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DEFINITION 
Spondylolysis is a term used to refer to an isolated defect in the 
neural arch of the vertebra, specifically the pars interanicularis. 
The term originates from the Greek roots spondylos, which 
means "vertebra." and lysis, mc:aniag "'bteak." or "defect." The 
spondylotic defi:a is most common at the L5 vertebra in the 
pediatric and adolescent patients; however, it can be found 
throughout the entire spine. Spondylolysis can secondarily 
result in spondylolisthesis. 

Early obstetricians provided the first description of spon
dylolisthesis after describing a difficult delivery in a woman 
with slippage of the 5th lumbar vertebra on the sacrum (1). 
The actual term spondylolisthesis was not coined until 1854 
by Kilian (2). The word spondywlislhesis arises from the Greek 
:O~ts spo';:JYio!, which means "'vertebra," and listhesis, meaning 
slippage or ~ent," refening to the forward slipping of 

one vertebra on the adjacent caudal vertebra. 

EPIDEMIOLOGY 
Of the multiple types of spondylolisthesis (Tables 20-1 and 
2~2), two are found in children and adolescents. Of these two, 

the congenital or dysplastic group is the less common. This type 
of spondylolisthesis oc:curs in a 2:1 ratio of girls to boys (3, 4) 
and accounts for between 14% and 21% of the overall cases 
according to several published reports (3, 5). Children with con~ 
genita11 dysplastic spondylolistheses are at higher risk for n~ 
logic injury (e.g., cauda equina syndrome) than are those with 
isthmic spondylolisthesis because the intact neural arch can cause 
severe spinal canal stenosis beginning at approximately 50% 
slippage. 

Isthmic spondylolisthesis is the more common type. 
Although most published series combine both types of 
spondylolistb.c:sis (isthmic and congenita1/dysplastic) with 
spondylolysis, most data in the literawre refer to the isth
mic type of spondylolisthesis. Some have suggested that the 
isthmic spondylolytic defect may be caused by congenital 
factors. With one exception (6), a defi:ct in the pars inter.lr
tirularis has never been found at birth (7-12). In &ct, the 
~ology seems to be rare in patients younger than 5 years, 
Wlth only a few cases reported in children younger than 
2 years (9, 10, 12, 13). Fredrickson et al. reported on the natu~ 
ral history of spondylolysis and spondylolisthesis in a review of 
500 children in the first grade. The prevalence of spondylolysis 
was 4.4% at 6 years of age, increasing to the adult rate of 6% 
at 14 years of age (7). In addition, they documented and asso
ciated spondylolisthesis in 68% of the 5-yc:ar-old clill.dten, 
which increased to 74% in adulthood; the authors also implied 
that the development of spondylolisthesis after the age of 
6 years in children with spondylolysis is infrequent. Only seven 
parien~ i? this series developed further slippage; all slippages 
were minimal, and none of the patients complained of pain. 
V"uta. et al. (14) identified a 2:1 ratio of occurrence in boys and 
girls. In their review of 11 00 individuals in Finland ranging in 
age from 45 to 64 years, Vitta et al. reported a 7% incidence 
of spondylolisthesis in a population of individuals who had 
radiographic evaluation for back. pain. 
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TABLE 20·1 Classification of Spondylolistllasis 
by Wiltse at al. 

Type D11cription 

I Congenital {dysplastic) 
II Isthmic-defect in the pars interarticularis 
IIA Spondylolytic-stress fracture of the pars interarticularis 

region 
liB Pars interarticularis--elongation of pars interarticularis 
IIC Acute pars interarticularis-traumatic fracture of pars 

imerarticularis 
Ill Degenerativ&-due to a long-standing imersegmemal 

instability 
IV Posttraumatic-acute fractures in the posterior elemems 

beside the pars interarticularis region 
V Pathologic-destruction of the posterior elements from 

generalized or localized bone pathology 

From Wilt!& U.. Newman PH, Macnab I. Classificatioo at spondylolysis and spon
dylolislhBSis. Clin Orthop Rslat RBS1976;117:23-29. 

The previlence of spondylolisthesis appears to be influ
enced by the racial or genetic background of the population 
studied. African Americans have the lowest rate of spondylolis
thesis, 1.8%, whereas Inuit Eskimos have a prevalence of 50%. 
South Afiicans and whites fall in an intermediate range, 3.5% 
and 5.6%, respea:i:vdy (15-17). Rowe and Roche report a dif. 
ference in the incidence of spondylolisthesis depending on sex 
and race: for the male sa. the incidence is 6.4% in whites and 
2.8% in African Americans, and in the female sex. it is 2.3% 
in whites and 1.1% in African Americans (18). The role that 
gender plays in the nat:ur.d history of spondylolisthesis is illus
trated by the fact that, despite the twofold higher frequency 

in men, the high-grade slips are four times more common in 
women. Osterman et al. (16) noted in their report that the 
lower grades of spondylolisthesis are far more common at the 
time of presentation: grade I, 79%; grade II, 20%; and grade 
m, 1%. 

In lytic spondylolisthesis, the osteolysis occw:s at L5 in 
87% of the patients, at IA in 10%, and at L3 in 3% (19, 20). 
There is also an increasing prevalence of spondylolisthesis 
in individuals who participate in active sports, especially in 
physical activities that accentuate lumbar lordosis (Table 20-3). 
Gymnasts have long been identified as an at-risk group for 
development of spondylolisthesis. Jackson et al. (21) noted 
an 11% incidence of bilateral pars interarticular is defects in 
100 female gymnasts. An even higher rate of spondylolysis or 
spondylolisthesis has been identified in a similar population of 
Asian female gymnasts. 

ETIOLOGY 

The etiology of spondylolysis and spondylolisthesis remains 
unclear. A truly congenital etiology seems unlikely because, with 
one exception (6), no evidence exists for the presence of the 
lytic pars interarticularis defect in the newbom (7-11). Srudies 
by Vaz et al. (22), l.egaye et al. (23), and Labelle et al. (24) 
suggest that the intrinsic architecture of the pelvis may be an 
important par.uneter, modulating the mechanical .stresses expe
rienced by the lumbosacral junction. This is confinned by the 
higher incidence of spondylolysis in certain sports, previously 
mentioned, and in Scheuermann disease (25). In addition, 
spondylolysis has not been reported in adults (av~ age of 
27 years) who have never walked (26), suggesting that mechani
cal fuctors associated with upright postu.te may play a role. 

TABLE 20-2 Classification of Spondylolisthesis by Marchetti and Bartoloui 

1912Group 

Developmental 

Acquired 

Pathology 

lysis 
Elongation of the pars 

interarticularis 
Trauma 
Acute fracture 
Stress fracture 

latrogenesis 
Pathology 
Degeneration 

1994Type 

Developmental 

Acquired 

Fonn 

High dysplastic 

Low dysplastic 

Traumatic 

Postsurgical 

Pathologic 

Degenerative 

Condition 

Interarticular lysis 
Elongation of the pars 

interarticularis 

Interarticular lysis 
Elongation of the pars 

interarticularis 

Acute fracture 
Stress fracture 
Direct effect of surgery 
Indirect effect of surgery 
Local pathology 
Systemic pathology 
Primary Secondary 

From Marthstti PC. Bartolozzi P.. Classificatioo of SJJDFidvlolislhasis as a guideline for 1matmant. In: Bridwell KH. DeWald Rl Hammerbarg 'lW et al.. eds. Ths t8Xtbook of 
spiool surgery. 2nd ed .• val. 2. Philadelphia. PA: Lippincott-Raven Publishers. 1997:1211-1254. 



Gymnastics 
Figure skating 
Javelin throw 
Weightlifting 

Cheer leading 
Football (Linemen) 
Butterfly stroke 
Volleyball 

The absence of pars interarticularis defects at birth, along 
with the increased prevalence of spondylolysis and spondylo
listhesis among athletes who participate in sports involving 
hyperextension, strongly suggests a mechanical etiology to 
the development of spondylolisthesis (27-32). Several authors 
have postulated that a fUcture is the underlying path.ome-
chanical event in the development of a lytic spondylolisthe-
sis (29, 33-37). This may be either an acute traumatic event 
or secondary to an insidious fatigue failure during repetitive 
stress (38). Wdtse et al. (39) theorized that spondylolysis is 
a stress fraaure in the pars intetarticularis, specifically due 
to repetitive microuawna or microstresses, with inadequate 
healing. Biomechanical studies have suggested that the pars 
interanicularis is the weakest part of the posterior neural 
arch (21, ~36). During flexion and extension, the pars 
interanicularis is cycled through alternating compressive and 
tensile loads. During extension, the pars interarti.cularis expe-
riences posterior compressive forces and anterior tensile fOrces 
(Fig. 20-1) (40). The ability of the pars interarticu1aris to resist 
the compressm and tensile fOrces during flexion and extension 
depends on the thickness of the cortical bone (41). The overall 
resilience of the pars interarticularis is undoubtedly high, as 
evidenced by the generally low prevalence of spondylolist:h.esis 
in the population. 

The importance of the pars intel':U'tiaJla.ris and its ability to 
resist shear stress has been well documented; in contrast, the role 
of the intervertebral disk is less well understood. In the in~ 
morphologically normal spinal motion segment, the interver
tebral disc contributes 60% of the total shear resistance (42). 
A skeletally immature animal model of shear load fOrces demon
strated that, in spines with pars interarticularis defects, the end 
plate (apophyseal ring) most likely was responsible fur the ante
rior listhesis (42, 43). Kajiura et al. (44) confirmed these findings 
and demonstrated that the increasing strength of the growth plate 
during skcleml maturity is the likely reason fur the infrequent 
occurrence of further slippage after the completion of growth. 

I ~~·· r&;· 
~m~uio?~ 

Extension 

FIGURE 20-1. Compressive and tensile forces experienced in the 
region of the pars interarticularis during flexion and extension. 
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Muscle forces 

FIGURE 20-2. Forces that affect distraction of spondylolytic defect 
at L5. 

Once the pars interarticularis defect has been created. ana
tomic and biomecltanical fOrces conspire to prevent spontane-
ous healing of the fracture (Fig. 20-2). The shear fOrces created 
by the body's center of gravity tend to cause anterior displace
ment of L5 on the sacrum beca:use of the effects of gravity, 
muscular activity, and body movement. The posterior muscular 
forces tend to extend the posterior elements, then:by tending to 
open the spondylolytic defect and c.t:c:ate the spondylolisthesis. 
These initial events tend to precipitate a cascade of worsening 
biomechanics as the center of gravity moves progressivdy ante
rior, causing a vector that increases the shear forces at the lwn
bosacral junction. This situation may be eracerbated. by a low 
intercrestalline and small transverse p.rocesses ofL5. resulting 
in muscular and ligamentous connections between the pelvis 
and the spine that are not robust enough to resist the futward 
slippage of the rostral vertebrae on the caudal vertebrae. Loder 
has demonstrated in children with higher grades of lwnbosa
cral spondylolisthesis that the sacrum becomes mon: vertical as 
the slip worsens (45). When the sacrum becomes mon: verti
cal, there is an increase in the thoracic lordosis; this is likely an 
adaptive mechanism to maintain the normal upright posture. 

Although mechanical considerations probably are the 
most significant factors in the development of lytic spondylo
listhesis, genetic considerations have been discussed by some 
researchers (46). Familial studies have documented a high inci
dence (19% to 69%) of spondylolysis and spondylolisthesis in 
first-degree n:latives of children with spondylolysis and dys
plasticor isthmic spondylolisthesis (10, 47-50). Wynne--Davies 
and Scott noted an inc.rc:ased incidence of dysplastic lesions in 
affected n:latives (50). First-degree relatives of patients with 
the dysplastic form of spondylolisthesis had a prevalence of 
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33%, compared to 15% for isthmic spondylolisthesis. These 
authors have suggested an autosomal dominant genetic predis
position, multifactorial and with reduced penetrance. Wtltse, 
on the other hand, suggested that a cartilaginous defect in the 
vertebral analogue may be an autosomal recessive characteristic 
with varying expressivity (32). 

CLINICAL FEATURES 

There are many possible causes for low back pain, and these 
must be distinguished from pain secondary to a spondylolis
thesis. Although back pain is often a presenting symptom in 
spondylolisthesis, many asymptomatic spondylolytic defects 
are identified incidentally on spine or pelvic radiographs. 
Spondylolisthesis incidentally discovered during screening for 
low back pain after trauma is typically a stable, chronic entity, 
probably not a result of the trauma and presenting little, if any, 
risk of a catastrophic structural instability that would result in 
neurologic sequela (51). Mild-to-moderate spondylolisthesis 
does not necessarily predispose to low back pain (52). 

Patients with symptomatic low back pain have a spon
dylolisthesis rate of 5.3% to 11%, whereas in asymptomatic 
patients occult spondylolisthesis may occur in 2.2% (53). 
Libson et al. (54) have documented a twofold increase in the 
incidence of spondylolisthesis in patients with symptomatic 
low back pain, compared to asymptomatic patients. Wtltse 
and Rothman (55) identified 11% of 1124 patients under
going lumbosacral radiographic examination for back pain 
as having either unilateral or bilateral pars interarticularis 
defects. Saraste described radiographic features that correlated 
with low back symptoms: slip of <25%, lA spondylolysis or 
spondylolisthesis, and early disc degeneration at the level of 
the slip (56). The most common period for the spondylolysis 
and spondylolisthesis to become symptomatic is during the 
adolescent growth spun, between the ages of 1 0 and 15 years. 
However, the degree of the deformity does not always match 
the degree of pain (56). 

The history of the patient is a crucial element in the diag
nostic and therapeutic process; although radiographic investi
gations are important in defining the pathoanatomy; treatment 
is typically based on the patient's symptoms, history, and phys
ical examination. The presence of a spondylolisthesis should 
not be presumed to be the cause of the patient's back and/or 
leg symptoms. Muscular strain induced by poor sagittal align
ment and poor muscular tone could also be the cause (57). The 
pain is usually a dull, aching, low back discomfort and is local
ized to the low back with occasional radiation into the gluteal 
region and posterior thighs. This pain is most likely due to the 
instability caused by the pars interarticularis defect, and is gen
erally exacerbated by participation in athletic or other physical 
activity, and relieved by rest or restriction of activities. In a few 
cases, the pain may also follow an acute traumatic episode, usu
ally involving hyperextension during athletic participation. 

The presenting symptoms may also include a change in 
the child's posture or gait, usually noted by his or her parents, 

with or without accompanying pain. This can be present in 
mild degrees of spondylolisthesis, but is much more common 
in more marked degrees of slip. These patients may also present 
with scoliosis. & the degree of slip increases, the correspond
ing pain may cause a muscle-spasm-induced atypical scoliosis. 
Concomitant rotatory displacement of the spondylolisthetic 
segment can also create an olisthetic curve. Conversely; the 
presenting symptoms may be adolescent idiopathic scoliosis, 
with the spondylolysis or spondylolisthesis detected inciden
tally on the radiographic evaluation of the scoliosis. 

It is important to clearly differentiate low back pain 
from radiculopathy. Radicular pain is atypical in the pediat
ric patient, being more common in the adolescent and adult 
(58, 59). If present, aggressive treatment of the radiculopathy 
should be undertaken along with management of the low back 
pain. The neurologic symptoms that accompany spondylolis
thesis may be either unilateral or bilateral radiculopathy; and 
may be either intermittent or chronic. In patients with spon
dylolisthesis and significant degenerative disease, the resulting 
neuroforaminal compression may cause chronic radiculopathy 
or neurogenic claudication. In patients with low-grade slips 
that are hypermobile, intermittent radiculopathy may be a pre
senting complaint. In patients who have central stenosis with 
or without foraminal narrowing, neurogenic claudication or 
cauda equina syndrome may be the presenting symptom. 

The mere presence of a spondylolisthesis does not impli
cate it in the patient's symptoms. Important physical exami
nation parameters include body habitus, coronal and sagittal 
alignment, and spinal mobility. Pain with hyperextension is a 
common finding. The physical examination findings depend 
on whether pain is present, as well as on the degree of spon
dylolisthesis. In patients with spondylolysis and mild spondy
lolisthesis, the back and gait examinations may be completely 
normal, with no hamstring tightness. With increasing degrees 
of spondylolisthesis, there is usually some degree of hamstring 
tighmess. This may significantly restrict straight-leg raising and 
forward bending, and may create postural and gait changes. 
The compensatory increased lumbar lordosis caused by the 
spondylolisthetic kyphosis creates a flattening of the buttocks 
("heart-shaped"), shortening of the waistline, a protuberant 
abdomen, and a waddling-type gait pattern or Phalen-Dickson 
sign (5, 60, 61). The exact mechanism of the hamstring tight
ness remains unclear, but typically resolves after solid bony 
fusion (61, 62). 

Palpation of the lumbosacral area may reveal a stqHlff with 
a prominent L5 spinous process. Palpation of the lumbosacral 
region may also elicit a localized area of tenderness. In addition, 
the child with a severe slip tends to stand with the hips and knees 
flexed because of the anterior rotation of the pelvis, with the gait 
examination demonstrating a shortened stride length caused by 
the patient's inability to extend the hips. Both static and dynamic 
examinations are important for eliciting pettinent symptoms. 
Pain on flexion and extension, with limitation of these motions, 
may suggest hypermobility as the cause of the pain. 
Neurologic examination is typically completely normal, 
but on occasion may reveal a diminished or absent ankle 



deep-tendon reflex or weakness of the extensor h.allucis lonp 
(EHL). Sphincter dysfunction is very rare (63). Provocation 
of neurologic symptoms during dynamic assessment may also 
imply the presence of hypermobility.. Neurologic symptoms 
that correlate dermatome and myotome levels with the level 
of stenosis or lytic instability implicate the contribution of the 
spondylolisthesis to the development of symptoms. Scoliosis, 
which may be seen at the time of the presentation, is of the 
typical idiopathic type or, where there are more advanced 
gr.ules of deoompensation, may be caused by reflc::xive pain 
or spasm ("olisthetic scoliosis"). A thorough evaluation is 
essential to rule out other causations of the individual's pain 
and/or neurologic findings, such as tumors of bone, spinal 
cord, conus or cauda equina, disk herniation, and disk-space 
infection. 

RADIOGRAPHIC FEATURES 
Numerous imaging modalities are required in otder to com· 
pletely document the three-dimensional pathoanatomy of 
spondylolysis and spondylolisthesis (64). Each modality con
tributes a unique view of the various aspects of the pathol
ogy. Plain radiographs are obtained initially with the patient 
in an upright, preferably standing position (Fig. 20-3). Films 
of the patient supine may not show subtle instability (65). 
Initial plain radiographic imaging typically consists of antero
posterior and lateral projections. Left and right oblique pro-
jections can be helpful to visualize subtle defects. Ferguson 
anteroposterior and flexion-enension laterals can also be 
obtained but are not necessary for diagnosis. 

Each of these radiographic views is useful in identifying 
certain aspects of the pathology. The routine posteroanterior 
and Ferguson anteroposterior projections may show spina 
bifida occulta, pars inte.ranicularis defects, lumbar scolio
sis, or dysplastic posterior elements (66). The lateral views 
show vertebral body alignment and often allow identifica
tion of a pars interarticularis defect even when a spondylo
listhesis is not present. Oblique views will often better define 
the pars interarticularis d~. also known as the collar on 
the well~known "Scotty dog" (Fig. 20-4). The diagnosis of 
spondylolysis may be missed in 30o/o of symptomatic young 
patients if a lateral radiograph alone is obtained (67). The 
Ferguson anteroposterior provides an en face view of L5 that 
may improve the visualization of the transverse process and 
the sacrum and may more clearly identify a hlgh.-riding L5 
vertebral body. Flexion-extension views may uncover subtle 
instabilities that are not apparent on static standing views. 
Other important anatomic features that can be identified on 
plain radiographs are rounding off of the anterior comer of 
the sacrum, wedging or erosion of L5 in higher grade spon~ 
dylolisthesis, flexion at the S l-S2 disc, and bending of the 
sacrum (68). In cases of a unilateral defect, the only finding 
may be sclerosis of the facet, pedicle, lamina. or pars interar
ticularis on the intact side opposite the defect, secondary to 
increased bony stresses. 
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RGURE 20-3. Long-cassene upright posteroanterior (A) and lateral 
(B) radiographs show olisthetic scoliosis and also marked forward 
sagittal venical axis. 

MEASUREMENT 
The deformity in spondylolisthesis, usually at the lum
bosacral junction, consists of anterior translation of L5 
on S 1, with obligatory forward rotation of L5 on S 1 into 
lumbosacral kyphosis. The degree of slip can be quantified 
using the Meyerding classification, the percentage of slip 
described by Boxall et al. (Fig. 20·5). or the Newman cla5' 
sification that also describes angular slippage (Fig. 20--6A) 
(5, 27, 69-71). Sagittal rotation, slip angle, and sacral incli· 
nation are all direct measurements of the amount of lumb~ 
sacral kyphosis, and are assessed on spot lateral radiographs 
of the lumbosacral area taken with the patient in standing 
position (72). 

Slip Percentage. The Meyerding classification, which 
grades the slip from grade 0 (spondylolysis) through. grades I to 

IV (spondylolisthesis) and V (spondyloptosis), is probably the 
most functional and widely used technique (70) (Fig. 20~5). 
The amount of anterior translation of the olisthetic vertebra 
on the caudallevd is measured at the posterior vertebral body 
line. This classifies the spondylolisthesis into fM: grades: grade 
I (slip ofl% to 25%), grade IT (slip of26% to 50%), grade III 
(slip of5lo/o to 75%), grade IV (slip of76% to 100%), and 
gmde V (spondyloptosis). Higher grade spondylolistheses have 
been shown to be predictive of spondylolisthetic progression 
(73). Boxall et al. describes a slip percentage that is more pre
cise but requires exa.a measurements (74). On the radiograph, 
a line is drawn along the posterior bonier of the sacrum, and 
a perpendicular line is drawn at the upper end of the sacrum. 
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FIGURE 20-4. Sketches of an elongated pars interarticularis (A) and an acute fracture of the pars interarticularis (B) across 
the neck of the "Scotty dog." 

The anterior displacement of the posteroinferior comer of L5 
from the line along the posterior border of the sacrum is quan
tified as the numerator. The width ofSl forms the denomina
tor, and the slip is expressed as a percentage. In the situation of 
a rounded superior end plate of S 1, the anteroposterior width 
ofL5 is used instead. 

Boxall 

...2L_ = % slip (Boxall) 
X+Y 

RGURE 20-5. Meyerding and Boxall measurement techniques for 
grading spondylolisthesis. 

A limitation of the Meyerding classification is its inabil
ity to describe the rotational component in the sagittal plane 
of the sublu:xing rostral vertebrae. The modified Newman 
classification takes this into account (Fig. 20-6A). In this 
classification system, measurements are taken of both the 
anterior displacement (first number) and the vertical/down
ward displacement of the vertebral body in relation to the 
sacrum (second number). The superior end plate and the 
anterior fac:e of the sacrum are divided into 10 equal seg
ments. The first number is the position of the posteroinfe
rior comer of the L5 vertebra with ~pect to the superior 
end plate of Sl, and the second is the position of the antero
inferior corner of L5 relative to the anterior surface of Sl. 
A score by this method utilizes both numbers, for example, 
7 + 5, with the "7" indicating the amount of sagittal slip and 
the "5" indicating the amount of angular roll of L5 over the 
sacrum. 

Although somewhat tedious, this classification allows a 
continuous scale of 0 to 20 to be applied to each spondylo
listhesis, uniquely describing anterolisthesis and the degree of 
caudal migration of the rostral vertebrae (27, 69, 71) . 

Slip Angle. The slip angle is the most commonly 
described measurement of the lumbosacral. kyphosis ofLS on 
Sl (Fig. 20-6B). On the radiograph, a perpendicular to the 
line drawn at the posterior cortex of the sacrum fonns the 
sacral measuring line. A second line is drawn along the infe
rior end plate ofL5, and the angle formed by these two lines is 
the slip angle that, in the normal condition, is in lordosis and 
is expressed by a negative number (72). Box:all et al. (5) have 
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C=2+0 8=6+1 A=10+9 

A 

A Slipangle 
B Sacral inclination 

a Midpoint of sacral andplate 
C Sacrohorizontal angle 
D Trapemidal wedging of L-5 (y/v') 

B 

b A:lsterior edge of sacral endplate 
c ~rior edge of sacral endplate 

c 
FIGURE 20-6. A: Modified Newman grading system. combining horizontal measuremems as the first number with venical 
measurements as the second number. B: Radiographic parameters for angular measurements in the description of spondylolis
thesis. C: Radiographic parameters and pelvic incidence (posterior instrumentation). 

used the line along the inferior edge of L5 for their measure-
ment, but this edge is often difficult to visualize accurately, 
and when slippage is considerable, the vertebral body is often 
trapezoidal in shape. In such a situation, use of the inferior 
end plate as reference may increase the measured slip angle by 
erroneously adding the measwement of the kyphosis and the 
wedging of olisthetic vertebm.. Slip angles of<+ 45 degrees 
(kyphosis) correlate with an increased risk of slip progression 
(5, 73, 75, 76). 

Sagittal Rotation. The amount of sagittal rotation can 
also be tn.easured, and is the angle between the posterior cortex. 

of the sacrum and the posterior cortex of the 15 vertebral body. 
This sagittal rotation angle should approximately equal the slip 
angle measured as described previously. In higher degrees of 
slip (tr.lnslation or angulation), U may show retrolisth.esis on 
15. In severe slips of <50%, the slip angle ofL4 in relation to 

the sacrum should also be measured, as this will be the new 
lwnbosacral slip angle if surgical management is to be an U 
to Sl fusion. 

Sacral Inclination. The inclination of the sacrum is 
determined by drawing a line along the posterior cortex of 
the sacrum and measuring the angle between that line and 
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a vertical line from the floor (a line drawn parallel to the 
edge of the x-ray film) (Fig. 20-6B). Normal sacral inclina
tion is <30 degrees; however, with higher degree slips, the 
sacrum usually becomes more vertical and sacral inclination 
decreases. 

Pelvic Incidence. This measurement assesses the relation 
between the sacropelvic and the hip joints. Pelvic incidence is the 
angle between a perpendicular-to-superior end plate of S 1 and a 
line fiom the center of the superior end plate of Sl to the center 
of the femoral head (Fig. 20-6C). In normally aligned individu
als, the gravity line should pass through the hip joints. Increased 
pelvic incidence has been shown to correlate with the degree of 
slippage (24, 74, 77). 

OTHER IMAGING STUDIES 

Computed Tomography Scan. A computed tomog
raphy (CT) scan can be utilized in situations in which a 
pars interarticularis defect is strongly suspected on clinical 
evaluation but is not identifiable on the lateral or oblique 
radiographs. CT scans can delineate the pars interarticu
laris defects in the axial plane even when no spondylolisthe
sis is present. On the axial images, the spondylolytic defect 
is identified as a linear lesion of varying width with scle
rotic osseous margins and hypertrophic osteophytes. The 
lytic defect is usually identified in the axial image either 
at, or immediately inferior to, the axial image containing 
the pedicles of the involved vertebrae. CT scans can also 
provide excellent visualization of complex anatomy in the 
coronal and sagittal planes when reformatted images are 
obtained. 

Magnetic Resonance Imaging Scan. Magnetic res
onance imaging (MRI) is an excellent imaging modality for the 
evaluation of the soft-tissue component of the spondylolisthe
sis and can also help define the degree of associated degenera
tive disc disease (78, 79). Degenerative disc disease at, above, 
or below the slip level may be the cause of the patient's pain 
because of nuclear degeneration or annular injury. The MRI 
excels at visualizing the neural elements and the surrounding 
soft tissue, and it is the optimal modality when there is a neu
rologic deficit or the symptoms suggest a diagnosis other than 
spondylolysis or spondylolisthesis. MRI may not be as precise 
as cr myelography in distinguishing the soft tissues from the 
osseous elements of the pathology in high-grade slips; how
ever, this small drawback is offset by the fact that MRI stud
ies do not involve ionizing radiation, myelographic dye that 
could precipitate an anaphylactic reaction, or invasive tech
niques. MRI studies can identify both central and foramina! 
stenosis and provide a good indication of the degree of neural 
compression. A consistent finding on MRI, especially in mod
erate- to high-grade slips, is a large, bulging disc at the level 
of the spondylolisthesis causing neuroforaminal stenosis. In 
addition, the MRI can document the degree of encroachment 

on the neural elements by the exuberant hypertrophic scar tis
sue that forms at the spondylolytic defect. The degeneration 
of adjacent discs can also be discerned by reviewing the MRI. 
The significance and the etiology of the degeneration of these 
adjacent discs are unclear. The MRI and the CT scans are 
also useful in identifying facet joint hypertrophy and degen
eration at the level of the slip and adjacent levels, as these 
factors may also contribute to the patient's low back pain or 
discomfon. 

Bone Scan. In the context of recent onset of pain, or 
when there is a distinct history of trauma, a bone scan may 
be useful for detecting an acute fracture of the pars interar
ticularis or for excluding a bony tumor. Bone scans provide 
information about the metabolic activity of the bone and the 
capacity to form bony union. The most sensitive technique 
is a single-photon emission computed tomography (SPECT) 
scan because of the improved detail that it provides (80). An 
intensely "hot" SPECf scan suggests that the defect is meta
bolically active and could benefit from a period of immobili
zation or, failing this, direct osteosynthesis. A "cold" SPECf 
scan, on the other hand, implies that the lytic defect is chronic 
and metabolically inactive. These defects, when symptomatic, 
are not amenable to nonsurgical treatment such as immobi
lization. In patients with unilateral pars defects, the pedicle 
contralateral to the lesion often shows increased uptake as 
a result of the increased stress placed on it from the lysis. 
Symptomatic lytic lesions of the pars interanicularis that 
respond to local anesthetic injections may be amenable to 
fusion or repair ( 69). 

OTHER DIAGNOSTIC STUDIES WHEN 
INDICATED 

Discography. Discography may be helpful when consid
ering surgical intervention. When a pars interanicularis repair 
is contemplated and the health of the involved disc is not cer
tain, discography may provide useful information about its 
functional quality. If a segmental fusion is required because 
of severe disc degeneration at the level of a pars interarticu
laris defect, and MRI shows degenerative changes at the adja
cent level, discography may be helpful in deciding whether 
the fusion should include the adjacent degenerative level. 
Practically, however, we rarely carry out discography in pedi
atric patients. 

Pathoanatomy. In L5-Sl spondylolisthesis, the bony adap
tive changes occur at both the superior end plate ofSl and at L5. 
At Sl, the anterior lip typically undergoes resorption, thereby 
creating a rounded, dome-shaped surface. The rostral level, usu
ally the fifth lumbar venebra, becomes trapezoidal, specifically 
more narrow posteriorly and wider anteriorly. The amount of 
L5 wedging can be measured in terms of the lumbar index, with 
references to the height of the anterior aspect of the L5 vertebra 



expressed as a percentage of the height of the posterior aspect 
(Fig. 20-6B). Greater slip progressions tend to have lower lumbar 
indices (7, 56). 

The pathoanatomy of neural element compression is 
complex. The fibrocartilaginous scar or hypertrophic callus 
that forms around the lytic defect may be responsible for the 
neuroforaminal compression posteriorly. Anterior to the nerve 
roots, annular bulging of the disc that results from the verti
cal collapse of the disc space and the anterior translation of 
the rostral vertebral body may cause a significant compres
sion of the nerve root against the caudal surface of the pedicle. 
Although radiculopathy is usually caused by neuroforaminal 
stenosis at the level of the lytic defect with impingement of the 
exiting nerve roots, compression of traversing nerve roots by 
an anteriorly translated intact neural arch may cause radicu
lopathy in more distal roots/dermatomes, neurogenic claudica
tion, or cauda equina syndrome. 

Natural History. The natural history of spon
dylolisthesis was reported by Saraste in a 20-year fol
low-up study of 255 patients with spondylolysis and 
spondylolisthesis (56). In this study, 40% of adults showed 
no progression of the slip, and 40o/o showed an additional 
1- to 5-mm slip. Spondylolisthesis was much more common 
than spondylolysis, with approximately 22% of patients initially 
presenting with only spondylolysis. Significant progression of 
the slip occurs in a low percentage of cases, occurring in 4% of 
patients in the series studied by Frennered et al., in 5% of the 
cases studied by Saraste, and in 3% of the 311 patients in the 
series studied by Danielson et al. (56, 75, 81). In the series of 
Fredrickson et al., progression was shown to be unlikely (1.4%) 
after adolescence (7), whereas other authors have reported pro
gression, attributed to disc degeneration, during adolescence 
(17, 78, 82). Beutler reported a long-term follow-up of patients 
with spondylolisthesis and documented that the progression of 
the slippage declined with each decade (83). Various studies in 
the literature have reported that women are more likely to pres
ent at a younger age, and are at greater risk of slip progression in 
higher grade spondylolisthesis, and of having posterior element 
dysplasia and lumbosacral kyphosis of more than 45 degrees (5, 
7, 51, 84, 85). In patients with preexisting lumbar spondylolis
thesis, traumatic injuries usually do not aggravate the condition. 
Floman et al. (51) reported on 200 patients with thoracolumbar 
traUma and documented that major axial skeletal trauma had 
little or no effect on preexisting lumbar spondylolisthesis. 

Several radiographic features have been associated with 
the likelihood of progression of the spondylolisthesis. Some 
researchers have associated the degree of slip at presentation 
with a greater chance of slip progression (60, 76, 86), but 
others have not (56, 75). In the growing child, the amount 
of spondylolisthetic kyphosis or of the slip angle, especially 
when severe, is associated with progression. Other mor
phologic changes found with high-grade slips, for example, 
dome-shaped sacrum and trapezoidal L5, are secondary or 
adaptive changes to the slip and have not been prognostic for 
slip progression (75). 
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TREATMENT RECOMMENDATIONS 
Nonsurgical 
Indications. The natural history of spondylolysis and mild 
spondylolisthesis is generally benign (7, 75, 87). All newly 
diagnosed patients with a symptomatic spondylolysis and/ 
or spondylolisthesis are considered for nonoperative therapy. 
Nonsurgical management regimens generally include observa
tion, activity modification, bracing, and physiotherapy (7, 10, 
75, 58). 

Options. & previously mentioned, most patients with 
spondylolysis are asymptomatic. In the patient with minimal 
to no symptoms, the follow-up will depend upon the child's 
age and growth potential. In the adolescent who has com
pleted growth, no follow-up is necessary. In the growing child, 
however, lumbar radiographs should be obtained at the end of 
growth to monitor any potential for slip formation. The child 
with an asymptomatic spondylolysis can be allowed to partici
pate in all sporting activities without restriction. In the long 
term, most young patients with spondylolysis managed non
operatively, maintain good functional outcome up to 11 years 
after diagnosis (88). In fact, the unilateral defects can undergo 
bony healing, which may take up to 12 weeks; however, the 
bilateral defects may undergo degeneration, with mild slip over 
time (89). Beutler et al. (83) reported on a 45-year follow
up of patients with spondylosis and spondylolisthesis. Patients 
with unilateral pars interarticularis defects never experienced 
slippage over the 45-year period. 

In general, when the child has a symptomatic spondy
lolysis, there is typically a long history of low back pain asso
ciated with activity. Restriction of activity is recommended 
along with physiotherapy emphasizing abdominal muscle and 
spinal extensor muscle strengthening, with short-term bed rest 
reserved for only the most exceptionally symptomatic patient. 
When the patient is asymptomatic, physical activities are 
gradually resumed. 

A common dilemma that faces the spine surgeon is deter
mining the duration of the child's symptoms. Patients with 
increased radiotracer uptake at the pars interarticularis during 
a SPECf bone scan are typically classified as having an acute 
injury or a fracture. In cases in which the scan is positive at the 
pars interarticularis in a patient with more acute onset of symp
toms, immobilization in a cast or brace can be used for symptom 
abatement. The ideal method is to immobilize this area with a 
body cast including one thigh/leg in order to appropriately con
trol the pelvis. Another less onerous option is to use a thoraco
lumbar sacral orthosis (TLSO) with thigh cuff extension. The 
use of a removable brace is better accepted by the patient and 
the family and will allow the individual to perform strength
ening exercises out of the brace. The downside to a removable 
orthosis is the uncertainty of the patient's compliance with 
wearing the brace. Although bracing is a mainstay nonoperative 
therapy, Klein et al. (90) found that bracing does not influence 
the outcome of patients treated nonoperatively for spondylolysis 
or spondylolisthesis after pooling data from 15 observational 
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studies. More prospective data are needed to truly answer the 
effectiveness of bracing in patients with spondylolysis. 

Regarding healing of the pars interarticularis defect, 
varying levels of success have been described, with "healing" 
occurring in 3 to 4 months and typically being documented 
with oblique plain radiographic views or repeat bone scans 
(89, 91-93). In the patient with a cold SPECf scan, the use 
of a TISO can be an option if the back pain is bothersome; 
however, the goal in this situation is not healing of the pars 
interarticularis defect, but rather, the elimination or the pallia
tion of symptoms. 

The nonsurgical options for treatment of spondylolis
thesis consist primarily of observation, activity modification, 
bracing, and physiotherapy, and intervention in the form of 
medications or injections (94). An asymptomatic spondylo
listhesis grade I or II in a skeletally immature child is kept 
under observation for progression with lateral lumbosacral 
radiographs taken with the patient in the standing position. 
A slip of <50% in an asymptomatic mature adolescent is also 
placed under close observation. If there is progression of the 
spondylolisthesis or persistent symptoms, surgical stabilization 
is indicated. 

Activity modification involves the institution of proper 
bending and lifting activities and development of a sustained 
aerobic activities program. This program should aim at 
decreasing recumbent and sitting activities in favor of aero
bic activities in order to facilitate achieving ideal body weight. 
A growing child who presents with low back pain and a spon
dylolisthesis grade I or II is advised to limit all physical activi
ties that exacerbate the low back pain. Resumption of almost 
all activities is possible after symptoms have resolved. 

If the pain does not resolve with restriction of activity, 
the use of a TISO may be beneficial (92, 95, 96). This usu
ally requires a period of 6 to 12 weeks in the brace. Once the 
symptoms are relieved, activities can gradually be resumed. 

Physical therapy activities may be active or passive. 
Although passive modalities may be useful initially, when 
there is acute pain, active physical therapy techniques are 
probably more important in the long term. Examples of 
passive techniques are thermal therapy, massage, phonopho
resis, ultrasound, immobilization, acupuncture, traction, 
and transcutaneous electrical nerve stimulation. These may 
facilitate the patient's acceptance of an active physical ther
apy program by ameliorating acute symptoms. Active physi
cal therapy includes spinal flexibility exercises and muscle 
strengthening, especially abdominal and posterior lumbar 
muscles. Pelvic stabilization techniques are also important; 
these may involve isometric and isokinetic exercises as well as 
aerobic conditioning. 

In the early phases of pain management, medications 
may be important. Nonsteroidal anti-inflammatory drugs 
should be instituted early and are the mainstay of drug ther
apy. Because the use of muscle relaxants and narcotics remains 
controversial, we tend to avoid prescription medication in 
children and teens, if at all possible. If medications are to be 
used, the patient must be informed that narcotics will not 

be prescribed beyond a week or two, and their purpose is to 
facilitate the transition to physical therapy for managing the 
low back pain. Muscle relaxants may likewise be useful in the 
early, acute period to deal with muscle spasms secondary to 
injury. 

Surgical 

Indications. Indications for the surgical treatment of 
spondylolysis and spondylolisthesis can be generalized into 
two categories: slip progression or the presence of persistent 
symptoms. Surgery is indicated in any patient with a slip 
more than 50%, or with progression of a slip between 25% 
and 50%. This group of patients are surgical candidates even 
in the absence of symptoms given their increased risk for 
further slip progression (60, 85, 97, 98). Surgery can be con
sidered for patients with progressive or persistent symptoms 
>6 months refractory to all nonsurgical modalities, such as 
rest, bracing, and physical therapy. 

Options 
Repair of Defect. Pars interarticularis repairs are particularly 
useful in young adults and adolescents. The ideal candidate has 
a spondylolysis of less than a full grade I slip, no degenerative 
disc disease at the olisthetic level, and has failed a full course of 
nonoperative treatment of the symptoms. Given such restric
tive criteria of selection, this technique should be used cau
tiously in patients beyond the adolescent years. The use of pars 
interarticularis injections preoperatively can assist verifying 
that the defect is the sole cause of the back pain. An MRI is 
necessary to assess the involved intervertebral disk and verte
bral end plate in order to identify any degree of disc degenera
tion or end-plate destruction that would preclude a successful 
outcome (17, 99). 

In 1970, Buck described a translaminar screw osteosyn
thesis technique for direct repair (100, 101). He reported 
on 16 patients, out of whom 15 underwent fusion with this 
technique. One patient required salvage with a posterolat
eral fusion following failure of the pars interarticularis repair. 
Several other surgical techniques have also been described 
(102-105). Pedersen and Hagen (106) reviewed 18 patients 
treated with Buck's technique and reponed 83% satisfactory 
results. Like Buck, they recommend pars interarticularis repair 
only in young patients with no degenerative disc disease. 
Bradford and lza presented a technique of transverse process 
wiring bilaterally to fix the loose posterior element and to 
facilitate pars interarticularis osteosynthesis (107, 108). This 
technique has been modified with placement of pedicle screws 
as anchor points for the wiring, rather than the transverse pro
cesses. Of the 21 (of 22) cases available for follow-up, 90% 
obtained solid fusion of the pars interarticularis defect, and 
80% had a good or an excellent result. Bradford and Iza (108) 
were also of the opinion that the technique is best suited for 
patients younger than 30 years without degenerative disc dis
ease. This construct facilitates a compressive osteosynthesis 
across the laminar defect. 



DIRECT REPAIR FOR SPONDYLOLYSIS AND 
SPONDYLOLISTHESIS 
In young patients (younger than 25 years) with spondylolysis 
or grade I spondylolisthesis who have failed nonsurgical care, 
direct repair may provide an ideal alternative to standard pos
terolateral fusion (Figs. 20-7 and 20-8). The technique was 
originally described by Kimura in 1968 (109) and popular
ized by Buck in 1970 (100). In 1968, Scott, from Edinburgh, 
Scotland, first described a simple effective means of repairing 
spondylolysis or low-grade spondylolisthesis defects by the 
use of wiring and grafting (110). The Scott wiring technique 
functions as a tension band from the transverse process to the 
spinous process of the affected vertebrae. Many authors have 
described variations of this procedure with excellent results in 
approximately 90% of patients (108). A pedicle screw can be 
placed and used to secure the tension band wire. The tech
nique as described by Scott and popularized by Bradford and 
Iza is described (108). The procedure can be used anywhere in 
the lumbar spine but is ideal for all defects above L5. 

A sublaminar hook/pedicle screw technique has been 
demonstrated to achieve improved control over the fracture 
fragments, compared to the laminar or spinous process wir
ing technique. This improved technique includes replacing the 
posterior wire with bilateral, sublaminar hooks connected to 
the pedicle screws by a short rod. This facilitates direct com
pression across the lytic defect and provides improved control 
of the loose posterior element. In two small series of patients 
treated with sublaminar hook/pedicle screw constructs, 70% 
to 100% demonstrated clinical pain relief (102, 103, 111). 
The direct pars interarticularis repair is ideal for spondylolysis 
at the L4 level and above because it preserves lumbar motion 
segments. 

A one-level L5 to S 1 posterolateral fusion is performed in 
patients who are unresponsive to nonoperative treatment and 
who are not candidates for direct pars interarticularis repair. 
Traditionally, this has been performed through a midline skin 
incision with an intertransverse process to sacrum fusion, uti
lizing autologous iliac crest bone graft as described by Wiltse 
and Jackson (4). Postoperative immobilization is dependent 
upon the surgeon's preference and various parameters relating 
to the patient. Spica casting for 3 months has been advocated 
on the basis of reports documenting high levels of good and 
excellent outcomes (5, 95, 112-116). However, others report 
good results with no immobilization (93), or immobilization in 
a corset (117) or Boston brace (118). The use of posterior spi
nal instrumentation (i.e., pedicle screw) is gaining acceptance 
because it usually obviates the need for external immobilization 
and can rigidly maintain intraoperative correction. Overall, 
though, it is extremely rare for patients to require a fusion for a 
spondylolysis that fails conservative treatment. 

Surgical intervention should be considered for persis
tently symptomatic spondylolisthesis that does not respond 
to nonoperative management, and that causes pain that pre
vents normal participation in daily and desirable physical 
activities. Additionally, the skeletally immature patient with 
slippage greater than grade II or the mature adolescent with 
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a slip of more than 75% should be treated surgically even in 
the absence of symptoms (60, 85, 97, 98). Surgical treatment 
options for symptomatic spondylolisthesis include decompres
sion, fusion, or a combination of these techniques. In grade I 
and early grade II isthmic spondylolisthesis, the use of in situ 
posterolateral fusion is well established (Figs. 20-9 to 20-13). 
However, for higher grades of spondylolisthesis, the decision
making process becomes more complex, involving decisions 
about the number of levels that should be fused, whether to 
aim for partial or complete slip reduction, whether to include 
anterior fusion, and whether to use instrumentation and post
operative immobilization. 

Decompression, alone or in combination with fusion, 
may be necessary if radicular or neurogenic claudication symp
toms are present. Decompression alone may be a useful tech
nique in patients with spondylolysis or a low-grade (grade II 
or less) spondylolisthesis when the symptoms are primarily 
neurologic and there is little evidence of instability. This situa
tion is more common in adults than in children or adolescents. 
However, even patients with presumed stability and little back 
pain must be informed that decompression in the presence 
of a lytic defect or a low-grade spondylolisthesis may increase 
instability, causing low back pain. Intuitively, one would con
sider foraminotomies either unilaterally or bilaterally rather 
than a significant midline decompression in such a case. In 
1955, Gill et al. reviewed 18 patients treated with complete 
removal of the loose posterior element (Gill laminectomy) and 
reported good results (119, 120). A long-term follow-up study 
of 43 patients, published in 1965, revealed an increased slip 
in 14% of patients, but a 90% satisfactory result in the group 
overall (121). These results, however, have not been univer
sally observed. Osterman et al. reported on 75 patients with 
long-term follow-up averaging 12 years, and although the ini
tial results at the end of 1 year showed fair, good, or excel
lent results in 83% of the patients, these results did not hold 
up over time (122). When these same patients were evaluated 
5 years postoperatively, satisfaction ratings had dropped to 
75%, and the spondylolisthesis had progressed in 27% of 
patients. Marmor and Bechtol described a patient who pro
gressed from a grade II slip to a spondyloptosis after a Gill 
laminectomy (123). In a more dismal review of 33 patients 
with a 7 -year follow-up, Amuso et al. reported 36% poor 
results following Gill laminectomy {124). These authors did 
not observe any significant progression of the spondylolisthesis 
and do not believe there is any correlation between the pro
gression of spondylolisthesis and poor results. 

With the currently available options for stabilization, 
the Gill laminectomy as a stand-alone intervention is not 
a reasonable procedure, especially in a growing child, and 
should always be accompanied by a spinal fusion {119, 120). 
However, decompression is often an important part of the sur
gical treatment of spondylolisthesis, and in patients with lytic 
defects, a Gill laminectomy is an efficient start for achieving a 
wide decompression. It also often results in sufficient autolo
gous bone for fusion of that level. It should be noted that 
the Gill laminectomy alone does not decompress the involved 

Text continued on page 808 
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Direct Repair for Spondylolysis and Spondylolisthesis (Figs. 20-7 and 20-8) 
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FIGURE 20-7. Direct Repair far Spondylolysis and 
Spondvlolisthelis. The pars defect should be cleared of all soft 
tissues using fine curettes of varying sizes. The 1Jansverse ~ass 
is carefully dissected with a Cobb elevator. Exposure of the anterior 
aspect of the transverse process may be aided by the use of a lami
nar elevator or a No.4 Penfield dissector. Great care must be taken in 
e~Cposing this area to avoid injury to the nerve root coursing anteriorly 
and also to the vessels coursing near the intervertebral foramen. A 
single strand of 18-gauge wire is passed anteriorly around the base 
of the 1Jansverse process on either side from the superior to the infe.. 
rior direction and pulled as far medially as possible. The end of the 
wire is then passed superior to the base of tile spinous process of 
tile affected segment and back through tile in1nlspinous ligaments. 
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RGURE 20-8. Two alternatives can be used for faste~r 
ing the wires. One involves passing the ends of the wires 
from one side of the spine, inferior to the spinous process 
of the loose elements. and then eventually securing the 
wires on one side of the spine (A}. The other alternative 
involves tying one knot on each side of the spinous pro
cess to assure stable fixation (8}. Bone graft from the iliac 
crest is harvested through the same skin incision. Prior to 
securing the wires. the spine should be decorticated and 
cancellous bone from tile iliac crest taken and placed onto 
the surface of the defect and lamina in such a way as to be 
trapped by the wires as they are secured (C). The wound 
is then closed in a standard fashion with or without a 
Hemovac drain. 

B 
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Posterolateral Arthrodesis for Spondylolisthesis (Figs. 20-9 to 20-13) 
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RGURE 20-9. Posterolateral Arthrodesis for Spondylolisthesis. The patient is placed prone on a Jackson table, so 
the abdomen remains free. We prefer a midline skin incision, as opposed to the two lateral incisions described by Wilste 
and colleagues {135). This incision should extend to the spinous process one level above the most cephalad vertebrae to be 
fused. Distally the incision can be made straight but extended slightly distally to be able to access the iliac crest for bone 
graft harvest. A: The skin is elevated in the interval between the deep investing fascia of the para spinal muscles and the 
more superficial layer of fascia. The interval between this layer is easily identified in the midline. It is necessary to carry 
this dissection (B) laterally in each direction for about 4 to 5cm. 
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FIGURE 20-10. The sacrospinalis muscles (A) are now split about 3 to 4cm from the midline over the transverse pro
cesses. The fascia is divided sharply (B) with a knife or an electrocautery; then, with a combination of blunt dissection and 
electrocautery, the muscle is split until the tips of the spinous processes are identified. 

FIGURE 20-11. The subperiosteal dissection now proceeds toward the 
midline, staying on the transverse processes. As the lateral surface of the 
inferior facet is cleaned, the dissection proceeds to the facet capsule. 
In the L4 to sacral fusion. the capsule of the L4 to l5 facet is removed. 
as is the capsule of the L5 to S1 facet however. the superior facet of L4 
articulates with L3, which is not included in the fusion. Therefore. the 
dissection of the L4 transverse process should stop before removing the 
capsule of the l3 to L4 facet. which is encountered at the medial extent 
of the L4 transverse process. The dissection then may proceed onto the 
lamina, if desired, in an effort to broaden the fusion mass and incorporate 
the loose posterior elements in the fusion. 

The transverse process of the L5 vertebra is the key to identifying the 
correct levels. In some patients. especially those with more severe slips, 
it may be difficult to identify because it lies directly anterior to the ala of 
the sacrum and may be small. Because of this, it is easy to mistake the L4 
transverse process for thel5 process unless care is also taken to identify 
the lumbosacral facet and follow it down to the transverse process of L5. 
At the same time that the transverse process of L5 is exposed, the ala of 
the sacrum is exposed. Here, the periosteum is thick and adherent, and 
spacial effort is required to ensure that it is well exposed. 
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FIGURE 20-11. We prefer to use a 5-mm burr for decortication because it gives excellent control and provides the abil
ity to completely decorticate all of the transverse processes, the lateral side of the L4 superior facet the lamina, and the 
facet joints. After this decortication is completed (A). a gouge is used to create a hole in the ala of the sacrum. A piece of 
cortical bone (B) is placed in this hole and under the L5 transverse process. This can be difficult in severe slips because the 
transverse process of L51ies adjacent to the ala and anterior to the hole in the ala. In these cases. a piece of cortical bone 
placed anterior to the transverse processes of L4 and into the hole in the ala will accomplish the same result. In mild slips 
(usually not the ones requiring fusion). the piece of cortical bone can extend from the ala to beneath both L5 and L4. This 
has the effect of preventing the muscles from displacing the cancellous bone graft, which is added next. After the bone 
graft is placed, the muscle layers are allowed to fall together. Care should be taken to be certain that the muscles do not 
dislodge the bone graft. If desired, the fascia can be closed to provide better hemostasis. Drains can be used beneath the 
flaps if it is believed necessary, and the midline incision is then closed. 

B 
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FIGURE 20-13. The anteroposterior and lateral radiographs (A,B) of a 13-year-old boy with a history of increasingly 
severe back pain over several years, made worse with activity. It was unresponsive to conservative measures during the 
past year. He underwent a posterolateral arthrodesis. Radiographs 6 months after surgery (C,D) demonstrate a consolidat
ing arthrodesis. 

D 
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foraminal nerve root; to achieve this, an additional dissection 
and a formal nerve root decompression is necessary. Wiltse 
and Jackson ( 4) proposed that root decompression is rarely 
necessary and that the tight hamstrings, abnormal reflexes, 
and motor weakness will recover after posterior fusion alone. 

Fusion is the standard surgical technique for treatment of 
symptomatic spondylolisthesis and is necessary when instability 
(documented on lateral flexion and extension radiographs) and 
low back pain exist. Fusion is probably also reasonable when 
performing primarily decompressive surgery on patients whose 
main symptom is lower extremity radiculopathy, but whose 
spondylolisthesis is grade III or greater, especially in the pres
ence of degenerative disc disease. Available techniques include 
anterior and posterior procedures, either alone or in combina
tion. Posterior techniques include posterior lumbar interbody 
fusions (PUF), transforaminallumbar interbody fusion (TilF), 
and posterolateral fusions with or without instrumentation. 

Numerous historical studies extol the benefits of posterolat
eral uninstrumented fusions (Figs. 20-9 to 20-13). In these stud
ies, fusion rates have ranged from 67o/o to 96%, with 60% to 
100% of the patients showing good results (84, 118, 125-129). 
Although the outcomes of these multiple studies have been 
excellent, the actual pseudarthrosis rate may be much higher 
than reported. Lenke et al. (130) critically evaluated 56 patients 
with isthmic spondylolisthesis treated with in situ posterolat
eral fusions. When strict grading criteria were used, only 50% 
of the patients had bilateral solid fusions, 18% had unilateral 
solid fusions, and 21% had pseudarthrosis. Despite the high 
rate of pseudarthrosis, overall clinical improvement was noted in 
more than 80% of patients who had presented with preoperative 
symptoms of back or leg pain or hamstring tightness. 

Recent studies by Bridwell et al. (131) highlight the ben
efit of instrumentation in achieving improved fusion rates 
and improved outcomes. Other groups have reported high 
fusion rates (90% to 95%) and 90% excellent or good out
comes with instrumented fusions for spondylolisthesis (132-
134). External immobilization postoperatively is typically 
not necessary because the spinal fixation of transpedicular 
instrumentation provides sufficient rigidity; however, in cases 
with poor bone quality, an adjunctive postoperative cast or a 
brace may be helpful. In situ posterolateral fusion continues 
to offer satisfactory results for patients with grade I and some 
grade II spondylolistheses; the risks are within reasonable 
limits, and this technique remains a good approach for this 
category of patients. However, if the surgeon is comfortable 
placing pedicle screws in children, the procedure can provide 
definitive stabilization with less reliance on postoperative 
immobilization. 

For the prototypical low-grade L5-S 1 spondylolisthesis, the 
customary procedure is a posterolateral one-level L5-S1 fusion. 
Extension of the uninstrumented fusion to L4 may be indicated 
for greater degrees of slip (i.e., more than 50%) for two main 
reasons: (a) in high-grade slips the transverse process of LS is 
displaced anterior to the sacral ala, making it difficult to expose 
the transverse process of L5 without exposing the L4-L5 facet 
and L4 transverse process; and (b) the fusion mass placed from 

L5 to the ala will be horizontal and under shear forces, whereas 
graft from the ala to the L4 transverse process will lie in a more 
biomechanically sound, vertical direction. A two-level uninstru
mented arthrodesis may also be necessary in a slip of <50% if 
the transverse process of LS is very small and provides an insuf
ficient posterior bed for the fusion. With the advent of posterior 
instrumentation (i.e., pedicle screws) and anterior structural 
support (i.e., cages), the need for two-level fusion is decreasing, 
because of the high probability of creating a stable, solid bony 
union of the one-level fusion, even for high-grade slips. In addi
tion, even a two-level lA-sacrum uninstrumented fusion is not 
guaranteed to heal in a grade III or N spondylolisthesis. When 
pseudarthrosis and slip progression are noted postoperatively, 
revision fusion with instrumentation is indicated. 

POSTEROLATERAL ARTHRODESIS FOR 
SPONDYLOLISTHESIS 
The treatment of spondylolisthesis is complex and depends 
on the degree of slip, the slip angle, and the symptoms. Until 
recendy, most children who required surgical treatment of 
spondylolisthesis were treated with an in situ arthrodesis with
out instrumentation. Because the posterior dements of the 
affected or slipping vertebrae are detached from the anterior 
body, the fusion is between the transverse processes lateral to 
the facets. Wt.ltse et al. (135) describe a paraspinal sacrospinalis 
muscle-splitting approach to the lower vertebrae of the lumbar 
spine. The advantages that the report cited were a more direct 
approach to the area involved and less bleeding than with other 
approaches. There appears to be much less discomfort postop
eratively with this approach than with a midline approach. 

Minor degrees of slip (<25%) usually do not have a patho
logic slip angle; therefore, surgeons prefer to treat such patients 
with fusion in situ, unless there is demonstrable instability on 
flexion-extension lateral radiographs. However, with a more 
marked deformity in higher grade spondylolisthesis, especially 
in the presence of increased lumbosacral kyphosis and extreme 
spondyloptosis, some degree of reduction is necessary in order 
to realign the lumbar spine over the sacrum in a position that 
will permit a solid fusion with acceptable sagittal alignment. 
Studies on in situ fusions for higher grade slips have reported 
pseudarthrosis rates from 0% to 60% and slip progression rates 
of as much as 25%, gait disturbances, and persistent cosmetic 
deformity. These data have led many to advocate reduction of 
high-grade slips, not only to address these issues but also to save 
motion segments (8, 95, 117, 125, 133, 136-144). Although 
there is some concern regarding the neurologic risk at the time of 
reduction, in situ fusions for high-grade slips have also been asstr 

ciated with adverse neurologic outcomes (94). Schoenecker et al. 
reponed on 12 patients who developed cauda equina syndrome 
after in situ arthrodesis for high-grade spondylolisthesis. Seven 
of the twelve patients had permanent neurologic injuries, which 
were attributed to the prone positioning during surgery and the 
postural reduction of the deformity during surgery (145). 

In order to minimize complications associated with reduc
tion procedures, a sound surgical technique and adherence to 
simple mechanical principles are important, including wide 



laminectomy and complete bilateral nerve root decompression. 
Often nerve root decompression must be performed beyond the 
vertebral column. This is because of soft-tissue constriction of 
the nerve roots within the paraspinal muscles and iliolumbar 
ligaments, which may result in neuropraxia caused by nerve 
root stretch during reduction of high-grade slips. Complete dis
cectomy is necessary in order to release the olisthetic segment. 
Further release and mobilization of the olisthetic segment can be 
achieved by sacral dome osteotomy, which facilitates reduction 
without necessitating excessive vertebral distraction. Although 
excessive distraction may be dangerous, judicious distraction 
is a useful maneuver to help achieve reduction by lifting the 
L5 body out and away from the pelvis. Various techniques for 
achieving distraction have been reported since its initial descrip
tion by Jenkins in 1936 (146). External traction, that is, halo
femoral (64, 127, 147), passive positional reduction (142), 
temporary casting (143), temporary intraoperative hook and 
rod constructs, and distraction using pedicle screw instrumen
tation as a staged part of the surgical procedure can all be useful 
(133, 141, 145, 14S-151). If distraction is used across segments 
that are not to be included in the final levels to be instrumented 
and fused, careful attention must be given to the intervening 
soft tissue to make sure that the uninstrumented facet joints are 
not injured. Overdistraction may result in iatrogenic instability 
of those uninstrumented levels. If excessive distraction is placed 
across the final instrumentation, the pedicle screws may loosen, 
resulting in the loss of fixation postoperatively. 

Posterior translation using reduction pedicle screws is a 
newly available technique. This instrumentation, used in con
junction with appropriate distraction, can constitute a powerful 
reduction method. However, it must be stressed that without 
first achieving appropriate soft-tissue release through a combi
nation of sacral dome osteotomy, discectomy, and distraction 
to provide room to allow posterior translation of the olisthetic 
segment, any attempt at translation with reduction pedicle 
screws is likely to result only in the fracture of the pedicles and 
dislodgement of the pedicle screws. The possible complications 
associated with the reduction procedure, both intraoperatively 
and postoperatively (152, 153), raise questions about whether 
reduction is necessary or even desirable. Petraco et al. (154) 
have suggested that complete reduction causes excessive stretch 
of the L5 nerve root and should therefore not be performed. 
However, this study did not consider the effect that an ade
quate discectomy and sacral dome osteotomy have on shorten
ing the spine, thereby making full reduction safer. Proponents 
for full but judicious and safe reduction point to the improved 
weight bearing, decreased shear stress, and the improved bed 
for fusion provided by a full reduction (133, 155-157). The 
improved biomechanical stability provided by full reduction 
with anterior column support may allow us to perform a 
shorter instrumentation and fusion because of the inherent 
stability found in the fully reduced construct. Once acceptable 
alignment is obtained after reduction, posterior instrumenta
tion and anterior reconstruction with an intradisc graft or cage 
are typically necessary for maintaining the rigidity of the new 
lumbosacral alignment (127, 150, 155-158). As one would 
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expect with these complex: spinal realignment or reduction 
techniques, there is a risk of iatrogenic radiculopathy, and this 
must be borne in mind during the decision-making process 
(90, 153, 157, 158). Perhaps a good compromise is a partial 
reduction of the translation and kyphotic angle component of 
the slip to an acceptable level, which usually entails less neu
rologic risk. As long as the L5-S 1 disk space has been reposi
tioned adequately to allow placement of an intradiscal support 
device, such as an allograft wedge or a cage, the new lumbo
sacral alignment should be biomechanically stable for fusion. 

At present, the role of anterior fusion in the treatment 
of spondylolisthesis is reserved for cases in which it is nec
essary to reestablish segmental lordosis, to increase the size 
of the available fusion bed, or to increase the stability of 
the posterior instrumentation. Multiple studies on anterior 
fusion alone have reported overall good results when com
pared to posterior and circumferential fusions (159-162). 
Issues such as increased pseudarthrosis rate, and lesser cor
rection of slip angle, slip grade, sacral inclination, and sacral 
rotation raise questions about the use of anterior fusion as 
a stand-alone procedure (159-162). Some authors have 
advocated combining anterior structural grafts with poste
rior pedicle screw constructs and posterolateral fusion; this 
approach would theoretically improve fusion rates while 
reducing and maintaining the spondylolisthesis in a more 
anatomic position (134, 157, 159, 163-166). La Rosa 
reported on 35 patients who underwent an instrumented 
posterolateral fusion, out of whom 17 had an additional 
PLIF. At 2-year follow-up, the PLIF group had better cor
rection of subluxation, disc height, and maintenance of 
foramina! area; however, the clinical outcomes for patients 
in the two groups were statistically equivalent (167). 

Bohlman and his associates have reported a single-stage 
technique for interbody fusion and posterior decompression 
for high-grade spondylolisthesis. Along with posterior decom
pression and fusion, this procedure additionally stabilizes the 
spondylolisthesis in situ by placing a fibular strut graft through 
the body of S 1 and into the displaced body of L5 through a 
posterior approach (168, 169). This technique has been shown 
to be effective in primary and revision surgeries, and is associ
ated with a low incidence of transient neurologic deficits (132, 
157, 170). Hanson et al. reported on 17 patients who under
went combined partial slip reduction with dowel fibular strut 
grafts for high-grade dysplastic isthmic spondylolisthesis. Solid 
fusion was achieved in 16 of the 17 patients, and there were no 
cases of neurologic deficits (77) (Figs. 20-14 to 20-19). 

PLIF and TLIF are attractive as surgical techniques for 
the treatment of high-grade spondylolisthesis. The wide expo
sure of the spinal canal at the time of decompression pro
vides ideal access for performing a bilateral PLIF or unilateral 
TLIF, thereby permitting a biomechanically sound fusion 
of all three columns of the spine (157). The intervertebral 
structural grafts increase the surface area available for fusion, 
and permit compressive load sharing through normal spinal 
biomechanics while opening up the narrowed neuroforamen. 
Several series have reported excellent results on combining 



One-Stage Decompression and Posterolateral and Anterior lnterbody Fusion 
(Figs. 20-14 to 20-19) 

RGURE 20-14. One-stage decompression and posterolateral and 
antlrior intertJody fusion. The patient is placed prone on a standard operat
ing room spinal tabla (e.g., spinal frame on a standard operating room table or 
on a special spinal table such as the Jackson table). Care should be exercised in 
turning the patient to the prone position because in unstable high-grade slips, 
particularly in type I spondylolisthesis, the cauda equina is at risk for injury (23). 
One limb should be prepared in a sterile fashion for later fibular bone graft 
har~est. A standard midline approach from L3 to S2 or S3 is made. The spine is 
carefully exposed subperiosteally from the tip of the transverse process of the 
fourth lumbar vertebra to the ala of the sacrum and down to S2 or S3. Care must 
be taken when dissecting the loose posterior element to avoid cauda equina 
injury. 

RGURE 20-15. The loose posterior element of LS is completely removed, 
taking great care not to injure underlying tissues. This is particularly important 
in patients who have had previous surgery. An additional laminectomy of the 
fourth lumbar to the first sacral segments is also perfonned. Extension of the 
laminectomy distally to S2 may later be necessary to allow for dural sac and 
sacral ner~e root retraction later in the procedure. The fifth lumbar nerve roots 
are decompressed by foraminotomy, with excision of the inferior pedicle, disk, 
or both, as required. Occasionally, the pedicle can be drilled and hollowed out 
and the walls collapsed inward to allow for the L5 nerve root to be untatharad. 
The L5 nerve roots are often scarred or compressed by the sacral dome. In 
these high-qrade kyphotic defonnities, the roots are coursing almost directly 
anteriorly. At this juncture, the exposed area should include the dural sac and 
all nerve roots from l4 to S2. 

RGURE 20-16. When preoperative MAl demonstrates a high-grade block because of posterior 
sacral obstruction, an osteotomy of the sacral prominence is accomplished to decompress the sacral 
dural sac. It may occasionally be necessary to remove a portion of the S2 or the S3 lamina to allow 
for adequate dural and nerve root retraction. This is also needed for safe placement of the cannu
lated dri II for the interbody graft placement. The osteotomy of the sacral prominence is done with 
an osteotome, first from one side and then from the other, working underneath the dura. Care must 
be taken when retracting the dural sac and nerve roots. Any dural lacerations should be repaired 
with fine 6-0 suture at the time incurred, and/or with fascial grafting as necessary. Bona wax can 
be used to control sacral medullary bleeding after the osteotomy. When adequate bone has been 
removed, the dural sac will fall forward and therefore accomplish sacral root decompression. 

SACRAL ALA 
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FIGURE 20-11. The dural sac is then retracted to expose the poste
rior aspect of S1. A 0.32-<:m guide pin is inserted in the midline of the 
sacrum directed cranially into the dislocated and displaced body of the 
fifth lumbar vertebra. Fluoroscopic control is mandatory. A 1/2-inch or 
1 0-mm cannulated dri II is introduced over the guide pin, taking great 
care not to perforate the anterior cortex of the fifth lumbar vertebral 
body. The drilling can be done with a hand drill or a power drill as pre
ferred by the surgeon. Cortical perforation of L5 could lead to serious 
complications. with vessel or organ injury. 

B 
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RGURE 20-18. A middiaphyseal fibular graft is har
vested and is trimmed to fit (length; diameter is usually 
compatible with the 10-mm drill) into the drill hole when 
inserted. It is important to make certain that the fibular 
graft does not protrude into the spinal canal after inser
tion. The fibular graft is impacted up to the cortical edge 
of the cephalad surface of the L5 vertebral body. After 
this process is completed. a posterolateral fusion of L4 
to S1 is completed in the standard fashion, with large 
amounts of allograft bone harvested from the iliac crest. 
The wound is closed over a suction drain. Prophylactic 
antibiotics are used preoperatively and parioperatively. 

A 

FIBULAR GRAFT 

B 
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RGURE 20-19. This is a 13-year-old male with a high-grade spondylolisthesis (dysplastic type} who had severe discomfort 
an abnormal gait and neurologic deficit. He had an L5 radiculopathy; weakness of the left EHL and could only lift his left leg 
2 inches off of the exam table {right leg 5 inches}; he had a short stride length gait; bowel and bladder control was normal. 
A: Cross table lateral radiograph with hips in extension on Jackson operating room table. B: and L4 to S2 decompres
sion, L5 nerve root on left severely compressed. Pedicle screws placed l4,5 and S1. A 1 0-mm cannulated drill used to 
make channel from S1 to LS; suction tip in channel on x-ray. C: Intraoperative x-ray showing fibular dowel graft in place. 
D: Intraoperative AP x-ray showing fibular dowel graft in place. E: lateral radiograph 6 months after surgery, demonstrating 
good graft in corporation. F: Ferguson AP view 6 months postsurgery. The patients EHL was now 515: radiculopathy had 
resolved and straight leg raising had improved to 60 degrees. {Case courtesy of Stuart L Weinstein, MD.} 

8 
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FIGURE 20-19. (Continued) 

PLIF with an instrumented posterior reduction and fusion 
(134, 157, 167). 

The kind of postoperative immobilization recom~ 
mended afu:r fusion varies from no immobilization at all (11, 
171) or a brace to a single or bilan:~ spica cast (10, 95), 
with the patient ambulatory or in bed rest. The decision to use 
inunobilization will depend upon several factors such. as the 
patient's body habitus, likdihood of compliance, preoperative 
slip grade and angle, whether the surgery was primary or a 
revision. and the adequacy of redw::tion and instrwnentation 
purchase. If a TI.SO is used, the thigh must be included into 
the brace without a hinge joint, in order to adequately control 
the pelvis. Brace use is continued for 3 to 4 months postopera
tively until solid fusion is noted radiographically. 

Author's Preferred Recommendations 
6111del Spondylolysis. Direct pars interanicularis repair is an 
option in patients with spondylolysis or minimal spondylo
listhesis, with L5 in a lordotic position, and no degenerative 
changes at the olisthetic level. A "hot" SPECT scan at the 
pars interarticularis implies a biologically active defect, mak
ing osteosynthesis a viable option. A .. cold" SPECf scan is a 
relative contraindication to a direct pars interarticularis repair, 
because the lack of biologic activity indicates little inher
ent ability to create a bony union. In addition, the absence 
of neurologic findings is essential, be<:ause the technique of 
direct pars interarti.cularis repair is not amenable to a nerve 
root decompression. 

F 

For low-grade slips in patients requiring fusions, pedicle 
screw and rod constructs provide ample support, particularly 
when anterior interbody support is used. In the case of a mild 
or moderately degenerated disc without significant collapse, 
a posterolate~ instrumented fusion alone may not be suf
ficient, even if a wide decompression is not necessary and a 
large posterolateral surface area exists for fusion. We prefer 
to always stabilize even grade I slips so as to enhance our 
fusion rates. Posterior instrumented fusions without anterior 
spinal fusion may be sufficient in patients with significant 
disk-space collapse at the olisthetic level. The inherent stabil
ity provided by the collapsed disc will decrease the stress on 
the construct and the interface between the screws and the 
vertebrae. However, in patients with a large or hypermobile 
disc, anterior column support may be necessary for an effec~ 
tive reconstruction. 

Grad• II. In patients with grade fi spondylolisthesis, instru
mentation and fusion along with decompression willlikd.y be 
required. Anterior column support in the form of intradiscal 
cages or allograft wedges should be provided in order to ensure 
long-term stability of the construct and to allow for maximum 
correction of segmental sagittal alignment. The anterior col
umn support can be achieved by either an anterior lumbar 
interbody fusion (ALIF) or a PUFfiUF technique. Another 
attractive option is to perform a transperitoneal approach, 
which permits quick and easy access to the disk space, allow~ 
ing complete disc removal and placement of a ~ fOotprint 
inte.rbody spacer while .n:establishlng lordosis. Recscablishlng 



or maintaining segmental alignment of the olisthetic level will 
theoretically protect adjacent levels. 

Grade IIIJIV. For slips of grade III or greater, the surgical tech
nique can be extremely demanding. Because each high-grade 
slip presents with a unique combination of pathologic anat
omy, biomechanics, and clinical symptoms, all surgical tech
niques should be considered and may be useful during any 
reduction and subsequent stabilization of the venebral column 
(157, 164, 168). Slip angle reduction, antetior interbody sup
port, and reconstruction of the anterior column are important 
components of the reconstruction for high-grade slips. With 
appropriate release, a complete discectomy, and possible sacral 
dome osteotomy, antetior column reconstruction may provide 
enough segmental stability to allow monosegmental fixation 
with a high degree of success. This has been advocated by 
Harms et al. (152) for many years. Wide nerve root decom
pression is an essential component in minimizing the develop
ment of iatrogenic nerve root injury at the time of reduction 
of the slip. 

In patients with slips greater than or equal to grade III, in 
whom significant effon is required in order to achieve reduc
tion of the olisthetic segment, fixation distal to Sl (i.e., iliac 
screws) should be provided for stability of the reconstruction. 
For these higher grade slips, a posterior approach for achiev
ing an anterior column reconstruction (i.e., PUF/111F tech
nique} is more practical than an ALIF procedure, for several 
reasons. Because of the forward flexion of the rostral venebra, 
access into the disk space anteriorly may be difficult or impos
sible. Because these higher grade slips often have significant 
posterior element dysplasia and neuroforaminal narrowing, the 
nerve roots should be identified and decompressed before ver
tebral reduction maneuvers are attempted. Failure to achieve 
an adequate decompression before reduction may result in 
severe irreversible nerve root injury. Usually by the time the 
wide laminectomy and the foramina! decompression are car
ried out for bilateral nerve root decompression, the posterior 
aspect of the disc is dearly exposed. This facilitates the PUF/ 
111F technique. Sacral dome osteotomy, which is another 
useful technique for achieving release of the deformity and 
facilitating reduction of high-grade slips, can be performed 
through the posterior approach. The posterior approach is also 
an advantage because of the expansive posterior decompression 
that is accomplished with the Gill laminectomy. 

Grade V. In patients with grade V slips (i.e., spondyloptosis) 
options include L4-sacrum fusion in situ, augmented with fib
ular dowel grafts; posterior reduction as previously discussed; 
or an L5 spondylectomy. The posterior approach with sacral 
dome osteotomy can be used effectively in many of these cases 
(Fig. 20-11) However, we occasionally prefer to treat this 
pathology with a Gaines' procedure, which is a complete LS 
vertebrectomy (172, 173). The first stage of this procedure is 
an anterior LS corpectomy, followed by a posterior approach 
to resect the posterior elements. This technique is followed 
by the reduction of L4 to the sacrum and stabilization with 
pedicle screw instrumentation. Fusion is performed anteriorly 
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and posteriorly. The LS nerve roots are in extreme jeopardy 
during anterior venebral resection because they are usually 
trapped and tethered under the pedides of LS, the posterior 
aspect of the vertebral body of LS, and the anterior conex of 
the sacrum. 

PEARLS AND PITFALLS 

Spondylolysis Repairs. The midline approach permits 
direct access to both spondylolytic repair sites. Preparation 
of the bony bed of the lytic defect with the use of kerrison 
rongeurs and a high-speed burr permits removal of inter
posed fibrous tissue and removal of the avascular bone down 
to bleeding cancellous bone. If the defect is small, compres
sion can be achieved across the defect with the construct of 
choice. However, occasionally the defect is large and compres
sion across this may not achieve bony apposition without sig
nificandy altering the inferior facet joint. In this circumstance, 
the use of small Harms-style titanium mesh cages, compressed 
into an oval shape and filled with cancellous autograft, permits 
compression across the defect without significandy altering the 
position of the inferior articular facet of the lytic segment. The 
use of adjunctive biologics may improve the bony healing rate. 
Traditional constructs (i.e., wire constructs} in spondyloly
sis repairs have not utilized rigid fixation. The use of pedicle 
screws has permitted more rigid fixation of the repair site with 
the use of an infralaminar hook. Significant compression can 
be evenly obtained across both repair sites. 

Spondylolisthesis. The operative treatment of spon
dylisthesis typically centers on grade III and N deformities 
and involves some correction of the slip %-age and the slip 
angle. Greater amounts of reduction (angular and transla
tion) of the spondylolisthesis place increasing tension on 
the LS and S 1 nerve roots and increase the risk of iatrogenic 
neurologic deficit. The use of direct nerve root stimulation 
can be helpful in monitoring nerve root function during 
nerve root decompression and deformity correction. This 
monitoring modality can be especially helpful in the presence 
of preoperative nerve root dysfunction. No absolute numeri
cal value is indicative of nerve root dysfunction; however, 
increases of 2 or 3 mA can be concerning. To minimize the 
chance of iatrogenic neurologic deficit, wide decompression 
of the LS and S1 nerve roots is recommended after perfor
mance of a Gill laminectomy. 

Correction of the slip percentage is important to increase 
the surface area available for fusion, but correction of the slip 
angle is the most imponant biomechanically. This reestablishes 
more normal sagittal alignment of the sacropelvic unit and 
lumbar spine. The use of interbody devices increases the height 
of the pathologically shonened anterior column and permits 
more normal load sharing across the operative site. Placement 
of intetbody devices has been typically performed from ante
rior approach; however, after the Gill laminectomy and 
nerve root decompressions, the disk space is easily accessible 
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via a transforaminal (TilF) or posterior (PUF) approach. 
Many inrerbody devices are available and are surgeon-choice 
as none have proven superiority in spondylolisthesis correction 
and fusions. The other benefit of TIIF/PUF is the creation 
of an anterior fusion. The surface area available for an isolated 
posterior fusion can be very small due to removal of the loose 
posterior elements (i.e., Gill procedure) and usually atrophic 
transverse processes. 

Accessing the disk space can be accomplished via a uni
lateral or bilateral approach. The discectomy and end-plate 
preparation is easier, safer, and more complete when using 
bilateral approaches through the axilla of the nerve roots. 
Distraction across the disk space is possible by commer
cially available disk space distractors and when placed on 
one side permits better visualization of the disk space from 
the opposite side. Sacral dome osteotomy is performed when 
the superior end plate is domed, which permits evacuation 
of disc material anteriorly and better seating of interbody 
devices. 

Current state-of-the-art spine fixation for spondylolisthe
sis are pedicle screws. Multiaxial pedicle screws can be used 
at each level; reduction screws placed at the slip level and any 
cephalad levels permit gradual dorsal reduction of the slip. 
Placement of pedicle screws is routine, except for the pedicle of 
the slip level (typically L5), which have a tendency to be more 
medially inclined than normal. For the routine L5-S 1 grade I 
and II slips, fusion usually is only necessary from L5-S 1. 
Higher grades of slip (III and IV) inclusion of L4 permits 
load-sharing fixation at four pedicle screws and additionally 
increases the fusion bed to include the L4 posterior dements 
and transverse processes. 

Caudal fixation consists ofbilareral S1 pedicle screws and 
another method of sacropelvic fixation to back up the S 1 fixa
tion. The strongest biomechanical construct uses bilateral iliac 
wing screws, which is the preferred technique for grade III 
and greater slips. For milder grade slips (i.e., grade I and m, 
the use of bilateral S2 alar screws is an option; however, it 
is recommended to place anterior body support placed via a 
TIIF or PLIF technique. Debate continues as to the neces
sity of including L4 into the construct, and some authors use 
L4 fixation but do not fuse from L4 to L5 and return at a 
later date to remove the L4 pedicle screws after bony union 
is assured. 

• Asymptomatic grades I and II: If the child is < 10 years old, 
follow up with radiographs every 6 months through 15 
years, then annually until end of growth. No limitations on 
activity are necessary in grade I. Patients with grade II slips 
should avoid contact sports and activities requiring repeti
tive lumbar hyperextension. 

• Symptomatic grades I and II: Nonoperative therapies should 
be tried. Contact sports and those calling for hyperexten
sion should be avoided. Fusion is indicated for patients who 
are unresponsive to all nonoperative interventions. 

• Grades 111/N: Surgical intervention is indicated regardless 
of symptoms. 

COMPUCATIONS 

The reponed pseudarthrosis rate after fusion varies from 0% to 
39% (5, 58, 95, 112, 113, 125, 164), with most of the sources 
reponing <15%. Higher pseudarthrosis rates have been associ
ated with higher grade spondylolisthesis and fusion in situ of 
these deformities (5, 165). 

The magnitude of the slip, as measured by the amount of 
displacement or kyphosis, can increase even in the presence of 
a solid fusion (4, 5, 17, 60, 132, 174, 175). However, it should 
be noted that the fusions reponed on were uninstrumented and 
were assessed with plain radiographs. Cf scans may have been 
able to demonstrate that some of the instances of increased 
slippage were actually caused by the lack of adequate fusion. 
Further slippage following an uninstrumented surgery is more 
common because the removal of midline-stabilizing structures 
at the time of decompression increases lumbosacral instability. 
This is also more common in higher grades of spondylolisthe
sis, in patients with a greater degree of anterior displacement, 
and in slip kyphosis. 

Radiculopathy is the most common complication after 
reduction of spondylolisthesis; it is usually an L5 nerve root 
lesion and has varying recovery rates (90, 153, 157, 158). 
One series on panial slip reduction with the use of a dowel 
fibular strut graft for high-grade slips reported no permanent 
neurologic complications (77). In contrast, acute postoperative 
cauda equina syndrome has been reponed after a simple pos
terolateral fusion without decompression or reduction (138, 
145). This complication can occur through a midline or lateral 
muscle-splitting incision when the patient is prone or laterally 
positioned (112, 145). The cause of this significant complication 
is not definitely known. However, in high-grade slips, the MRI 
scan can demonstrate a cleaved intervertebral disk at the spon
dylolisthetic segment, with the posterior half indenting the 
dural sac. The development of cauda equina syndrome is likely 
secondary to acute neural compression caused by this posterior 
disc fragment in a patient with a marked slip, which partially 
reduces at the time of surgery, causing funher compression of 
the already at-risk neural elements. Patients with high-grade 
slips and the congenital types of deformities are at an increased 
risk for neural compression at the time of surgery. MRI can 
be helpful in these situations by permitting visualization of the 
intervenebral disk pathology and neural compression, since 
such neurologic deficits can occur in the absence of any preop
erative neurologic signs or symptoms {94, 145). 

Prevention of postoperative neurologic deficits is optimal, 
because permanent neurologic deficits can occur postopera
tively, even after immediate decompression of iatrogenic neu
rologic deficits. Patients with spondylolisthesis who experience 
postoperative neurologic deficits should undergo MRI or Cf 
myelogram imaging of the neural elements in order to elu
cidate the causes of the deficits. Any preoperative nerve root 
compression, irrespective of the grade of the spondylolisthesis, 
should be decompressed. Adequate decompression typically 
destabilizes the spine, however, increasing the risk of slip pro
gression, neurologic deficit, and pseudarthrosis and making 



posterior stabilization with pedicle screw constructs an ideal 
option. Intraoperative neuromonitoring can be useful at the 
time of decompression and, if necessary, reduction, so as to 
minimize iatrogenic neurologic deficits. However, somatosen
sory and elecromyographic monitoring may not predict LS 
nerve root deficits, and therefore intraoperative wake-up test(s) 
are strongly recommended. Direct L5 and S 1 nerve stimula
tion is another technique for monitoring nerve integrity more 
closely during various stages of the surgery. Careful neurologic 
follow-up postoperatively is essential in all cases. 
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