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Abstract

Purpose Cerebral palsy is a common neurological disorder that involves spasticity of the extremities and can lead to
lifelong disability. Selective dorsal rhizotomy (SDR) can improve spasticity and quality of life in these patients, but it
may be associated with the development of spinal deformity. Risk factors for spinal deformity after SDR have not yet
been systematically examined.

Methods Medline, Embase, and Web of Science databases were queried for clinical studies reporting incidence of new or
worsening spinal deformity, including scoliosis, after SDR. Variables that represent possible risk factors for deformity were
correlated with reported incidence of deformity.

Results Twenty-two articles for a total of 1485 patients met the inclusion criteria for this study. Deformity occurs among
all patients with a weighted mean incidence of 28.0%. Scoliosis appears to be the most common deformity occurring
with a weighted mean incidence of 31.6%. There is substantial heterogeneity between studies, limiting our analysis.
Significant positive correlation was found between percent of patients that developed any type of deformity and the ratio
of female to male patients, p =0.02. Significant positive correlation was also found between percent of patients that
develop scoliosis and the ratio of female to male patients, p <0.01, and between scoliosis and the number of years to
follow-up, p<0.01.

Conclusion Spinal deformity is an important potential complication of SDR with scoliosis being the most common type
of deformity. The major risk factor for postoperative deformity is female sex. Deformity was also found to significantly
increase with extended follow-up, indicating a slow process that should be carefully monitored.

Keywords Rhizotomy - Selective dorsal rhizotomy - Cerebral
palsy - Spasticity - Scoliosis - Spinal deformity
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Introduction
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s Cerebral palsy is a neurological disorder with an inci-
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5 o ) ) . Patients may have lifelong disabilities, including spastic-
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and painful muscle contractions [2—5]. A recognized treat-
ment for long-term reduction of spasticity in this patient
population is selective dorsal rhizotomy (SDR), a surgical
procedure initially described in 1911 by Foerster [6].
Trials studying outcomes of SDR have been published
since the 1980s, with varying levels of success and com-
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plications. Importantly, the rate of long-term complica-
tions, such as spinal deformity, including scoliosis, ky-
phosis, lordosis, and spondylolysis or spondylolisthesis,
frequently differs between studies, and a true rate is
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Fig. 1 Flow chart demonstrating
search method and results

Medline, Embase, Web of Science
12/01/2017-01/01/2018

760 Results

721 excluded for not reporting
spinal deformity

39 articles reported 5 excluded for not
spinal deformities quantifying
following SDR deformities
procedure

3 excluded as case
reports

4 excluded for
duplicate data already
included

22 articles selected

unknown. Risk factors that may contribute to a higher
chance of deformity after surgery are similarly unknown
and important for surgeons and providers to know when
discussing risks and benefits of the procedure with indi-
vidual patients.

Children who undergo vertebral surgery are especially
susceptible to deformity due to the mechanics of their
still-developing bone tissue, as seen in patients undergo-
ing laminectomy for treatment of spinal tumors [7].
Furthermore, prior studies have noted that spinal deformi-
ty is common in patients with cerebral palsy, even in the
absence of previous operative intervention [3, 4, 7-10].
Thus, differentiating an accelerated progression and in-
creased incidence of spinal deformity due to surgical in-
tervention, as opposed to deformity secondary to the nat-
ural history of cerebral palsy, is important, but difficult.
Additionally, in order to protect patients from potentially
avoidable complications, it is essential to identify vari-
ables that may increase the risk of deformity. This sys-
tematic review focuses on the long-term incidence of spi-
nal deformities after SDR, with a primary interest in the
development of scoliosis. The aims of this systematic re-
view are to describe the progression of spinal deformities
in the postoperative SDR patient and to identify risk fac-
tors that correlate with increased rates of spinal deformity.
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Methods
Search strategy

A systematic review was conducted during December
2017 according to PRISMA 2015 guidelines [11]. Papers
were found by querying Medline, Embase, and Web of
Science with the following search terms: “selective dorsal
rhizotomy” AND “complication,” “selective dorsal rhizot-
omy” AND “scoliosis,” “selective dorsal rhizotomy”
AND “follow up,” “selective dorsal rhizotomy” AND
“long term,” “selective dorsal rhizotomy” AND deformi-
ty,” and “selective dorsal rhizotomy” AND “spine.”
Relevant review articles found during this process were
examined, and individual references from those articles
were manually searched using PubMed or Google
Scholar.

All articles that reported spinal deformity outcomes after
surgery, including scoliosis, kyphosis, lordosis, hyperlordosis,
or spondylolysis or spondylolisthesis, were included. New
onset as well as progression of deformity were included.
Papers that reported incidence of spinal corrective surgery,
but not incidence of all spinal deformity, were not included.
Papers were excluded when it was explicitly stated that the
patients were included in a cohort analyzed in a different paper
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Table 1 Values of means of variables reported by each paper. Variables that were not reported in that paper are denoted by “—”

Author Number of  Years to Age Preop Percent  Extent of laminectomy Upper Lower Percent Year

patients follow-up (years) GMFCS female (number of levels) level level rootlets cut  published

Abbott 150 - 4.6 - - 5 L1 L5 - 1992
et al.

Bolster 29 5.0 - 2.7 34.5 4 L2 L5 50.0 2013
et al.

Farmer 101 6.0 - - - - - - - 2007
et al.

Funketal. 72 2.75 72 22 40.0 L1 S2 55.0 2016

Golan 98 5.8 5.1 - 38.8 L1 S2 - 2007
etal.

Hurvitz 88 214 6.0 34 42.0 5 L2 S1 - 2013
et al.

Johnson 34 8.6 6.0 - - 5 L2 S1 48.0 2004
et al.

Langerak 30 214 52 1.7 433 - - - - 2009
et al.

Lietal 61 6.3 6.9 - 31.1 5 L2 S1 - 2007

Meyer 21 6.8 5.1 - - - - - - 2003
et al.

Nordmark 35 5.0 4.5 1.9 314 5 L1 L5 40.0 2008
et al.

Park etal. 294 17.2 72 23 422 - - - - 2017

Peteretal. 55 4.5 6.5 - - 5 L2 S1 - 1990

Peteretal. 99 - - - - - - - - 1993

Spiegel 79 5.8 - - 40.5 5 L1 L5 39.0 2004
et al.

Steinbok 105 43 - 2.8 46.7 6 L1 S1 53.8 2005
etal.

Turietal. 43 53 6.8 - 349 5 L2 S1 65.0 2000

Van Schie 33 6.0 6.6 24 36.4 4 L2 L5 - 2011
et al.

Yasuoka 58 - - - - - - - - 1982
et al.

that was already included. All articles included were retro-
spective level III evidence studies.

Two authors (MW and PJS) independently performed da-
tabase searches and reviewed abstracts and full texts of rele-
vant manuscripts. The third author (AT) reviewed the two lists
of included manuscripts and resolved any differences, com-
bining them into a single list.

Data extraction

Two authors (MW and PJS) independently reviewed the
full text of each paper and recorded spinal deformity in-
cidence, as well as variables reported by the individual
study. The third author (AT) reviewed all extracted data
and reconciled any differences. Recorded variables in-
cluded number of patients, gender ratio, years during

which surgeries took place, duration of follow-up after
surgery, average baseline GMFCS scores [12], age at ini-
tial surgery, levels of laminectomy, levels of rhizotomy,
type of deformity, and percentage of rootlet cut.

Statistical analysis

Statistical analysis was performed, and plots were created
using R (R Foundation for Statistical Computing, Vienna,
Austria). Means were weighted by variance. Correlation of
incidence of spinal deformity to single variables was done
using linear regression analysis, weighted by variance.
Funnel plots were constructed by plotting incidence of defor-
mity against number of patients [ 13]. /* statistic was calculated
according to Higgins et al. [14].

@ Springer



1028

Childs Nerv Syst (2020) 36:1025-1035

a
Study Incidence
Hurvitz 0.410 —-—
Langerak 0.400 ——
Li 0.164 —--
Golan 0.527 —--
Steinbok 0.548 -
Johnson 0.882 ==
Spiegel 0.278 -
Turi 0.360 ——
Bolster 0.069 —=
Yasuoka 0.241 —-—
Meyer 0.240 ——
Peter 0.412 —&—
Park 0.280 -
Funk 0.100 =
Van Schie 0.090 —=
Nordmark 0.343 ——
Farmer 0.628 ==
Abbott 0.000 =
Peter 0.200 -
Sindou 0.170 —=—
Tedroff 0.050 —=
Ailon 0.068 =
Summary 0.280 -

0 0.2 0.4 0.6 0.8

Incidence

0.91

=]
=3

0.31

0.0 v .

0 100 200 300
Number of Patients

Fig.2 a Forest plot of incidence of spinal deformity by study, with error bars representing 95% confidence intervals. b Funnel plot of incidence of spinal
deformity against number of patients by study, demonstrating asymmetry and heterogeneity

Results
Search results

Initial search results returned 760 published articles, in-
cluding identified search terms. Of these, 39 articles re-
ported spinal deformity as an adverse outcome following
rhizotomy surgery. Of the 39 articles, 5 were excluded for
not quantifying deformities, 3 were excluded as case re-
ports, and 4 were excluded due to reporting outcomes of
patients that belonged to a cohort that had been reported
in a separate, included article. Altogether, 22 articles with
a total of 1485 patients were included in this review
(Fig. 1) [3, 15-35].

Several variables were virtually identical between stud-
ies, notably those relating to surgical technique, such as
the use of electrophysiology recordings during surgery, as
well as the initial diagnosis (spastic cerebral palsy
predominating over other conditions). Several variables
were reported in only a few studies and were not useful
to the review—these included GMFCS score preopera-
tively and postoperatively, the presence of truncal or up-
per extremity involvement, and preoperative deformity
angles. Importantly, some variables, including
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postoperative deformity angles, were not reported in a
consistent manner between studies, making direct compar-
isons impossible. The more frequently reported variables
are shown in Table 1.

Incidence of spinal deformity

The mean incidence of spinal deformity at follow-up is 28.0 +
9.1% (Fig. 2a). A funnel plot of incidence against number of
patients shows significant asymmetry (Fig. 2b, rank
correlation test of asymmetry p = 0.28). I statistic is calculat-
ed to be 94.2, suggesting substantial heterogeneity between
studies.

Incidence of spinal deformity at follow-up as a percent-
age of patients at follow-up was plotted against several
variables. Correlation coefficients were calculated,
weighted by variance (Table 2). A significant positive
correlation was found between the incidence of spinal
deformity and the ratio of female to male patients in the
study (Fig. 3a, p =0.02). There was a strong trend towards
a positive correlation between incidence of spinal defor-
mity and the number of patients in the study (Fig. 3b, p=
0.09).
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Table 2 Comparison of risk

factors to incidence of spinal Author Number  Total Scoliosis Kyphosis Lordosis Spondylolysis/
deformity. Spinal deformity is of incidence (percent of  (percent of  (percentof  spondylolisthesis
reported as the percentage of all patients (percent of all  all patients)  all patients)  all patients)  (percent of all
patients who underwent SDR and patients) patients)
developed new or worsening
up, calculated as the mean of all etal.
incidence values reported by Bolster 29 6.9 35 0.0 0.0 6.9
individual studies, weighted by et al.
variance, with a 95% confidence Farmer 101 62.8 44.6 0.0 0.0 17.8
interval. All other means are etal.
similarly calculated as the mean Funketal. 72 10 9.72 0.0 0.0 0.0
of values reported by individual - )., 98 52.7 39.8 102 17.4 18.4
§tudles, with 95% confidence ctal.
intervals. R-squared values are Hurvitz 88 41.0 41.0 0.0 0.0 0.0
calculated by correlating the value
of a variable reported by an etal.
individual study with the Johnson 34 88.2 441 26.5 50.0 23.5
incidence of spinal deformity etal.
reported by that study. p values Langerak 30 40.0 56.7 47.0 47.0 21.0
are calculated similarly etal.
Liet al. 61 16.4 1.6 1.6 18.0 13.1
Meyer 21 24.0 23.8 0.0 0.0 0.0
etal.
Nordmark 35 343 14.3 0.0 0.0 8.6
etal.
Parketal. 294 28.0 279 0.0 0.0 0.0
Peteretal. 55 41.2 16.4 55 7.3 9.1
Peteretal. 99 20.0 0.0 0.0 0.0 20.2
Spiegel 79 27.8 20.3 41.8 34.2 114
etal.
Steinbok 105 54.8 55.2 0.0 0.0 0.0
etal.
Turi et al. 43 36.0 30.2 47 11.6 23
Van Schie 33 9.0 3.0 0.0 0.0 6.1
et al.
Yasuoka 58 24.1 24.1 0.0 0.0 0.0
et al.
Mean 73.6 29.4 24.0 7.2 9.8 8.3

Types of spinal deformity

Of the 22 articles, 19 (1406 patients total) broke down
total incidence of spinal deformity into types of spinal
deformity, which were placed into categories of scoliosis
(lateral curvature of the spine), kyphosis (excessive con-
cave curvature), lordosis (excessive convex curvature),
and spondylolysis or spondylolisthesis (defect or slippage
in vertebra) (Table 3) [3, 15-32]. The majority of studies
had patients who developed new or worsening scoliosis;
17 of 19 reported scoliosis and 12 studies had patients
who developed spondylolysis or spondylolisthesis.
Fewer articles reported kyphosis (7 studies) or lordosis
(7 studies).

Incidence of scoliosis

Of 19 articles that reported type of spinal deformity, 17 of
them had patients who developed new-onset or worsening
scoliosis at follow-up (337 of the 1406 patients), while 2 stud-
ies reported only non-scoliosis deformities. The mean weight-
ed incidence of scoliosis at follow-up is 31.6 = 8.4% (Fig. 4a).
A funnel plot of incidence against number of patients shows
significant asymmetry (Fig. 4b, rank correlation test of
asymmetry p = 0.25). I statistic is calculated to be 47.9, sug-
gesting moderate heterogeneity between studies.

We correlated the incidence of scoliosis in all 19 articles
against all other variables, weighted by variance (Table 4).
There is a significant positive correlation between the
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Fig. 3 a Plot of incidence of spinal deformity against ratio of female to male patients by study, with regression line. Error bars represent 95% confidence
intervals. b Plot of incidence of spinal deformity against number of patients by study, with regression line. Error bars represent 95% confidence intervals

incidence of scoliosis and the ratio of female to male patients
in each study (Fig. 5a, p <0.01). There is also a significant
positive correlation between incidence of scoliosis and the
number of years to follow-up (Fig. 5b, p<0.01).

Discussion
Overall incidence of deformity after SDR

In this review, we have examined rates of spinal deformity
after selective dorsal rhizotomy, as reported in a large number
of clinical studies. We found that the incidence of spinal de-
formity after SDR is highly variably reported, with some stud-
ies reporting incidence as high as 88% [21], some as low as
0% [15], and an average incidence of 28%. It is important to
note that this incidence is very close to, or slightly higher than,
the generally accepted rate of 20-25% that occurs as part of
the natural history of cerebral palsy [10].

In studies that differentiate between different types of spi-
nal deformity (scoliosis, kyphosis, lordosis, spondylolysis/
spondylolisthesis), scoliosis appears to be the most common
complication, with an average incidence 31.6%. Kyphosis
appears with an average incidence of 6.8%, lordosis 18.6%,
and spondylolysis/spondylolisthesis 10.6%. However, there is
significant variation between studies in these rates. For exam-
ple, one study reported an incidence of kyphosis of 47% [17]
and 12 studies reported an incidence of 0% [3, 15, 16, 20, 22,
24-31]. This discrepancy could reflect differing definitions of
what angle constitutes kyphosis, methods of interpreting ra-
diographic data, or incidence in reporting kyphosis/lordosis.
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Alternatively, it is possible that patients with scoliosis were
more likely to present for follow-up than patients with other
types of deformity, pointing to possible selection bias in stud-
ies that report 0% prevalence of other types of deformity.

Risk factors for spinal deformity

There are many variables, including patient characteristics and
surgical techniques, that are likely predictors of an increased
risk of spinal deformity. Based on the variables that did have
significant correlations, or correlations trending towards sig-
nificance, we conclude that being female is likely a risk factor
for postoperative deformity, which is in line with previous
studies. Female cerebral palsy patients are more likely to de-
velop scoliosis than male patients in the natural history of the
disease, although the cause for this is not entirely clear [14,
36-38]. It has been suggested that females may present with
deformity at an earlier age due to faster spinal maturation [37].
It is possible that in the SDR population, males develop de-
formity at a slower rate, and so corroborate our finding of
longer follow-up being a predisposing factor to deformity. In
the end, due to a lack of control groups in these retrospective
studies, it is impossible to determine that attributable risk of
being female or of having surgery, to the development of
scoliosis. It is reasonable to conclude that laminectomy for
SDR may not pose any increased risk for the development
of spinal deformity beyond the natural history of the disease.

Studies with longer time to follow-up have higher inci-
dence rates, indicating studies with short follow-up periods
may not have allowed enough time to pass to adequately as-
sess long-term complication rates. This is an important finding
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Table 3 Subtypes of

postoperative spinal deformities Author Number  Total Scoliosis Kyphosis Lordosis Spondylolysis/
reported by individual papers. of incidence (percent of  (percent of  (percentof  spondylolisthesis
Incidence of each subtype is patients (percent of all  all patients) ~ all patients)  all patients)  (percent of all
reported as a percentage of all patients) patients)
SDR patients, with means
weighted by variance. All articles Abbott 150 0.0 0.0 0.0 0.0 0.0
included were retrospective level etal.
1II evidence studies Bolster 29 6.9 35 0.0 0.0 6.9
etal.
Farmer 101 62.8 44.6 0.0 0.0 17.8
etal.
Funketal. 72 10 9.72 0.0 0.0 0.0
Golan 98 52.7 39.8 10.2 17.4 18.4
etal.
Hurvitz 88 41.0 41.0 0.0 0.0 0.0
etal.
Johnson 34 88.2 44.1 26.5 50.0 235
et al.
Langerak 30 40.0 56.7 47.0 47.0 21.0
etal.
Lietal 61 16.4 1.6 1.6 18.0 13.1
Meyer 21 24.0 23.8 0.0 0.0 0.0
etal.
Nordmark 35 343 143 0.0 0.0 8.6
etal.
Parketal. 294 28.0 279 0.0 0.0 0.0
Peteretal. 55 41.2 16.4 5.5 7.3 9.1
Peteretal. 99 20.0 0.0 0.0 0.0 20.2
Spiegel 79 27.8 20.3 41.8 342 114
etal.
Steinbok 105 54.8 55.2 0.0 0.0 0.0
etal.
Turi et al. 43 36.0 30.2 4.7 11.6 23
Van Schie 33 9.0 3.0 0.0 0.0 6.1
etal.
Yasuoka 58 24.1 24.1 0.0 0.0 0.0
et al.
Mean 73.6 29.4 24.0 7.2 9.8 8.3

that future studies should take into consideration, in order to
avoid premature follow-up and reporting of data.
Furthermore, it suggests that clinicians should take care to
monitor their patients for onset of deformity for potentially
decades after surgery and that adult neurologists and neuro-
surgeons should be trained to watch for deformity in patients
that they inherit from their pediatric counterparts.

‘We note that publications with higher patient sample sizes
report higher rates of spinal deformity. This most likely re-
flects reporting bias in the current literature. It is possible that
larger studies are better representations of all the surgeries that
have been performed at a center and their outcomes and that
smaller studies are more similar to case series, published by
authors who are more optimistic about outcomes and the use-
fulness of the procedure.

Finally, it is important to note that the SDR procedure has
been found to have similar rates of spinal deformity when

comparing to that of the natural disease progression in cerebral
palsy. Thus, this argues that the SDR procedure only does not
significantly increase the risk of spinal deformity compared to
the natural process making it an effective and useful surgical
procedure for those patients suffering from spasticity.

Other possible factors

There are other variables that have been hypothesized to
contribute to increased risk of deformity that did not come
out in our analysis. First, due to the continuous develop-
ment of vertebral structural mechanics throughout child-
hood, it seems reasonable that older children are less like-
ly to suffer from deformity than younger children and that
studies with a younger population at the time of surgery
would have higher incidence, as has been shown to be
true in patients undergoing laminectomy for indications

@ Springer
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Fig. 4 a Forest plot of incidence of scoliosis by study, with error bars representing 95% confidence intervals. b Funnel plot of incidence of scoliosis
against number of patients by study, demonstrating asymmetry and heterogeneity

other than cerebral palsy [7]. However, we found no cor-
relation between age and deformity rate. This is hard to
draw conclusions from and may be due to the fact that the
average age at surgery was very similar between studies.
Second, GMFCS may be an important predictor of post-
operative deformity, but too few papers reported it, and,
so, analysis did not provide any meaningful information.
However, investigation of GMFCS scores as a predictor
of postoperative deformity would be valuable in a future
prospective study. Finally, it is possible that laminoplasty
may result in fewer complications than laminectomy, due
to altered structural forces in the vertebral column [8, 39].
Unfortunately, only 6 of our included studies reported
using laminoplasty, including one study that reported
using both [19-22, 28, 30]. Furthermore, all studies that
reported their techniques reported laminectomy of 4—6
vertebral levels, making it impossible to compare out-
comes against operations involving only 1-2 levels.
Improved reporting of surgical technique and reporting
of individual patient data in future studies would allow
this to be examined more thoroughly.

Our findings are in line with what is known about the
pathophysiology of spinal deformity and agree with find-
ings from other patient populations. For example, it is
understood from studies involving laminectomy in pedi-
atric cancer patients, cadaveric human spines, and porcine
spines that laminectomy fundamentally alters the biome-
chanics of the spine, with laminectomy leading to

@ Springer

increased spinal range of motion in response to flexion,
extension, lateral bending, and rotation [7, 8, 39—41]. It is
possible that operations involving greater numbers of
laminectomy may lead to greater biomechanical instabili-
ty, which may be a risk factor for development of defor-
mity. The development of spinal deformity in this patient
population likely corresponds to altered biomechanics and
may indicate diminished functional reserve of the child’s
musculoskeletal system to respond to laminectomy and
prevent the development of spinal asymmetry [8, 9, 39].
A larger study with rigorous documentation of individual
patient data may well be able to predict risk based on
several variables including gender, GMFCS, and extent
of surgery.

Limitations

Sources of weakness in this review include widely disparate
incidence rates between studies, including rates as low as 0%
in some studies, and lack of individual patient data,
prohibiting the use of more advanced statistical techniques,
such as multivariable linear regression. This is apparent in
the funnel plots and P statistics, which show considerable
heterogeneity and variability between studies. A lack of con-
sistent reporting between studies is likely responsible for
much of the differences between studies, and a dearth of in-
formation in some studies on how data was collected may be
hiding real incidence values. Generally, the quality of the
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Table 4 Comparison of risk i
factors to incidence of scoliosis. Variable Mean R-squared p value
Scoliosis is reported as the Scoliosis 24.01+8.44 - -
percentage of all patients who Time to follow-up (years) 8.15+2.6 0.22 0.07
underwent SDR and developed
new or worsening deformity of Age at surgery (years) 5.98+0.44 0.028 0.58
any kind at follow-up, calculated Pre-operative GMFCS score 242+0.24 0.001 0.85
as the mean of all i1.1ci<.1e.nce Earliest year surgery was performed 1988.3+3.9 0.080 0.25
valuF:s ep ohrted by 1nd1v1.dua1 Latest year surgery was performed 1998.4+4.2 0.030 0.49
studies, weighted by variance, )
with a 95% confidence interval. Percentage of patients that were male 61.5+2.2 0.57 0.004
All other means are similarly Number of levels of laminectomy 5.1£0.29 0.29 0.06
calculagecg as tg? r'r(;ealll of:;alues Percentage of rootlets cut 50.1+4.1 0.54 0.61
reported by individual studies, .
with 95% confidence intervals. R- N@ber of subjects 78.2+28.1 0.001 0.89
squared values are calculated by Published year 2004.3+4.2 0.028 0.49
correlating the value of a variable ]
reported by an individual study Variable Mean p value
with the incidence of scoliosis Beginning laminectomy level 0.77
reported by that study. p values L1 23242156
are calculated similarly ’ ’
L2 20.0+17.05
Ending laminectomy level 0.11
L5 8.2+10.73
S1 31.43+£20.65
S2 24.76 £191.06
Beginning rhizotomy level 0.58
LI 14.99 +£66.9
L2 23.97+14.67
Ending rhizotomy level 0.24
S1 13.06 +33.0
S2 28.25+18.0
Post-hoc comparison of ending laminectomy level =~ Mean difference Confidence interval Significant
L5 vs S1 —23.23% —50.44%, 3.981% No
L5 vs S2 —16.56% —54.15%, 21.04% No
S1vs S2 6.67% —30.02%, 43.36% No
studies is low, as seen by the fact that all of the studies are Conclusion

retrospective level III evidence studies. Furthermore, differ-
ences in surgical techniques between institutions and individ-
ual surgeons, differences in measuring and reporting deformi-
ty angles, and differences in follow-up all likely contribute to
disparities between studies. With increasing numbers of pa-
tients undergoing this surgery, future studies are likely to im-
prove in consistent methods of reporting and protocols.

One limitation of our methodology is that we have only
examined papers reporting incidence of spinal deformity in
this population. However, there are many studies examining
the outcomes of SDR in children with cerebral palsy that did
not report spinal deformity. It is possible that studies with
higher incidence rates of deformity are more likely to report
it as an outcome than studies with low incidence, where the
authors may feel it is unnecessary to report it. This may intro-
duce an amount of selection bias into our analysis, again
highlighting the importance of consistent reporting of results
in future studies.

The incidence of spinal deformity after SDR is an important
complication to consider when deciding whether to proceed
with the procedure, and when educating patients about long-
term outcomes. Spinal deformity can have a major impact on
quality of life and should be weighed against the degree of
spasticity and current quality of life. This review demonstrates
that there are several possible predisposing factors that in-
crease the risk of spinal deformity, including that males may
be slightly less susceptible than females. Age at the time of
surgery does not have a clear effect on long-term incidence,
and studies that report longer time to follow-up report higher
incidence of spinal deformity, which suggests that spinal de-
formity should be vigorously screened for throughout the life
of the postoperative patient in order to provide timely inter-
vention. Finally, we demonstrate that incidence of spinal de-
formity after SDR is likely no different, or only minimally
higher, than in the natural history of cerebral palsy.
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Fig. 5 a Plot of incidence of scoliosis against ratio of female to male
patients by study, with regression line. Error bars represent 95%
confidence intervals. b Plot of incidence of scoliosis against number of
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