusion without neural deficit and to restore
the sagittal balance.”

*See references 24, 41, 51, 54, 60, 63, 88, 93, 111, 135.
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In the adolescent with high-grade dysplastic spondylo-
listhesis, the reducibility of the lumbosacral kyphosis and
the degree of translation should be evaluated preoperatively
by hyperextension radiographs obtained with the patient
positioned over a bolster. If reduction of translation is satis-
factory and reduction of the slip angle is achieved by simple
hyperextension, then an in situ fusion is most attractive,
followed by casting to maintain the reduction.’s!% Al-
though Burkus and colleagues reported no long-term func-
tional or cosmetic differences in patients treated by in situ
fusion and cast reduction versus fusion alone, these authors
did achieve radiographic maintenance of correction with
improved sagittal balance and thus avoided late progression
of deformity with casting. Cast application is usually per-
formed several days postoperatively following the in situ
fusion and is best done with the patient awake so that
neurologic function can be monitored during reduction ma-
neuvers. Reduction includes hyperextension of the lower
extremities and pelvis combined with anterior translation
of the sacrum, usually by a posteriorly placed, anterior-
ly directed force (pelvic slings, pressure localizers) (Fig.
13—11).7%1% QObviously, such cast application requires an
experienced cast application team with appropriate Risser
table, and the patient must be prepared for a period of up
to 9 months—4 recumbent in a double pantaloon cast—in
order to maintain reduction by such external position-
ing‘32.!06
INSTRUMENTED REDUCTION. The pseudarthrosis rate for in situ
fusion has been reported to be 20 to 45 percent,'™* and
progression of listhesis in spite of “solid” fusion occurs in
up to 26 percent of patients.!*V7#81LI Reduction of the
spondylolisthesis, internally fixed by instrumentation, is at-
tractive for the deformity improvement obtained, with resto-
ration of trunk height and sagittal balance, but is more
important for the maintenance of correction and presum-
ably a higher rate of fusion. The benefit to the patient in
not being immobilized in a pantaloon spica cast for several
months is also self-evident, and if the reduction can be
achieved without resorting to preoperative halo-femoral
traction,' so much the better.

Harrington and Tullos* first proposed instrumented re-
duction with posterior Harrington rods from L1 to the sacral
ala combined with posterolateral L4-S1 fusion. In spite of
the relative length of the instrumentation (the entire lumbar
spine), loss of reduction occurred when immobilization was
discontinued. Thus DeWald et al”’ concluded that anterior
fusion of at least L5—-S1 was also necessary. They noted that
posterior fusion alone was inadequate because of deficient
posterior elements at this level and a fusion mass under
tension due to lumbosacral kyphosis in their series. The
Harrington rods were removed 6 to 12 months later, with
maintenance of reduction and no slip progression from late
remodeling. One of 14 patients, however, suffered a cauda
equina syndrome, requiring abandonment of the instru-
mented reduction and fusion in situ, with complete neuro-
logic recovery. DeWald and co-workers concluded that res-
toration of normal anatomy with circumferential fusion of
the listhetic level was required to prevent pseudarthrosis
and late slip progression, and established the validity of the
instrumented reduction technique. They also emphasized
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FIGURE 13-10 A, Lateral radiograph of grade V spondylolisthesis (spondyloptosis). B. The patient (same patient
as in Figure 13—1B) was unable to stand with the right knee extended, owing to severe right hamstring spasm. Note
the drop of the pelvis on the right. C, Marked olisthetic scoliosis and limitation of forward bending preoperatively.
D, She underwent in situ posterolateral fusion. Within 6 months, symptoms were dramatically improved. At 12 years
postoperatively, her fusion is solid. Note the improved slip angle occurring spontaneously with fusion in situ only.
E and F, Excellent mobility 12 years postoperatively. The patient is asymptomatic.

the difficulty and complexity of the procedure and its neuro-
logic risk.

For this reason, reduction of the spondylolisthesis before
surgical treatment has been attempted by several methods.
Halo-femoral traction (skin or skeletal) with additional pel-
vic slings to translate the sacrum anteriorly has been re-
ported."* This technique realizes reduction slowly with
awake neurologic monitoring. When reduction is satisfac-
tory, a cast is placed to maintain position in a pantaloon/

Risser cast, and then fused in situ posteriorly, or anteriorly/
posteriorly, operating through a window or after bivalving
the cast. Patients remain casted and recumbent for up to 4
months postoperatively.

Alternatively, Scaglietti and Marchetti perform reduction
by serial casting over a period of weeks and then stabilize the
reduction by fusion. Marchetti prefers anterior stabilization
with bone graft and interbody screw fixation.”*!%

Neurologic complications of reduction by traction or



casting are minimal, and these methods appear to be safer
than instrumented reduction, if far more uncomfortable for
the patient. With the use of anterior grafting complementing
posterior or posterolateral fusion, there is a negligible pseud-
arthrosis rate. Earlier reports of reduction without circum-
ferential fusion showed a high incidence of pseudarthrosis
and further slippage.'>'*%

Distraction instrumentation flattens lumbar lordosis,
which is an undesirable result for any corrective maneuver
in the spine, especially if the lordosis is compensatory for
a lumbosacral kyphosis. In addition, the instrumentation
must be removed at a second procedure if fusion over the
entire area spanned by the instrumentation is not performed.
Consequently, alternative methods of instrumented reduc-
tion have been sought.'” Pedicle screw fixation has been
more effective in reducing the slip angle by direct extension
of the L5-S1 segment as well as in translating the upper
listhetic segment posteriorly and thus reducing the anterior
translation.""" Pedicle fixation is also more biomechanically
stable than long distraction instrumentation.'* Several re-
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ports of pedicle fixation to reduce and fuse high-grade spon-
dylolisthesis are available.***” Edwards developed a system
specifically to produce distraction, sacral anterior rotation
(extension) and posterior translation between L4 and S2,
emphasizing gradual application of the three corrective
forces intraoperatively to avoid neurologic complications.
Although Edwards™ reported a 5 percent rate of instrumen-
tation complications (such as loss of sacral fixation) and a
15 percent incidence of lumbar root weakness (ankle dorsi-
flexion) in spondyloptosis reductions, others have reported
up to a 65 percent incidence of neurologic complications
and up to a 30 percent incidence of hardware failure **27
The need for complete as opposed to partial reduction has
been questioned, since anatomic studies have demonstrated
that complete anatomic replacement of L5 on S1 in fact
can increase tension of the L5 roots.** Partial reduction of
translation and slip angle may decrease the neurologic risk
of acute reduction, especially if decompression is carried
out prior to reduction.” Because acute reduction of the slip
angle actually produces anterior column deficiency at L5-S1

FIGURE 13-11 Traction-reduction casting for spondylolisthesis. A, The patient is placed in cervical-pelvic traction
on the Risser table, and the hips are allowed to hyperextend. B, A sling is placed under the sacrum to translate it
forward. The direction of pull is toward the feet, to make the anterior translation force perpendicular to the sacrum.
Additional hyperextension can be achieved by dropping the leg supports further as the cast is applied and the sacrum
elevated. C, View from the foot of the table. D, Diagram showing reduction forces.
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FIGURE 13-12 A significant reduction of lumbosacral kyphosis creates
an anterior support deficiency. Posterior fusion alone fails by collapse of
the L5-S1 disk back into kyphosis.

by virtue of distraction and lordosis, creating an opening
of this disk space (Fig. 13-12), adding anterior column
support is associated with diminished loss of fixation and
fewer correction problems.”"* The addition of anterior fu-
sion by fibular dowel or interdiskal graft/cage®***>"7'7¢% or
of posterior interbody fusion*!'® appears to be the solution
to loss of fixation with recurrence.

In summary, the indications for instrumented reduction
of high-grade spondylolisthesis (and spondyloptosis) are in
evolution. When successfully accomplished without neuro-
logic complication, instrumented reduction improves the
sagittal alignment, provides decompression of the dural sac
and nerve roots, and allows early mobilization of the patient.
It probably should be supplemented with anterior support
to prevent loss of sacral fixation and achieve a high rate
of fusion. Thus, instrumented reduction may require two

operative procedures, anterior and posterior, and if anterior
support fusion is attempted by a posterior interbody tech-
nique, transcanal surgery is necessary, with retraction of
nerve roots already stretched by the deformity. The technical
expertise needed to safely perform the multiple intraopera-
tive steps in instrumented reduction is probably the most
important aspect in achieving a result that exceeds that of
an in situ treatment with or without instrumentation.

ALTERNATIVES TO REDUCTION. Two other options for treatment
of high-grade spondylolisthesis and spondyloptosis are in
situ fixation with screws or a fibular graft from the sacrum
to L5 via a posterior approach'**®!" and L5 vertebrectomy
with posterior L4-S1 fixation/fusion.* Each of these tech-
niques involves its own special technical requirements, but
because acute reduction is attempted, if at all, only after
bony decompression of the dural sac, they may provide a
greater degree of neurologic safety than instrumented re-
duction.

In fact, Bohlman’s posterior decompression and in situ
fixation®!"” is probably best suited to the patient with preop-
erative motor or cauda equina deficit and 100 percent or
greater listhesis—in other words, the patient with arguably
the highest neurologic risk for reduction, since deficit already
exists. Decompression by sacroplasty (Fig. 13—13), indicated
by the presence of bowel or bladder deficit, is followed by
fibular dowel grafting from the sacral pedicle or body to
the L5 body situated directly anteriorly. Anterior fixation
can be augmented by pedicle screw fixation,' thereby achiev-
ing both bony arthrodesis and internal fixation placed in
situ with no reduction attempted. With this approach, all
patients are reported to recover neurologic function, and
90 percent achieved solid fusion.”®'” Since neural elements

FIGURE 13-13 Removal of the posterosuperior dome of
the sacrum to decompress the dural sac and nerve roots (sa-
croplasty). A high-speed bur from each side is useful once
dural sac and root retraction exposes the prominent sacral
dome.



are adequately decompressed by sacroplasty, no additional
reduction is necessary, and in situ arthrodesis is achieved
by combining posterolateral fusion with the L5-S1 fibular
fusion.

The high risk and technical difficulty of attempted reduc-
tion in spondyloptosis inspired Gaines to develop the two-
stage L5 vertebrectomy and posterior L4-S1 fixation as the
solution to this challenging deformity.* The L5 vertebra,
in a first-stage procedure, is excised via a transperitoneal
approach, thus making the acute reduction of L4 on S1
far less difficult or risky. The posterior procedure includes
decompression by removal of the L4 and L5 posterior ele-
ments, followed by L4-S1 pedicle fixation and posterolateral
grafting. In Gaines’ series all patients have been anatomically
reduced and are fused solidly, although L5 motor deficits
have occurred. Retrograde ejaculation can also result from
the L5 vertebrectomy procedure. The need for the more
extensive Gaines procedure to deal with spondyloptosis de-
formity appears less evident, in light of the safety and neuro-
logic recovery reported with Bohlman’s procedure.

summARY. The ideal treatment for high-grade spondylolis-
thesis would provide a sagittal plane realignment maintained
by solid arthrodesis. Unfortunately, the achievement of both
of these goals is often complicated by neurologic deficits in
up to 65 percent of patients, although permanent deficit is
less frequent, and by up to 30 percent pseudarthrosis with
failure of internal fixation. The surgical technique of acute
reduction and internal fixation is technically demanding
and probably requires both posterior instrumentation and
anterior L5-S1 fusion (performed transperitoneally or by
posterior interbody technique) to obtain a high rate of fusion
without failure or recurrence. While some experts have
achieved a high rate of success with this demanding sur-
gery, "1 the risks involved have led others to recommend
in situ fixation with preemptive sacroplasty/decompression
to achieve fusion without neurologic risks,**!"” especially if
serious neurologic signs and symptoms are present preoper-
atively.

In patients with high-grade spondylolisthesis without sig-
nificant neurologic symptoms and with reducibility demon-
strated preoperatively, in situ posterolateral fusion with cast
immobilization is traditionally successful and the gold stan-
dard. We have continued to use this approach in the vast
majority of patients as the primary surgical procedure for
all degrees of listhesis (Figs. 13—10 and 13-14). A successful
in situ fusion relieves symptoms, and the residual lumbosa-
cral kyphosis is rarely a cosmetic or functional problem, as
evidenced by the resolution of gait and postural abnormali-
ties in most patients.'” In patients who do not fully recover
from hamstring spasm, sacroplasty at a second stage resolves
these symptoms (Fig. 13-14).

The need for cast immobilization remains uncertain, as
successful in situ management without progression is clearly
possible without immobilization.®* Given the importance
of achieving solid fusion in the high-grade deformity, espe-
cially if anterior fusion is not going to be performed, immo-
bilization to maintain reduction and improve chances for
fusion is not unreasonable. If reduction of the slip angle
to less than 30 degrees is not possible by hyperextension
preoperatively, in situ fixation with circumferential fusion
is probably indicated if no neurologic deficits exist, due to
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the higher risk of pseudarthrosis and progression. We have
tended to reserve anterior fusion for patients with estab-
lished symptomatic pseudarthrosis after previous posterolat-
eral fusion has failed, regardless of the degree of deformity.
Finally, with a neurologic deficit—motor or cauda equina
syndrome—present preoperatively, root or dural decom-
pression by sacroplasty, followed by circumferential fusion
with internal or external immobilization, is indicated.

Summary of Treatment. The symptoms of spondylolysis
usually resolve with symptomatic treatment. Occasionally,
operative management is required for intractable or recur-
rent symptoms and can include direct repair of the spondy-
lolytic defect, usually at the L4 or a more cephalad level, or
in situ fusion at L5-S1. Since the spondylolysis without
listhesis is predominantly an acquired lesion representing
a stress fracture, long-term observation for progression of
deformity is usually unnecessary, as any progression of slip-
page will be accompanied by a recurrence of symptoms
and disability.

Low-grade spondylolisthesis (<50 percent slip) is also
treated symptomatically, with surgical treatment reserved
for patients with continued symptoms; disability; or, in the
case of juvenile onset, evidence of progressive listhesis. Pa-
tients with dysplastic posterior elements without spondylo-
lysis may require earlier operative treatment because of more
significant neurologic risk. Patients with isthmic, acquired
spondylolisthesis without significant lumbosacral kyphosis
are best managed by an in situ posterolateral fusion (Wil-
tse'*). Decompression for the rare patient with objective
neurological deficit and low-grade listhesis requires a more
meticulous stabilization postoperatively, which may include
internal or external fixation with recumbency to avoid pro-
gressive listhesis postoperatively.

High-grade spondylolisthesis (=50 percent slip) usually
requires surgical treatment. As outlined above, the ideal
treatment, consisting of both reduction of sagittal alignment
deformity and the achievement of solid arthrodesis to main-
tain it, is a surgically demanding procedure fraught with
numerous complications. In patients without objective mo-
tor deficit, in situ posterolateral fusion can be effective in
relieving symptoms and improving gait abnormalities and
posture. This can be accomplished with or without cast
immobilization. In patients who do not recover from ham-
string spasm or other neurologic symptoms following in
situ fusion, anterior sacroplasty decompression can be effec-
tive as a secondary procedure. Instrumented reduction re-
quires anterior column support in most cases to ensure solid
arthrodesis and to avoid both instrumentation failure and
recurrence of lumbosacral kyphosis.

Finally, cauda equina syndrome may complicate any sur-
gery for spondylolisthesis, and careful preoperative and post-
operative monitoring, including intraoperative positioning
of the patient, can reduce the rate of this complication.

Lumbar Disk Herniation

The diagnosis of a herniated lumbar disk must be considered
in the differential diagnosis of low back pain in children
and adolescents. However common this entity may be in
adults, disk protrusion or herniation is an infrequent but
nonetheless possible cause of significant morbidity in the
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FIGURE 13-14 A and B, Presenting plain
radiographs of an obese 12-year-old girl with
a stiff, flexed scoliosis and severe back pain.
The congenitally stenotic spinal canal is sug-
gested by the very short pedicles. C, MR image
showing central disk protrusion. The canal is
severely compromised at L4-5. D, Lateral MR
image showing disk herniation at L5-51 as well
as L4-5. E, CT myelogram showing severe canal
encroachment with short pedicles at L4-S1.
This patient was treated by two-level diskec-
tomy due to her severe pain and postural dis-
turbance.



pediatric and adolescent population. Thus, in the evaluation
of a pediatric patient with low back pain and unremarkable
plain radiographic studies of the lumbar spine, the possibility
of a herniated lumbar disk must be considered.

INCIDENCE

The actual incidence of herniated lumbar disks in the pediat-
ric age group is unknown. Although the condition was first
described in a 12-year-old child by Wahren in 1945," in
large series of patients treated surgically the proportion of
patients 18 years or younger is around 1%.""' The diagnosis
of disk herniation in children and adolescents may be in-
creasing with growing physician awareness of it as a possibil-
ity. In Japan, for example, frequency has been reported
to be much higher, possibly because of younger ages of
employment.””® Because reports of disk herniation invari-
ably include only surgically treated patients, the true inci-
dence is unknown, for these series do not include patients
successfully treated nonoperatively.

There does not appear to be a sex predilection for herni-
ated disks in children. Multiple investigators have reported
a slight prevalence in boys,”*** thought to be due to
delayed maturity, which exposes the immature spine to ab-
normal stresses for a longer period of time.

ETIOLOGY

Lumbar disk herniation in children and adolescents has been
attributed primarily to trauma, especially in patients with
predisposing congenital spinal stenosis or an abnormally
narrow lumbar canal. Up to 70 percent of patients with
herniated disks report antecedent trauma, either an acute
event that is well remembered or a cumulative repetitive
trauma that is exacerbated by a less traumatic event.”*
Certain competitive athletic events associated with back in-
juries—for example football, gymnastics, cheerleading—are
the same kinds of activities that predispose to spondylolysis
and are frequently reported by patients with herniated disks.

The association of congenital anomalies of the lumbar
spine with disk herniation is also well known.****** Sacrali-
zation of L5 or lumbarization of S1 are commonly described,
although these anomalies are so ubiquitous in the population
that their relation to lumbar disk herniation may be coinci-
dental. More important is AP canal narrowing,” which can
often be detected on the initial lateral lumbar spine radio-
graph and is confirmed with CT (Fig. 13—14). The smaller
canal leaves less room available for nerve roots following a
disk herniation and therefore increases the likelihood of
symptoms from an intruding soft herniation.

A familial predisposition to disk herniation has been
suggested.®!#1¥* Several reports noted an increased preva-
lence of disk herniation in first-degree relatives in up to
one-third of patients, and up to 92 percent of adolescents
with disk herniation had a history of low back pain or
sciatica. Although genetic and environmental factors must
be considered together, a familial predisposition to disk
disease is likely among adolescents with disk herniation.

CLINICAL FEATURES

Disk herniation in children and teenagers differs from the
condition in adults primarily because symptoms are inter-
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mittent and without dramatic neurologic findings. The diag-
nosis is often delayed because the initial complaint, back
pain, often is not accompanied by sciatica, and thus when
plain radiographs are found to be normal, no further investi-
gation is undertaken. Eventually the clinically important
disk herniation causes increasing low back pain and becomes
more constant and disabling; later, sciatica develops. In addi-
tion, the teenager will describe back stiffness due to spasm
and splinting by the paraspinous muscles, which may be
noted as an abnormal posture or limp. Perhaps the most
revealing symptom in the presciatic stage is the presence of
increased back pain on straining or coughing or any type
of lifting or strenuous maneuver.

The other typical finding in adolescent herniated disk is
the relative absence of neurologic signs. Motor weakness or
bowel and bladder dysfunction are rare, and except for a
positive straight-leg-raising test, there may be essentially no
neurologic findings. Up to 60 percent of patients are re-
ported to have minor motor, sensory, or reflex abnormali-
ties,* with the dysesthesia or motor weakness not necessarily
conforming to the level of disk herniation. Reflex abnormali-
ties are uncommon, with less than half of patients having
an absent or decreased deep tendon reflex, Postural changes
may also include an irritative or “olisthetic” type of scoliosis
(Fig. 13—14) similar to that seen in a spondylolytic crisis,
which again may be the only sign of a neurologic problem.

The lack of neurologic findings is attributed to the in-
creased canal size in adolescents and the increased flexibility
of the adolescent spine, which allows the canal to move
away and accommodate intruding disk material from nerve
roots."® Because of accommodation, there may be a dis-
crepancy between the level of herniation and the subsequent
neurologic findings, if any. Epstein and colleagues noted the
unreliability of reflex changes to identify a specific level,*
and Clarke and Cleak found that the neurologic findings
correctly identified the level of disk herniation in only half
of patients.” Because of the unreliability of the clinical signs,
radiographic evaluation is mandatory to correctly identify
the level of herniation.

RADIOGRAPHIC STUDIES

Plain radiographs of the lumbar spine are an important
screening evaluation of any patient with low back pain.
Standing AP and lateral films will help eliminate certain
inflammatory or tumor-like conditions, and oblique radio-
graphs will rule out spondylolysis. Typically plain radio-
graphs show loss of lumbar lordosis on the lateral film.
Other structural abnormalities may be present, including
spina bifida occulta, sacralization of L5 or lumbarization of
S1, or the presence of six lumbar vertebrae.”** Disk space
narrowing with or without lipping of vertebral margins or
small avulsion fragments posterior to a vertebral body may
indicate chronicity or the presence of a slipped lumbar
apophysis. Spinal canal narrowing may also be suspected
from the plain AP radiograph (Fig. 13—14). In at least half
of patients with herniated disk, however, plain radiographs
will be unremarkable.

MRI is probably the procedure of choice to diagnose disk
herniation.” This study not only demonstrates the herniated
disk, it can also be used to evaluate nerve roots and accurately
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shows stenosis and narrowing of the disk space (Fig. 13-14).
Free disk fragments can be identified in the canal as sepa-
rate from the originating disk space. The need to address
congenital spinal stenosis can also be determined preopera-
tively.*”

CT myelography can also be used to visualize a herniated
disk. The reported advantage of CT visualization is in the
evaluation of bony lesions, specifically slipped vertebral
apophysis, which is often associated with central disk hernia-
tion. MRI has been reported to be inferior to CT in the
diagnosis of slipped vertebral apophysis,”*® which would
have therapeutic implications in that the preoperative diag-
nosis of slipped vertebral apophysis is invaluable in planning
the surgical approach. The obvious disadvantage in CT mye-
lography is that it is an invasive study that requires radiation.
The routine use of CT myelography in evaluating lumbar

disk herniation is probably unnecessary unless MRI demon-
strates an unusually large central herniation that has mi-
grated either cephalad or caudad to the posterior aspect
of the adjacent vertebra (suggesting a possible apophyseal
avulsion).** CT myelography is also indicated when the
MR images are severely artifactually degraded owing to the
presence of stainless steel implants (Fig. 13-15).

As in adults, the L4-5 and L5-S1 disks account for about
95 percent of all herniated disks in children and adoles-
cents, 26204650100 §ince the physical examination is unreliable
in identifying the level of herniation in the pediatric popula-
tion, the most essential use of MRI (or CT myelography)
is to locate the precise anatomic level of herniation. In
addition, should MRI of the lower lumbar canal fail to reveal
a herniated disk or other lesion, evaluation of the nerve
roots and the conus medullaris by MRI becomes mandatory

FIGURE 13-15 A, Radiograph in a 17-year-old girl who had undergone posterior spinal
fusion of T5-L3 for a double major scoliosis 3 years previously. She presented with sciatica
and less severe back pain. B and C, Myelography was performed due to the presence of stainless
steel implants and revealed a left-sided L4-5 disk herniation. D, Axial CT section showing a

left-sided disk at L4-5. Because the patient had already had a long spinal fusion to L3, epidural
D steroids were used in an attempt to avoid surgical treatment at L4-5,



to rule out other intraspinal neoplasms as the source of
back pain.

TREATMENT

The treatment of herniated lumbar disks in children and
adolescents is not unlike that for adults in that the initial
treatment should be nonoperative. Exceptions are the pa-
tient with a progressive neurologic deficit that is well docu-
mented and the patient with a massive central herniation
producing significant neurologic compromise, such as bowel
and bladder dysfunction.

Nonoperative management traditionally has included
rest, muscle relaxants and analgesics, and heat and physical
therapy. Although bed rest, with or without traction, has
been a traditional modality for adults, there is little objective
evidence that bed rest is actually required to achieve the
decreased activity that is an essential part of nonoperative
management. Relative immobilization of the lumbar spine
can be achieved with a variety of orthotic devices, which
are better accepted by patient and parents because they allow
the patient to at least attend school and take care of normal
daily activities. There is little enthusiasm for the traditional
complete bed rest regimen, and in patients who are in severe
pain, we usually proceed to some type of corset or lumbar
orthosis to immobilize the lumbar spine. The use of local
modalities under the supervision of a physical therapist is
also valuable; however, there is little evidence that such
treatment significantly improves the clinical course.

The use of epidural steroids is controversial. Prospective
studies of epidural steroid injections for acute disk hernia-
tion or radicular pain have not demonstrated a long-term
benefit in adults.”***” Although epidural steroids, combined
with local anesthetic, can provide acute relief of pain, there
is no evidence that sciatica, which is generally predictive of
an extruded disk fragment in the absence of back pain, is
improved by epidural steroids. Since back pain, muscle
spasm, and sciatica can be relieved with other nonoperative
methods already alluded to, epidural steroids appear to have
a limited role in the management of herniated lumbar disks
in adolescents. Possible indications for their use would be
as a temporizing modality in a patient with acute severe
back pain and as a symptomatic modality in patients for
whom surgery is not a treatment option or is extremely
unattractive. An example of the latter might be a patient
who has previously undergone spinal fusion to correct a
deformity of the low lumbar spine and in whom a disk
herniates at the first or next level (Fig. 13—15). In such a
patient, the risk of producing additional degenerative
changes following surgical treatment for a disk below a long
fusion is high, and thus prolonged nonoperative treatment
in an effort to avoid any surgery would be appropriate.

The natural history of disk herniation with sciatica is
generally good, in that spontaneous resolution of symptoms
without intervention over time can be expected.”” At least
50 percent of young patients do well with nonoperative
treatment on long-term follow-up.”** Most patients can
return to sports competition, although some will have recur-
rent back or leg pain. The challenge for the treating physician
is to determine as quickly as possible at what point nonoper-
ative treatment is unsuccessful to avoid unnecessary delay
in surgical treatment.
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Indications for surgery include failure of nonoperative
management and persistence of symptoms after an appro-
priate period of nonoperative management, even if neuro-
logic deficit cannot be demonstrated. The difficulty with the
decision in the latter situation is that, given enough time,
symptoms of sciatica in particular will resolve. On the other
hand, the uniformly good early results following disk exci-
sion make it inappropriate to withhold surgery in the face
of severe and persistent symptoms. While no definitive for-
mula for operative intervention is possible, the patient who
is clearly incapacitated or disabled by back pain or leg pain
and who is not improving with a regimen of rest, immobili-
zation, analgesics and muscle relaxants, and other physical
therapy modalities should be considered a candidate for
surgery within 1 month of the onset of treatment. Any
patient who appears to have deteriorating neurologic find-
ings should have expedient disk excision.

Prior to surgical intervention, exact localization of the
level of disk herniation, either by MRI or by CT myelogram,
is mandatory. Should there be a large central herniation,
CT should also be obtained to determine whether there is
an avulsed ring apophysis, since this can change the surgical
approach and technique.

The operative technique in young patients generally does
not differ from that used in adults.**""" Patients should be
placed in the knee-chest position to increase access to the
lumbar interspaces. Accurate placement of the incision is
important, since minimizing exposure enhances early recov-
ery and rehabilitation. The appropriate interspace, based on
the preoperative imaging studies, should be identified with
localizing radiographs. Aided by a lamina spreader, the liga-
mentum flavum is excised, and enough lamina is removed
to allow exposure of the lateral aspect of the nerve root. It
is usually unnecessary to resect bone from the intervertebral
facet joint, and if the patient has a central herniation, bilat-
eral laminotomies should be performed in order to ade-
quately remove protruding disk material from both sides
of the canal. Since adolescents have no preexisting disk
degeneration, only the fragments protruding into the canal
need to be excised, as the residual tissue in the disk space
is normal. If the protruding disk material is attached in any
way to the posterior longitudinal ligament or the cartilagi-
nous end-plate, this should be carefully incised to remove
the protruding material. Lateral exposure and foraminal
decompression are necessary only if the nerve root is not
freely mobile and without tension following evacuation of
disk fragments from the canal.

Assuming the intervertebral joints have not been violated,
there is no need to combine spinal fusion at the level of
diskectomy. Patients can be mobilized rapidly on the day
after surgery, with back supports for symptomatic relief
only. Early range-of-motion strengthening exercises are rec-
ommended and the patients should be seen by rehabilitation
personnel as indicated.

The results of surgery are generally gratifying, in that
sciatic pain is reduced or vanishes almost immediately, and
back pain resolves quickly. Reflex abnormalities and
straight-leg-raising tension may require additional time to
resolve. The long-term results of disk excision are unfortu-
nately not as good as the immediate short-term results, in
that varying residual back discomfort, and sometimes leg
pain, can return in one-quarter to one-third of patients.***'%
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The series with the longest follow-up® found that 44 of
49 patients had excellent or good results at 5 to 30 years
postoperatively. However, over half of the 44 patients needed
additional treatment for back pain including second opera-
tions and spinal fusions. It was estimated that 74 percent of
the patients who underwent operation had good or excellent
results, even when reoperation or persistent symptoms were
considered a mark of failure. O’Connell reported that 29
percent of patients followed for up to 10 years had transient
symptoms, although none was disabled.” From these longer-
term studies, therefore, the prospect for relief of symptoms
after diskectomy is somewhat guarded, despite the initial
results being quite gratifying. For this reason, vigorous non-
operative treatment before proceeding to operative manage-
ment continues to be the initial recommendation 6?1
On the other hand, many patients who undergo surgery
have had symptoms for longer than 5 months prior to sur-
gery, and this is clearly too long to procrastinate prior to
operative intervention. The key to managing herniated lum-
bar disks in adolescents as in adults is to proceed to operative
management relatively quickly once it has been recognized
that the patient is not improving on maximum nonoperative
therapy, because the results of surgical treatment, both short
and long term, are much improved the shorter the duration
of symptoms prior to surgery.

Slipped Vertebral Apophysis

Avulsion of a bony fragment from the posterior caudal or
cephalic rim of the vertebral body into the spinal canal
produces what amounts to a large central disk hernia-
tion.!**%4%118 Firgt reported in 1954, the signs and symptoms
are essentially the same as those of a herniated lumbar disk,
although the entity is probably much rarer. Instead of disk
material herniating through the annulus and posterior longi-
tudinal ligament into the canal, this lesion involves separa-
tion of the partially ossified rim of the posterior vertebral
apophysis at its osteocartilaginous junction, with varying
amounts of posterior displacement of both the apophysis
and the contiguous disk. As with herniated nucleus pulposus,
trauma, either as a single event or as a cumulative process
in sports such as weightlifting, gymnastics, or wrestling, is
accepted as the cause of the fracture of the osteocartilaginous
junction.'®**!¥ Extreme flexion of the spine combined with
rotation appears to increase the risk of ring apophyseal
avulsion. %7715 The central herniated disk adjacent to the
superior or inferior rim of the vertebra whose ring has
been avulsed protrudes posteriorly, while the avulsed rim
fragment stays attached to the posterior vertebral body by
a periosteal sleeve. Typically the posterior longitudinal liga-
ment remains intact. The majority of apophyseal avulsions
in adolescents involve the L4-5 or the L5-S1 levels, with
the most frequent avulsions originating from the inferior
rim of L4 or the superior rim of the S1 body.**®'®™!"¥ Lumbar
apophyseal avulsions occur predominantly in males, again
explained by the fact that boys reach skeletal maturity at a
later age than girls and therefore have a longer period of
exposure to trauma before maturity. Because of the activities
associated with this lesion (weightlifting, wrestling) there
appears to be an increased risk of lumbar flexion placing
repetitive stress on the lower lumbar spine.

CLINICAL PRESENTATION

Patients with slipped vertebral apophysis present essentially
with the same symptoms as patients with herniated lumbar
disks. The most prominent complaint is intermittent but
progressive low back pain, with or without sciatica, para-
spinal muscle spasm, limitation of back motion and straight-
leg raising, and minimal or no neurologic findings. Patients
describe back stiffness and have a peculiar gait due to the
abnormally decreased lumbar motion. Pain is exacerbated
by activities such as lifting or straining when coughing or
sneezing. Sciatica may or may not be present initially, but
may develop later during the course. Limited straight-leg
raising is common and is usually bilateral, owing to the
central nature of the herniation. Postural scoliosis tends not
to be as prominent as with herniated nucleus pulposus.
Sensory findings and reflex findings are uncommon but
have been observed.

Radiographically, fractures of the vertebral ring apophysis
can be seen on the lateral x-ray of the lumbar spine as a
small bony fragment posterior to the vertebral body from
which it has been avulsed. CT myelography is the radio-
graphic study of choice, in that the canal obstruction is
easily seen in the lateral views and in the axial sections. The
large central fragment of bone displaced into the canal and
the defect in the vertebral rim are best seen on axial CT
views. Frequently the amount of canal encroachment is dra-
matic, with almost complete occlusion of the spinal canal
by the avulsed fragment and attached disk.

Three types of fracture morphology have been de-
scribed,'” according to the age of the patient and the size
of the bony fragment avulsed with the rim of the apophysis.
Type I and II fractures are seen in younger patients and are
central in their origin from the vertebral body, with type II
having a large bony fragment compared to type I. Type III
lesions occur in older teenagers and young adults and are
more lateral in location than midline. The differentiation
between these types is made by studying the axial sections
of a CT study and noting the size of the fragment and the
amount of canal encroachment.

TREATMENT

Because the avulsion fracture of the vertebral apophysis
involves a large central intrusion of bone, cartilage, and disk
into the spinal canal, most patients are treated operatively
to remove this mass, with good results. Short-term results
with nonoperative treatment can be good, but there are no
long-term results available for these patients.”® Epstein and
Savini have reported on young patients with spinal stenosis
associated with central disk herniation and calcification and
have suggested that this pathology may result from a ring
apophyseal fracture at an earlier age.™'"

The decision about operative treatment depends primar-
ily on the presence or absence of neurologic findings and
the amount of canal encroachment by the avulsed apophysis.
In a sense this is the same as the treatment for a herniated
disk. In patients without findings and a capacious spinal
canal, nonoperative management is appropriate, and a good
outcome has been reported in the short term.* When opera-
tive treatment is indicated because of neurologic progression
or failure of symptoms to resolve, the amount of the herni-



ated material must be taken into consideration in planning
the surgical approach. Generally, because of the size of the
lesion, a limited approach does not allow safe or complete
removal of the entire mass of disk and bone. A bilateral
laminotomy approach with excision of the inferior portion
of the lamina above is necessary to gain full access to the
canal and allow elevation of the thecal sac and nerve roots
off the anterior mass protruding posteriorly. The mass may
be as thick as 1 cm, composed of bone superiorly, cartilage
and disk inferiorly, and may extend across the entire anterior
canal. Thus, a more extensile exposure of the canal than is
typical for a herniated nucleus pulposus is necessary.” Exci-
sion of fragments early in the course of the condition is
generally easier than in a more chronic case, in which nerve
roots and dural adhesions to the protruding mass make safe
excision of the mass difficult.

Symptoms resolve immediately following successful ex-
cision of these lesions. The postoperative course and rehab-
ilitation are similar to that for patients with herniated
disks. Return to normal activities is based on the return of
full back flexibility and rehabilitation to normal strength.
In follow-up beyond 2 years, the majority of patients
have returned to essentially normal activities, including
sports. 8487510511815 Tncomplete removal of protruding mate-
rial or excessive retraction placed on a nerve root during
excision can obviously compromise the result.

The essential difference between slipped vertebral
apophysis and the more common herniated nucleus pulpo-
sus is determined by careful scrutiny of the plain radio-
graphs, noting the small bony fragment visible in the spinal
canal posterior to the vertebral body from which it has
originated. In addition, if a large central disk herniation is
seen on MRI, at least a few CT axial sections should be
obtained through the vertebral body immediately adjacent
to the disk to search for a posterior apophyseal rim avulsion
or bony defect. By evaluating the spinal canal in this fashion
preoperatively, the surgeon should be able to plan the appro-
priate exposure to deal with the intraspinal pathology.

ACKNOWLEDGMENTS

The authors thank the following colleagues who contributed material to
this chapter: Jose Luis Beguiristan, Alvin H. Crawford, and Robert G. Viere.

REFERENCES

1. Abdu WA, Wilber RG, Emery SE: Pedicular transvertebral screw
fixation of the lumbosacral spine in spondylolisthesis: a new technique
for stabilization. Spine 1994;19:710.

2. Anderson K, Sarwark J, Conway |, et al: Quantitative assessment
with SPECT imaging of stress injuries of the pars interarticularis and
response to bracing. ] Pediatr Orthop 2000;20:28.

3. Ani N, Keppler L, Biscup RS, et al: Reduction of high-grade slips
(grades I1I-V) with VSP instrumentation: report of a series of 41
cases. Spine 1991;16:5302.

4. Banerian KG, Wang AM, Samberg LC, et al: Association of vertebral
end plate fracture with pediatric lumbar intervertebral disk herniation:
value of CT and MR imaging. Radiology 1990;177:763.

5. Begg AC: Nuclear herniations of the intervertebral disc: the radiologic
manifestations and significance. | Bone Joint Surg 1954;36-B:180.

6. Bell DF, Ehrlich MG, Zaleske DJ: Brace treatment for symptomatic
spondylolisthesis. Clin Orthop 1988;236:192.

7. Blackburne ]S, Velikas EP: Spondylolisthesis in children and adoles-
cents. | Bone Joint Surg 1977;59-B:490.

8. Bohlman HH, Cook §5: One-stage decompression and posterolateral

CHAPTER 13—Other Anatomic Disorders of the Spine * ¢+ 375

and interbody fusion for lumbosacral spondyloptosis through a poste-
rior approach: report of two cases. ] Bone Joint Surg 1982;64-A:415.

9. Boos N, Marchesi D, Zuber K, et al: Treatment of severe spondylolis-
thesis by reduction and pedicular fixation: a 4—6-year follow-up study.
Spine 1993;18:1655.

10. Boxall D, Bradford DS, Winter RB, et al: Management of severe
spondylolisthesis in children and adolescents. ] Bone Joint Surg 1979;
61-A:479.

11. Bradford DS: Treatment of severe spondylolisthesis. Spine 1979;4:423.

12. Bradford DS, Boachie-Adjei O: Treatment of severe spondylolisthesis
by anterior and posterior reduction and stabilization: a long-term
follow-up study. ] Bone Joint Surg 1990;72-A:1060.

13. Bradford DS, Gotfried Y: Staged salvage reconstruction of grade IV
and V spondylolisthesis. ] Bone Joint Surg 1987;69-A:191.

14. Bradford DS, Iza J: Repair of the defect in spondylolysis or minimal
degrees of spondylolisthesis by segmental wire fixation and bone
grafting, Spine 1985;10:673.

15. Buck JE: Direct repair of the defect in spondylolisthesis: preliminary
report. | Bone Joint Surg 1970;52-B:432.

16. Buck JE: Further thoughts on direct repair of the defect in spondylo-
lysis. ] Bone Joint Surg 1979;61-B:123.

17. Burkus JK, Lonstein JE, Winter RB, et al: Long-term evaluation of
adolescents treated operatively for spondylolisthesis: a comparison of
in situ arthrodesis only with in situ arthrodesis and reduction followed
by immobilization in a cast. ] Bone Joint Surg 1992;74-A:693.

18. Callahan DJ, Pack LL, Bream RC, et al: Intervertebral disc impinge-
ment syndrome in a child: report of a case and suggested pathology.
Spine 1986;11:402.

19. Capener N: Spondylolisthesis. Br ] Surg 1932;19:374.

20. Clarke NM, Cleak DK: Intervertebral lumbar disc prolapse in children
and adolescents. ] Pediatr Orthop 1983;3:202.

21. Coomes EN: A comparison between epidural anesthesia and bed rest
in sciatica. BM] 1961;1:20.

22. Cuckler JM, Bernini PA, Wiesel SW, et al: The use of epidural steroids
in the treatment of lumbar radicular pain: a prospective, randomized,
double-blind study. | Bone Joint Surg 1985;67-A:63.

23, Cyron BM, Hutton WC: Variations in the amount and distribution
of cortical bone across the partes interarticulares of L5: a predisposing
factor in spondylolysis? Spine 1979;4:163.

24. Dandy DJ, Shannon M]: Lumbo-sacral subluxation (group 1 spondy-
lolisthesis). ] Bone Joint Surg 1971;53-B:578.

25. Davis DO, Boden SD: Modern imaging of degenerative disease of the
lumbosacral spine. Semin Spine Surg 1992;4:66.

26. De Orio JK, Bianco A] Jr: Lumbar disc excision in children and
adolescents. ] Bone Joint Surg 1982;64-A:991.

27. DeWald RL, Faut MM, Taddonio RF, et al: Severe lumbosacral spon-
dylolisthesis in adolescents and children: reduction and staged circum-
ferential fusion. ] Bone Joint Surg 1981;63-A:619.

28. DeWald RL: Spondylolisthesis. In Bridwell KH, DeWald RL (eds):
The Textbook of Spinal Surgery, p 1201. Philadelphia, Lippincott-
Raven, 1997.

29. Dick WT, Schnebel B: Severe spondylolisthesis: reduction and internal
fixation. Clin Orthop 1988;232:70.

30. Dickson RA: Spine: spondylolisthesis. Curr Orthop 1998;12:273.

31. Dietrich M, Kurowski P: The importance of mechanical factors in
the etiology of spondylolysis: a model analysis of loads and stresses
in human lumbar spine. Spine 1985;10:532.

32. Dubousset J: Treatment of spondylolysis and spondylolisthesis in
children and adolescents. Clin Orthop 1997;337:77.

33. Edwards CC: Reduction of spondylolisthesis. In Bridwell KH, DeWald
RL (eds): The Textbook of Spinal Surgery, p 1317. Philadelphia,
Lippincott-Raven, 1997.

34. Edwards CC, Bradford DS: Instrumented reduction of spondylolis-
thesis, Spine 1994;19:1535.

35. Eisenstein S: Spondylolysis: a skeletal investigation of two population
groups. | Bone Joint Surg 1978;60-B:488.

36. Epstein JA, Epstein NE, Marc ], et al: Lumbar intervertebral disk
herniation in teenage children: recognition and management of associ-
ated anomalies. Spine 1984;9:427.

37. Epstein JA, Lavine LS: Herniated lumbar intervertebral discs in teenage
children. ] Neurosurg 1964;21:1070.

38. Epstein NE, Epstein JA: Limbus lumbar vertebral fractures in 27
adolescents and adults. Spine 1991;16:962.

39. Farfan HF, Osteria V, Lamy C: The mechanical etiology of spondylo-
lysis and spondylolisthesis. Clin Orthop 1976;117:40.



376

40,

41.

42,

43,

44,

45,
46.

47.

48,

49,

50.

5L

52.
53.

54,

56.
57,
58.
59.
60.
61.
62.
63.
64,
65.
66.
67.

68.

69.

70.

71.

Anatomic Disorders

Fredrickson BE, Baker D, McHolick W], et al: The natural history of
spondylolysis and spondylolisthesis. J Bone Joint Surg 1984;66-A:699.
Freeman BL III, Donati NL: Spinal arthrodesis for severe spondylo-
listhesis in children and adolescents: a long-term follow-up study. ]
Bone Joint Surg 1989;71-A:594,

Frennered AK, Danielson BI, Nachemson AL: Natural history of symp-
tomatic isthmic low-grade spondylolisthesis in children and adoles-
cents: a seven-year follow-up study. ] Pediatr Orthop 1991;11:209.
Frennered AK, Danielson BI, Nachemson AL, et al: Midterm follow-
up of young patients fused in situ for spondylolisthesis. Spine
1991;16:409.

Gaines RW]: The L5 vertebrectomy approach for the treatment of
spondyloptosis. In Bridwell K, DeWald RL (eds): The Textbook of
Spinal Surgery, p 1357. Philadelphia, Lippincott-Raven, 1997,
Gibson MJ, Szypryt EP, Buckley JH, et al: Magnetic resonance imaging
of adolescent disc herniation. | Bone Joint Surg 1987;69-B:699.
Giroux JC, Leclercq TA: Lumbar disc excision in the second decade.
Spine 1982;7:168.

Hambly M, Lee CK, Gutteling E, et al: Tension band wiring-bone
grafting for spondylolysis and spondylolisthesis: a clinical and biome-
chanical study. Spine 1989;14:455.

Handel SF, Twiford TW Jr, Reigel DH, et al: Posterior lumbar apophy-
seal fractures. Radiology 1979;130:629.

Harms ], Jeszensky D, Stoltze D, et al: True spondylolisthesis reduction
and monosegmental fusion in spondylolisthesis. In Bridwell KH, De-
Wald RL (eds): The Textbook of Spinal Surgery, p 1337. Philadelphia,
Lippincott-Raven, 1997.

Harrington PR, Tullos HS: Spondylolisthesis in children: observations
and surgical treatment. Clin Orthop 1971;79:75.

Harris [E, Weinstein SL: Long-term follow-up of patients with grade
I1I and IV spondylolisthesis: treatment with and without posterior
fusion. | Bone Joint Surg 1987;69-A:960.

Hashimoto K, Fujita K, Kojimoto H, et al: Lumbar disc herniation
in children. ] Pediatr Orthop 1990;10:394.

Hefti F, Seelig W, Morscher E: Repair of lumbar spondylolysis with
a hook-screw. Int Orthop 1992;16:81.

Hensinger RN: Spondylolysis and spondylolisthesis in children and
adolescents. | Bone Joint Surg 1989;71-A:1098,

. Herbiniaux G: Traité sur divers accouchements laborieux, et sur les

polypes de la matrice. Brussels, DeBoubers, 1782.

Holmes HE, Rothman RH: Technique of lumbar laminectomy. Instr
Course Lect 1979:28:200.

Hu 55, Bradford DS, Transfeldt EE, et al: Reduction of high-grade
spondylolisthesis using Edwards instrumentation. Spine 1996;21:367.
Hu 85, Dickey J: Reduction techniques for spondylolisthesis. Semin
Spine Surg 1999;11:48.

Hutton WC, Adams MA: Can the lumbar spine be crushed in heavy
lifting? Spine 1982;7:586.

Ishikawa S, Kumar SJ, Torres BC: Surgical treatment of dysplastic
spondylolisthesis: results after in situ fusion. Spine 1994;19:1691.
Jackson DW, Wiltse LL, Cirincoine RJ: Spondylolysis in the female
gymnast. Clin Orthop 1976;117:68.

Johnson GV, Thompson AG: The Scott wiring technique for direct
repair of lumbar spondylolysis. | Bone Joint Surg 1992;74-B:426.
Johnson JR, Kirwan EO: The long-term results of fusion in situ for
severe spondylolisthesis. ] Bone Joint Surg 1983;65-B:43.

Johnson LP, Nasca R], Dunham WK: Surgical management of isthmic
spondylolisthesis. Spine 1988;13:93.

Kakiuchi M: Repair of the defect in spondylolysis: durable fixation with
pedicle screws and laminar hooks. | Bone Joint Surg 1997;79-A:818.
Keller RH: Traumatic displacement of the cartilaginous vertebral rim:
a sign of intervertebral disc prolapse. Radiology 1974;110:21.

Kip PC, Esses SI, Doherty BI, et al: Biomechanical testing of pars
defect repairs. Spine 1994;19:2692.

Kling TF]: Herniated nucleus pulposus and slipped vertebral apophy-
sis. In Weinstein SL (ed): The Pediatric Spine: Principles and Practice,
p 603. New York, Raven Press, 1994,

Kurihara A, Kataoka O: Lumbar disc herniation in children and
adolescents: a review of 70 operated cases and their minimum 5-year
follow-up studies. Spine 1980;5:443.

Laurent LE, Osterman K: Operative treatment of spondylolisthesis in
young patients. Clin Orthop 1976;117:85.

Laursen M, Thomsen K, Eiskjaer SP, et al: Functional outcome after
partial reduction and 360 degree fusion in grade [II-V spondylolis-
thesis in adolescent and adult patients. ] Spinal Disord 1999;12:300.

72.

73

74.

7

76.

78.

79.

80.
81.

82,

83,

B4,

85.

86.

87.

88.

89.

90.

91

92,

93.

94,

95.

96.

97,

98.

99.

100.

Lenke LG, Bridwell KH, Bullis D, et al: Results of in situ fusion for
isthmic spondylolisthesis. | Spinal Disord 1992;5:433.

Lippitt AB: Fracture of a vertebral body end plate and disk protrusion
causing subarachnoid block in an adolescent. Clin Orthop 1976;
116:112.

Lowe RW, Hayes TD, Kaye ], et al: Standing roentgenograms in
spondylolisthesis. Clin Orthop 1976;117:80.

Lowrey JJ: Dislocated lumbar vertebral epiphysis in adolescent chil-
dren: report of three cases. | Neurosurg 1973;38:232.

Marchetti PG, Bartolozzi P: Classification of spondylolisthesis as a
guideline for treatment. In Bridwell KH, DeWald RL (eds): The Text-
book of Spinal Surgery, p 1211. Philadelphia, Lippincott-Raven, 1997.

. Martin RP, Deane RH, Collett V: Spondylolysis in children who have

osteopetrosis. ] Bone Joint Surg 1997;79-A:1685.

McPhee IB, O'Brien JP: Reduction of severe spondylolisthesis: a pre-
liminary report. Spine 1979;4:430.

McQueen MM, Court-Brown C, Scott JH: Stabilization of spondylo-
listhesis using Dwyer instrumentation. | Bone Joint Surg 1986;68-
B:185.

Meyerding HW: Spondylolisthesis. Surg Gynecol Obstet 1932;54:371.
Meyers LL, Dobson SR, Wiegand D, et al: Mechanical instability as
a cause of gait disturbance in high-grade spondylolisthesis: a pre- and
postoperative three-dimensional gait analysis. | Pediatr Orthop 1999;
19:672.

Molinari RW, Bridwell KH, Lenke LG, et al: Complications in the
surgical treatment of pediatric high-grade, isthmic dysplastic spondy-
lolisthesis: a comparison of three surgical approaches. Spine 1999;
24:1701.

Morscher E, Gerber B, Fasel ]: Surgical treatment of spondylolisthesis
by bone grafting and direct stabilization of spondylolysis by means
of a hook screw. Arch Orthop Trauma Surg 1984;103:175.

Nelson CL, Janecki CJ, Gildenberg PL, et al: Disc protrusions in the
young. Clin Orthop 1972;88:142.

Neugebauer FI: The classic: a new contribution to the history and
etiology of spondylolisthesis by F. L. Neugebauer. Clin Orthop 1976;
117:4.

Newman PH: A clinical syndrome associated with severe lumbosacral
subluxation. | Bone Joint Surg 1965;47-B:472.

Newman PH: The etiology of spondylolisthesis. ] Bone Joint Surg
1963;45-B:39,

Newton PO, Johnston CE II: Analysis and treatment of poor outcomes
following in situ arthrodesis in adolescent spondylolisthesis. J Pediatr
Orthop 1997;17:754.

Nicol RO, Scott JH: Lytic spondylolysis: repair by wiring. Spine 1986;
11:1027.

O’Connell JEA: Intervertebral disc protrusions in children and adoles-
cents. Br ] Surg 1960:47:611.

O’Sullivan PB, Phyty GD, Twomey LT, et al: Evaluation of specific
stabilizing exercise in the treatment of chronic low back pain with
radiologic diagnosis of spondylolysis or spondylolisthesis. Spine 1997;
22:2959,

Pedersen AK, Hagen R: Spondylolysis and spondylolisthesis: treatment
by internal fixation and bone-grafting of the defect. ] Bone Joint Surg
1988;70-A:15.

Peek RD, Wiltse LL, Reynolds JB, et al: In situ arthrodesis without
decompression for grade III or IV isthmic spondylolisthesis in adults
who have severe sciatica. ] Bone Joint Surg 1989;71-A:62.

Petraco DM, Spivak JM, Cappadona JG, et al: An anatomic evaluation
of L5 nerve stretch in spondylolisthesis reduction. Spine 1996;21:1133.
Pizzutillo PD, Hummer CD: Nonoperative treatment for painful ado-
lescent spondylolysis or spondylolisthesis. | Pediatr Orthop 1989;9:
538.

Poussa M, Schlenzka D, Seitsalo S, et al: Surgical treatment of severe
isthmic spondylolisthesis in adolescents: reduction or fusion in situ.
Spine 1993;18:894.

Power RA, Taylor GJ, Fyfe IS: Lumbar epidural injection of steroid
in acute prolapsed intervertebral discs: a prospective study. Spine
1992;17:453.

Roca |, Ubierna MT, Caceres E, et al: One-stage decompression and
posterolateral and interbody fusion for severe spondylolisthesis: an
analysis of 14 patients. Spine 1999;24:709,

Rowe G: Etiology of the separate neural arch. ] Bone Joint Surg 1953;
35-A:102.

Russwurm H, Bjerkreim I, Ronglan E: Lumbar intervertebral disc
herniation in the young. Acta Orthop Scand 1978;49:158,



101.

102.

103.

104.

105.

106.

107.

108,

109.

110.

111.

112,

113.

114.

115,

116.

117.

Saal JA: Dynamic muscular stabilization in the nonoperative treatment
of lumbar pain syndromes. Orthop Rev 1990;19:691.

Sagi HC, Jarvis ]G, Uhthoff HK: Histomorphic analysis of the develop-
ment of the pars interarticularis and its association with isthmic
spondylolysis, Spine 1998;23:1635.

Sairyo K, Goel VK, Grobler L], et al: The pathomechanism of isthmic
lumbar spondylolisthesis: a biomechanical study in immature calf
spines. Spine 1998;23:1442.

Saraste H: Long-term clinical and radiological follow-up of spondylo-
lysis and spondylolisthesis. ] Pediatr Orthop 1987;7:631.

Savini R, Di Silvestre M, Gargiulo G, et al: Posterior lumbar apophyseal
fractures. Spine 1991;16:1118.

Scaglietti O, Frontino G, Bartolozzi P: Technique of anatomical reduc-
tion of lumbar spondylolisthesis and its surgical stabilization. Clin
Orthop 1976;117:165.

Schoenecker PL: Developmental spondylolisthesis without lysis. In
Bridwell KH, DeWald RL (eds): The Textbook of Spinal Surgery, p
1255. Philadelphia, Lippincott-Raven, 1997.

Schoenecker PL, Cole HO, Herring JA, et al: Cauda equina syndrome
after in situ arthrodesis for severe spondylolisthesis at the lumbosacral
junction. | Bone Joint Surg 1990;72-A:369.

Schwend RM, Waters PM, Hey LA, et al: Treatment of severe spondy-
lolisthesis in children by reduction and L4-S4 posterior segmental
hyperextension fixation. ] Pediatr Orthop 1992;12:703.

Seitsalo S: Operative and conservative treatment of moderate spondy-
lolisthesis in young patients. ] Bone Joint Surg 1990;72-B:908.
Seitsalo 5, Osterman K, Hyvarinen H, et al: Severe spondylolisthesis
in children and adolescents: a long-term review of fusion in situ. |
Bone Joint Surg 1990;72-B:259.

Shaffer B, Wiesel S, Lauerman W: Spondylolisthesis in the elite football
player: an epidemiologic study in the NCAA and NFL. | Spinal Dis-
ord 1997;10:365.

Shelokov A, Haideri N, Roach J: Residual gait abnormalities in surgi-
cally treated spondylolisthesis. Spine 1993;18:2201.

Sherman FC, Rosenthal RK, Hall JE: Spine fusion for spondylolysis
and spondylolisthesis in children. Spine 1979;4:59.

Shirado O, Zdeblick TA, McAfee PC, et al: Biomechanical evaluation
of methods of posterior stabilization of the spine and posterior lumbar
interbody arthrodesis for lumbosacral isthmic spondylolisthesis: a
calf-spine model. ] Bone Joint Surg 1991;73-A:518.

Shufflebarger HL: High-grade isthmic dysplastic spondylolisthesis:
monosegmental surgical treatment. Presented at the 33rd Annual
Meeting of the Scoliosis Research Society, New York, 1998.

Smith MD, Bohlman HH: Spondylolisthesis treated by a single-stage
operation combining decompression with in situ posterolateral and
anterior fusion: an analysis of eleven patients who had long-term
follow-up. ] Bone Joint Surg 1990;72-A:415.

CHAPTER 13—Other Anatomic Disorders of the Spine *** 377

118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Sovio OM, Bell HM, Beauchamp RD, et al: Fracture of the lumbar
vertebral apophysis. ] Pediatr Orthop 1985;5:550.

Spencer DL, Bernstein AJ: Lumbar intervertebral disc surgery. In
Bridwell KH, DeWald RL (eds): The Textbook of Spinal Surgery, p
1547. Philadelphia, Lippincott-Raven, 1997,

Steiner ME, Micheli L]: Treatment of symptomatic spondylolysis and
spondylolisthesis with the modified Boston brace. Spine 1985;10:937.
Stewart TD: The age of incidence of neural arch defects in Alaskan
natives considered from the standpoint of etiology. ] Bone Joint Surg
1953;35-A:937.

Taillard WF: Les Spondylolistheses. Paris, Masson, 1957,

Takata K, Inoue S, Takahashi K, et al: Fracture of the posterior margin
of a lumbar vertebral body. ] Bone Joint Surg 1988;70-A:589.
Taylor TFK: Lumbar intervertebral disc prolapse in children and
adolescents. | Bone Joint Surg 1982;64-B:135.

Tiusanen H, Schlenzka D, Seitsalo S, et al: Results of a trial of anterior
or circumferential lumbar fusion in the treatment of severe isthmic
spondylolisthesis in young patients. ] Pediatr Orthop B 1996;5:190.
Tokuhashi Y, Matsuzaki H: Repair of defects in spondylolysis
by segmental pedicular screw hook fixation: a preliminary report.
Spine 1996;21:2041.

Tower SS, Pratt WB: Spondylolysis and associated spondylolisthesis
in Eskimo and Athabascan populations. Clin Orthop 1990;250:171.
VanDam BE: Nonoperative treatment and surgical repair of lumbar
spondylolysis. In Bridwell KH, DeWald RL (eds): The Textbook of
Spinal Surgery, p 1263. Philadelphia, Lippincott-Raven, 1997.
Varlotta GP, Brown MD, Kelsey JL, et al: Familial predisposition for
herniation of a lumbar disc in patients who are less than twenty-one
years old. ] Bone Joint Surg 1991;73-A:124.

Wahren H: Herniated nucleus pulposus in a child of twelve years.
Acta Orthop Scand 1945:73:40.

Webb JH: Protruded lumbar intervertebral discs in children. JAMA
1954;154:1153.

Weber H: Lumbar disc herniation: a controlled, prospective study
with ten years of observation. Spine 1983;8:131.

Wiltse L: Etiology of spondylolisthesis. Clin Orthop 1957;10:48.
Wiltse LL, Bateman JG, Hutchinson RH, et al: The paraspinal sacrospi-
nalis-splitting approach to the lumbar spine. ] Bone Joint Surg 1968;
50-A:919.

Wiltse LL, Jackson DW: Treatment of spondylolisthesis and spondylo-
lysis in children. Clin Orthop 1976;117:92.

Wiltse LL, Newman PH, Macnab I: Classification of spondylolysis
and spondylolisthesis. Clin Orthop 1976;117:23.

Wiltse LL, Widell EH Jr, Jackson DW: Fatigue fracture: the basic
lesion is isthmic spondylolisthesis. ] Bone Joint Surg 1975;57-A:17.
Wynne-Davies R, Scott JH: Inheritance and spondylolisthesis: a radio-
graphic family survey. ] Bone Joint Surg 1979;61-B:301.

Zamani MH, MacEwen GD: Herniation of the lumbar disc in children
and adolescents. | Pediatr Orthop 1982;2:528.





