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Comparison of baseline characteristics and postoperative 
complications in neuromuscular, syndromic and congenital 
scoliosis
Lorenzo R. Devezaa, Barkha N. Chhabrab, John Heydemannb, Chun Hunga,  
Dallas Vanornya, Dion Birhirayb and Benny Dahla,b,c  

Nonidiopathic scoliosis encompasses a group of 
diagnoses, including neuromuscular scoliosis, syndromic 
scoliosis and congenital scoliosis. The objective of this 
study was to compare the preoperative and postoperative 
clinical differences in pediatric nonidiopathic scoliosis 
patients with neuromuscular scoliosis vs. syndromic 
scoliosis/congenital scoliosis. This is a single-center 
retrospective review of all pediatric patients undergoing 
spinal instrumentation for nonidiopathic scoliosis during a 
5-year period. Neuromuscular scoliosis patients (n = 144), 
syndromic scoliosis patients (n = 44) and congenital 
scoliosis patients (n = 52) were compared. Demographics, 
patient characteristics and outcomes were compared. 
Neuromuscular scoliosis patients had lower BMI z-scores 
and were more likely to have pulmonary disease, 
technology dependence and seizure disorder. Additionally, 
neuromuscular scoliosis patients underwent bigger 
procedures with more levels fused and a higher rate 
of pelvis fixation. By direct comparison, neuromuscular 
scoliosis patients tended to have more complications 
including deep surgical site infections, readmission 
in 30 days, return to operating room in 90 days and 
emergency care visits in 90 days. When controlling 
for the differences in their preexisting conditions 
and surgical procedure, we found that pelvic fixation 

was a major confounding factor, whereas the others 
had no effect. We further subanalyzed cerebral palsy 
patients and found this group to exhibit no difference 
in complications compared to other neuromuscular 
scoliosis subtypes. Neuromuscular scoliosis patients have 
different characteristics and subsequent postoperative 
complications than those with syndromic scoliosis and 
congenital scoliosis. The difference in complication profile 
is mainly due to differences in surgical procedure and a 
higher rate of pelvic fixation. This should be considered 
when planning nonidiopathic scoliosis surgery among 
multidisciplinary teams. J Pediatr Orthop B 32: 350–356 
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Introduction
Nonidiopathic scoliosis encompasses a group of diagno-
ses, including neuromuscular scoliosis, syndromic scoliosis 
and congenital scoliosis [1]. Although not clearly defined, 
traditionally neuromuscular scoliosis includes cerebral 
palsy, muscular dystrophy, spinal muscular atrophy and 
other conditions affecting the neuromuscular system. 
Syndromic scoliosis includes Marfan’s syndrome, Down 
syndrome, DiGeorge syndrome and osteogenesis imper-
fecta. Congenital scoliosis is defined by a malformation of 
one or more vertebral bodies. In many studies, these diag-
noses are considered together [2–4]. However, clinically, 
surgeons recognize that there are differences in these pop-
ulations affecting the treatment of each subgroup [3,5–8].

It is known that surgical treatment of children with neu-
romuscular scoliosis has an increased rate of complica-
tions compared to those with idiopathic scoliosis [8–10]. 

Further, studies have demonstrated differences in post-
operative complication rate after posterior spinal instru-
mentation and fusion among children with syndromic 
scoliosis and idiopathic scoliosis [5], as well as with con-
genital scoliosis and idiopathic scoliosis [7]. However, the 
differences between neuromuscular scoliosis and those 
with syndromic scoliosis or congenital scoliosis have 
not been established. This becomes important when 
not only determining perioperative care but also insti-
tutionally when assessing quality measures for the hos-
pital. For example, the US News and World Report, has 
until recently, included these diagnoses as a single group. 
This can unfairly demonstrate increased complications 
for institutions caring for more complex nonidiopathic 
scoliosis patients. Furthermore, with the push to insti-
tute safety protocols for adult and pediatric deformity 
cases, it is important to recognize the risk profile for each 
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diagnosis category to appropriately prepare the patient 
and families for possible complications [11].

The objective of this study was to compare the clinical 
differences in various types of pediatric nonidiopathic 
scoliosis, including neuromuscular scoliosis, syndromic 
scoliosis and congenital scoliosis. Their baseline charac-
teristics and co-morbidities are compared, followed by an 
assessment of their postoperative complication profiles.

Methods
A retrospective chart review was performed at Texas 
Children’s Hospital (TCH) of all pediatric patients who 
underwent spinal surgery for any reason from July 2014 
to June 2019. Inclusion criteria were patients less than 
18 years of age at the time of surgery, including scoliosis 
cases and excluding those with a diagnosis of idiopathic 
scoliosis. These patients were then grouped by diagnos-
tic category: neuromuscular scoliosis, syndromic scolio-
sis and congenital scoliosis. We defined neuromuscular 
scoliosis as scoliosis associated with any neuromuscu-
lar conditions, including cerebral palsy, spinal muscular 
atrophy and muscular dystrophy. We defined syndromic 
scoliosis as scoliosis associated with known conditions 
that contribute to scoliosis, such as Marfan’s syndrome, 
Down syndrome, osteogenesis imperfecta and DiGeorge 
syndrome. Congenital scoliosis was defined as a spinal 
deformity caused by any congenital vertebral anomaly. 
Using this cohort of patients, diagnostic categories were 
compared for their baseline characteristics and their 
operative complications.

Patient baseline characteristics included age, sex and 
BMI. Their baseline health characteristics were deter-
mined by assessing for the presence of cardiac disease, 
pulmonary disease, coagulopathy, seizure disorder and 
technology dependence. Patients were determined to 
have cardiac disease if they carried a diagnosis of con-
genital heart defect or cardiomyopathy. Patients were 
determined to have pulmonary disease if they carried a 
diagnosis of restrictive lung disease or obstructive sleep 
apnea. Coagulopathy was determined by having con-
firmed hematologic diagnoses such as Von Willebrand 
Factor deficiency. Technology dependence was deter-
mined by assessing whether the patient required bilevel 
positive airway pressure, continuous positive airway pres-
sure or a tracheostomy tube to maintain oxygenation at 
any time in the perioperative care.

The surgical procedure was also included in the compar-
ison. Specifically, we determined the number of spinal 
levels included in the construct, number of screws used, 
the screw density, whether the construct included fixa-
tion to pelvis and lastly whether the case concluded with 
plastics closure assistance.

The outcome parameters included mortality, surgical 
site infection, unplanned readmissions within 30 days, 

re-operation within 90 days, emergency department vis-
its within 90 days for any reason, revision surgery within 
1 year and implant failure within 1 year. Additionally, 
pneumonia at 30 days and deep vein thrombosis/pulmo-
nary embolus was assessed within the first 90 days after 
surgery.

Statistics were performed using analysis of variance 
(ANOVA) for all continuous variables and a logistical 
regression statistical test for all categorical data. A P value 
of less than 0.05 was considered statistically significant.

Results
A total of 870 spinal instrumentation cases were identi-
fied at TCH from June 2015 to June 2019. Among these 
638 cases were diagnosed with scoliosis, including idio-
pathic and nonidiopathic scoliosis. From this selection, 
240 patients were categorized as having nonidiopathic 
scoliosis: 144 patients were categorized as neuromuscular 
scoliosis, 44 were syndromic scoliosis and 52 congenital 
scoliosis. The majority of neuromuscular scoliosis cases 
had cerebral palsy (n = 52), muscular dystrophy (n = 18), 
spinal muscular atrophy (n = 11), followed by post-trau-
matic neonatal spinal cord injury (n = 5) and other neu-
romuscular scoliosis (n = 58, to include encephalopathy, 
hydrocephalus, spina bifida and syndromes when associ-
ated with severe global developmental delay,  seizures, 
movement disorders). The average Gross Motor Function 
Classification System (GMFCS) score of patients with 
cerebral palsy was 5 ± 0.9. All patients with a GMFCS 
score of 5 had a fixation to the pelvis. The most frequent 
diagnosis for syndromic scoliosis was Marfan’s syndrome 
(n = 10), followed by Ehlers-Danlos syndrome (n = 3), 
Neurofibromatosis (n = 3), DiGeorge Syndrome (n = 3) 
and other syndromic scoliosis (n = 25, to include Down 
syndrome, CHARGE syndrome, Gaucher’s Disease, 
mitochondrial diseases, Costello syndrome and Duane 
syndrome).

Direct comparison between neuromuscular scoliosis, 
syndromic scoliosis and congenital scoliosis
A direct comparison of patient demographics, baseline 
characteristics, and surgical data is presented in Table 1. 
Patients with neuromuscular scoliosis and syndromic 
scoliosis were older than those with congenital scoliosis 
(13.3 ± 3.6 neuromuscular scoliosis vs. 13.0 ± 2.5 syndro-
mic scoliosis vs. 9.7 ± 3.4 congenital scoliosis; P < 0.001) 
and had lower BMI-for-age Z-score (−0.3 ± 1.9 neuromus-
cular scoliosis vs. 0.1 ± 1.4 syndromic scoliosis vs. 0.7 ± 1.3; 
P = 0.001). Similarly, the BMI percentile was lower for 
neuromuscular scoliosis patients. Regarding their preex-
isting conditions, patients with neuromuscular scoliosis 
had more pulmonary disease than those with syndromic 
scoliosis and congenital scoliosis (59.7% neuromuscular 
scoliosis vs. 36.8% syndromic scoliosis vs. 23.1% congen-
ital scoliosis; P < 0.001), technology dependence (37.9% 
neuromuscular scoliosis vs. 21.1% syndromic scoliosis 
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vs. 17.9% congenital scoliosis, 0.02) and seizure disorder 
(33.1% neuromuscular scoliosis vs. 7.9% syndromic sco-
liosis vs. 5.1% congenital scoliosis; P = 0.003). There was 
a trend towards higher cardiac disease in syndromic sco-
liosis patients, including cardiomyopathy and congenital 
heart defects, but the difference was NS.

There were many differences in surgical procedures 
among the diagnosis groups, where neuromuscular scoli-
osis patients underwent more involved spinal procedures 
(Table  1). This was evident as neuromuscular scoliosis 
patients had a higher average number of fused spinal lev-
els (15.7 ± 3.8 levels neuromuscular scoliosis vs. 13.8 ± 2.0 
syndromic scoliosis vs. 9.6 ± 4.7 levels congenital scoliosis; 
P < 0.001) and subsequently a higher number of screws 
used. There was no difference in screw density per pro-
cedure for any group. Notably, the majority of neuromus-
cular scoliosis patients have pelvis fixation, which was not 
as frequent for syndromic scoliosis and congenital scolio-
sis patients (71.6% neuromuscular scoliosis vs. 9.5% syn-
dromic scoliosis vs. 14.6% congenital scoliosis; P < 0.001). 

We did not find differences in the rate of plastic closure 
at our institution.

Comparing their complication profiles, we found trends 
toward higher complications in neuromuscular scoliosis 
patients, but these did not reach significance (Table 2). 
Notably, there was a higher rate of postoperative deaths 
in patients with neuromuscular scoliosis at 30 days (1.4% 
neuromuscular scoliosis vs. 0% syndromic scoliosis/con-
genital scoliosis) and at 1 year (2.8% neuromuscular sco-
liosis vs. %0 syndromic scoliosis/congenital scoliosis), but 
the analysis did not show statistical significance. There 
was a borderline statistically significant increase in the 
rate of deep surgical site infections (SSI) in patients with 
neuromuscular scoliosis (10.4 neuromuscular scoliosis 
vs. 0% syndromic scoliosis vs. 1.9% congenital scoliosis; 
P = 0.085). Similarly, neuromuscular scoliosis patients had 
trends towards increased rates of readmissions at 30 days 
(14.0% neuromuscular scoliosis vs. 9.3% syndromic sco-
liosis vs. 3.8% congenital scoliosis; P = 0.061), return to 
operating room at 90 days (13.3% neuromuscular scoliosis 
vs. 4.7% syndromic scoliosis vs. 5.8% congenital scolio-
sis; P = 0.145), emergency center visits in 90 days (21.7% 
neuromuscular scoliosis vs. 14.0% syndromic scoliosis 
vs. 11.5% congenital scoliosis; P = 0.106) and need for 
revision surgery in 1 year for any reason (15.3% neuro-
muscular scoliosis vs. 9.3% syndromic scoliosis vs. 9.6%; 
P = 0.295). However, these did not reach statistical signifi-
cance. The rates of instrument failure in 1 year, periopera-
tive pneumonia and perioperative deep vein thrombosis/
pulmonary embolus were not significantly different.

Controlling for confounding variables
Because of the differences in baseline characteristics and 
surgical procedure among the diagnosis groups, we per-
formed a controlled variable analysis. First, a univariate 
analysis was performed for each diagnosis and the differ-
ent complications (Table  3). In this analysis, we found 
that a diagnosis of neuromuscular scoliosis alone was a 
significant risk factor for SSI (P = 0.021) and return to the 
operating room in 90 days (P = 0.049), while it was a bor-
derline significant risk factor for readmission in 30 days 
(P = 0.066) and emergency care visits in 90 days (0.073). 
Neither syndromic scoliosis nor congenital scoliosis 
reached significance as a risk factor for any of the compli-
cations analyzed.

The differences in baseline characteristics and surgical 
procedure were BMI, pulmonary disease, technology 
dependence, seizure disorder, number of surgical lev-
els and pelvis fixation. We therefore controlled for each 
of these variables to assess their effect on neuromuscu-
lar scoliosis diagnosis as a risk factor for complications 
(Table  3). We found that controlling for BMI did not 
change the effect of neuromuscular scoliosis alone as a 
risk factor for any of the complications while controlling 
for pulmonary disease, technology dependence and 

Table 1 Patient baseline characteristics and surgical procedural 
data

 NMS SS CS P value

Patient demographics     
 Number of cases 144 44 52  
 Age in years (Ave; SD) 13.3 ± 3.6 13.0 ± 2.5 9.7 ± 3.4 <0.001
 Gender (% female) 41.0% 69.9% 65.8%  
 BMI (Ave; SD) 19.7 ± 5.3 20.3 ± 4.7 21.1 ± 7.1 0.277
 BMI z-score (Ave; SD) −0.3 ± 1.9 0.1 ± 1.4 0.7 ± 1.3 0.001
 BMI percentile (Ave; SD) 47.8 ± 35.3 49.4 ± 35.6 69.6 ± 28.8 0.001
 Cardiac disease (%) 10.5 31.6 17.9 0.243
 Pulmonary disease (%) 59.7 36.8 23.1 < 0.001
 Technology Dependent (%) 37.9 21.1 17.9 0.020
 Seizure Disorder (%) 33.1 7.9 5.1 0.003
 Coagulopathy (%) 7.3 5.3 0.0 0.992
Surgical data     
 Number of levels (Ave; SD) 15.7 ± 3.8 13.8 ± 2.0 9.6 ± 4.7 < 0.001
 Number of screws (Ave; SD) 22.8 ± 7.9 20.6 ± 5.2 12.9 ± 5.3 < 0.001
 Screw density (%) 73 ± 18.1 76.2 ± 24.1 72.3 ± 17.0 0.6311
 Pelvis fixation (%) 60.5 9.5 14.6 < 0.001
 Plastics closure (%) 1.4 0.0 3.8 0.118

CS, congenital scoliosis; NMS, neuromuscular scoliosis; SS, syndromic scoli-
osis.

Table 2 Direct comparison of complications between neuromus-
cular scoliosis, syndromic scoliosis and congenital scoliosis

 NMS SS CS P value

Postop complications     
 Deaths in 30 days (%) 1.4 0.0 0.0 0.997
 Deaths in 1 year (%) 2.8 0.0 0.0 0.996
 SSI (deep) (%) 10.4 0.0 1.9 0.085
 SSI (superficial) (%) 11.1 9.3 9.6 0.735
 Readmission in 30 days (%) 14.0 9.3 3.8 0.061
 Return to operating room in 90 days (%) 13.3 4.7 5.8 0.145
 Emergency care visits in 90 days (%) 21.7 14.0 11.5 0.106
 Revision surgery in 1 year (%) 15.3 9.3 9.6 0.295
 Instrument failure in 1 year (%) 4.2 7.0 0.0 0.991
 Pneumonia in 30 days (%) 5.6 7.0 1.9 0.297
 DVT/PE (%) 2.1 0.0 0.0 0.996

CS, congenital scoliosis; DVT, deep vein thrombosis; NMS, neuromuscular 
scoliosis; PE, pulmonary embolus; SS, syndromic scoliosis; SSI, surgical site 
infections.
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seizure disorder had little effect on SSI, readmission in 
30 days and return to the operating room in 90 days. The 
comorbid conditions did seem to be a subtle confounder 
for emergency care visits in 90 days and revision surgery 
in 1 year. Notably, the surgical procedure was an impor-
tant confounding variable for SSI. Specifically, pelvis fix-
ation was the major confounding variable for each of the 
complications (Table 3), which effectively increases the 
P value of neuromuscular scoliosis to insignificant levels.

Comparing cerebral palsy patients to all other 
neuromuscular scoliosis patients
Given that cerebral palsy patients are often thought as a 
distinct group and presumably have higher rates of fix-
ation to the pelvis, we performed a subgroup analysis 
on this group (Table 4). cerebral palsy patients did have 
lower BMI and had a higher rate of technology depend-
ence and seizure disorder when compared to neuromus-
cular scoliosis patients with spinal muscular atrophy, 
muscular dystrophy, post-traumatic neonatal spinal cord 
injury, and other neuromuscular scoliosis (to include 
encephalopathy, hydrocephalus, spina bifida, syndromes 
when associated with severe global developmental delay, 
seizures, movement disorders). However, these were 
determined to not be confounding factors. As expected, 
cerebral palsy patients did have a higher rate of fixation 
to the pelvis (81.2% cerebral palsy vs. 48.1% neuromus-
cular scoliosis other; P < 0.001). Despite the higher rate of 
pelvis fixation in cerebral palsy patients, there were no 
statistically significant differences in complication rates 
in cerebral palsy patients (Table 4). However, the differ-
ence in mortality in 1 year approached significance with a 
higher rate in cerebral palsy patients (5.8% cerebral palsy 
vs. 1.1% neuromuscular scoliosis other; P = 0.142).

Comparing effect of pelvis fixation on complications 
based on diagnosis
Because pelvic fixation was found in our analysis to be 
an independent risk factor for complications, we sought 
to determine its relative association with postoperative 
complications (Table 5). When controlling for diagnosis, 
pelvic fixation was a statistically significant risk factor 
for SSI [odds ratio (OR) = 2.8 (1.1–7.6); P = 0.031] and 
readmission in 30 days [OR = 4.2 (1.3–18.8); P = 0.029]. 

It did approach (but did not reach) significance for 
return to operating room in 90 days [OR = 2.8 (1.0–
10.5); P = 0.079] and emergency care visits in 90 days 
[OR = 2.0 (0.8–5.3); P = 0.129]. When accounting for 
patient diagnosis, we found that neuromuscular scolio-
sis increased the OR for SSI (OR = 4.2), readmission in 
30 days (OR = 10.8), return to operating room in 90 days 
(OR = 4.8), emergency care visits in 90 days (OR = 2.8) 
and revision surgery in 1 year (OR = 2.5) (Table  5). A 
diagnosis of syndromic scoliosis or congenital scoliosis 
had minimal effect on the OR for pelvis fixation alone. 
Interestingly, readmission in 30 days increased nearly 
four-fold with a diagnosis of syndromic scoliosis most 
commonly for pneumonia.

Discussion
In this study, we have attempted to clarify the clinical 
differences between nonidiopathic scoliosis subtypes, 
including those with neuromuscular scoliosis, syndromic 
scoliosis and congenital scoliosis. The differences are 
important when determining a patient’s risk profile and 
management, which is best performed on a case-by-case 
basis. As we have shown, the diagnosis sub-type can be a 
risk factor for downstream complications. However, it is 
important to recognize that differences in complication 
rates are tied to differing preoperative characteristics. 
This carries additional significance as these subtypes are 
often categorized together when comparing hospital qual-
ity measures across institutions. In the era of value-based 
medicine, it is relevant to understand the expected rates 
of complications for more complex populations. Overall, 
we have shown that neuromuscular scoliosis patients 
are more likely to be underweight, have higher rates of 
comorbid pulmonary disease with subsequent technol-
ogy dependence, and have higher rates of seizure disor-
der than other nonidiopathic scoliosis subtypes. Seizure 
disorders have been associated with longer ICU stays and 
more respiratory complications [12]. Additionally, these 
patients are more likely to require larger fusion con-
structs with fixation to the pelvis. With more preexisting 
conditions and larger procedures, neuromuscular scoliosis 
patients tend to have more complications. Still, we found 
only pelvic fixation to be an independent risk factor for 
complications.

Table 3 Univariate analysis of each diagnosis subgroup on complications demonstrates neuromuscular scoliosis alone is associated 
with multiple complications. Multivariate analysis demonstrates the effect of confounding variables on neuromuscular scoliosis P value. 
Pelvis fixation is the confounding factor that removes the association of neuromuscular scoliosis with the listed complications

    NMS P value by controlling for confounder

 NMS SS CS BMI z-score Pulmonary disease Technology dependence Seizure disorder Number of levels Pelvis fixation

SSI (deep) 0.021 0.992 0.155 0.015 0.042 0.037 0.021 0.989 0.993
 Readmission in 30 days 0.066 0.714 0.084 0.065 0.058 0.075 0.061 0.034 0.377
 Return to OR in 90 days 0.049 0.209 0.256 0.026 0.113 0.089 0.048 0.01 0.252
 Emergency care visits in 90 days 0.073 0.448 0.176 0.046 0.221 0.214 0.123 0.087 0.259
 Revision surgery in 1 year 0.186 0.438 0.425 0.089 0.259 0.214 0.112 0.004 0.577

CS, congenital scoliosis; NMS, neuromuscular scoliosis; OR, odds ratio; SS, syndromic scoliosis; SSI, surgical site infections.
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In many ways, these findings are expected because neu-
romuscular scoliosis includes a group of patients with 
high baseline health-care needs, such as cerebral palsy, 
muscular dystrophy and spinal muscular atrophy. Many 
require full-time care to address their activities of daily 
living. The findings of lower BMI, higher prevalence of 
pulmonary disease (obstructive sleep apnea or restrictive 
lung disease), technology dependence and a higher inci-
dence of seizures, are consistent with prior reports [13–
15]. These conditions have been shown to predispose 
neuromuscular scoliosis patients to a higher incidence 
of postoperative pulmonary issues and pneumonia, with 

prior reports ranging from 22 to 50% postoperative pul-
monary complications [14–16]. In our study, we did not 
find higher rates of pneumonia in neuromuscular scolio-
sis patients compared to syndromic scoliosis and congen-
ital scoliosis patients. However, it has also been shown 
that patients with syndromic scoliosis [5] and congeni-
tal scoliosis [17,18] carry an increased risk of pulmonary 
complications. As with neuromuscular scoliosis, the pres-
ence of preoperative pulmonary disease increases the 
risk of postoperative pulmonary complications in patients 
with congenital scoliosis [17,18]. Ultimately, there was a 
higher mortality rate in neuromuscular scoliosis patients. 
Despite not reaching statistical significance, each mor-
tality was due to respiratory failure. It is important to 
recognize that the differences may not have shown signif-
icance due to this study being underpowered and future 
inquiries with larger cohorts may demonstrate a signifi-
cant difference.’

Nevertheless, the differences in BMI and preexisting 
conditions between neuromuscular scoliosis, syndromic 
scoliosis and congenital scoliosis were not associated 
with statistically significant differences in complication 
profiles. However, neuromuscular scoliosis patients did 
trend towards higher rates of SSI, in addition to other 
complications, such as readmission in 30 days, return 
to operating room in 90 days, emergency care visits in 
90 days and revision surgery in 1 year. The rate of SSI in 
neuromuscular scoliosis patients has been reported to 
range from 6 to 24% [15,19], while the rates of SSI for 
idiopathic scoliosis patients are on the order of 1–2% [20]. 
The rate of SSI in neuromuscular scoliosis patients in this 
study was consistent with prior reports (10.4%), while 
the rates in syndromic scoliosis and congenital scoliosis 
patients, 0% and 1.9%, respectively, were comparable to 
idiopathic scoliosis patients. This is a similar finding to a 
large nationwide database comparing syndromic scoliosis 
and idiopathic scoliosis, which reported 0.4% SSI in each 
subgroup [5]. This suggests that, although syndromic sco-
liosis and congenital scoliosis patients are likely to have 
a higher risk profile than idiopathic patients, they may 
be closer in risk profile to idiopathic scoliosis than neu-
romuscular scoliosis subtypes. One possible explanation 
for the higher infection rate in neuromuscular scoliosis 
patients includes longer fixation constructs, more often 
involving instrumentation to the pelvis, which was found 
in this study. Another explanation is that neuromuscular 
scoliosis patients are generally immobile, risking pressure 
ulcers.

When we controlled for potential confounding variables, 
we found only the surgical procedure to be an independ-
ent risk factor for complications. Despite neuromuscular 
scoliosis patients having lower BMI and higher rates of 
pulmonary disease, technology dependence and seizure, 
these characteristics were not found to be independent 
risk factors for postoperative complications. With regards 

Table 4 Comparison of cerebral palsy and all other neuromus-
cular scoliosis subtypes on patient preoperative characteristics, 
surgical procedure and subsequent postoperative complications

 CP NMS – other P value

Patient demographics
 Number of cases 52 92  
 Age in years (Ave; SD) 14 ± 3.5 12.9 ± 3.7 0.091
 Gender (% female) 40.4 51.1 0.217
 BMI (Ave; SD) 17.8 ± 3.2 20.8 ± 6.0 <0.001
 BMI z-score (Ave; SD) −1.1 ± 2.1 0.1 ± 1.7 0.001
 BMI percentile (Ave; SD) 34.4 ± 29.9 55.6 ± 36 <0.001
 Cardiac disease (%) 9.6 11.1 0.789
 Pulmonary disease (%) 50.0 66.7 0.063
 Technology dependent (%) 26.9 45.8 0.034
 Seizure disorder (%) 65.4 9.7 <0.001
 Coagulopathy (%) 7.7 6.9 0.874
Surgical data
 Number of levels (Ave; SD) 16.4 ± 3.8 15.2 ± 3.8 0.099
 Number of screws (Ave; SD) 24.5 ± 7.6 21.6 ± 7.9 0.055
 Screw density (%) 75.7 ± 18.2 71.1 ± 17.8 0.192
 Pelvis fixation (%) 81.2 48.1 <0.001
 Plastics closure (%) 1.9 1.1 0.685
Postop complications
 Deaths in 30 days (%) 1.9 1.1 0.685
 Deaths in 1 year (%) 5.8 1.1 0.142
 SSI (deep) (%) 9.6 10.9 0.813
 SSI (superficial) (%) 13.5 9.8 0.502
 Readmission in 30 days (%) 11.8 15.2 0.570
 Return to operating room in 90 days (%) 9.8 15.2 0.365
 Emergency care visits in 90 days (%) 23.5 20.7 0.690
 Revision surgery in 1 year (%) 3.8 4.3 0.885
 Instrument failure in 1 year (%) 7.7 4.3 0.406
 Pneumonia in 30 days (%) 3.8 1.1 0.296

CP, cerebral palsy; NMS, neuromuscular scoliosis; SSI, surgical site infections.

Table 5 Multivariate analysis showing the odds ratio and P 
values for the association of pelvis fixation alone with multiple 
complications

  Pelvis fixation +

 Pelvis fixation NMS SS CS

SSI (deep) OR = 2.8 (1.1–7.6), P = 0.031 4.2 2.8 2.8
 Readmission in 30 days OR = 4.2 (1.3–18.8), 

P = 0.029
10.8 18.1 4.2

 Return to operating room 
in 90 days

OR = 2.8 (1.0–10.5), 
P  = 0.079

4.8 2.8 2.8

 Emergency care visits in 
90 days

OR = 2.0 (0.8–5.3), P  = 0.129 2.8 2.5 2.0

 Revision surgery in 1 year OR = 1.9 (0.7–5.8), P  = 0.202 2.5 1.4 1.9

Odds ratios are shown for each diagnostic category when combined with pelvis 
fixation.
CS, congenital scoliosis; NMS, neuromuscular scoliosis; SS, syndromic scolio-
sis; SSI, surgical site infections.
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to BMI, a prior study also found no differences in postop 
complications for underweight neuromuscular scoliosis 
patients, but rather a higher complication rate in obese 
patients [21]. In our study, we found that surgical pro-
cedure was an independent risk factor. Specifically, we 
found that when controlling for pelvic fixation, the dif-
ferences in complication profile borne out by diagnosis 
were eliminated. This suggests that the main risk factor 
for increased rates of complications in neuromuscular 
scoliosis patients was pelvic fixation, which has been pre-
viously reported [22]. An increased rate of complications 
after pelvic fixation is likely multifactorial, including that 
this procedure is typically indicated for nonambulatory 
patients without trunk control. However, despite pelvic 
fixation typically being indicated for GMCFS 5 cerebral 
palsy patients, we did not demonstrate statistically signif-
icant increases in any complications in this group when 
comparing against other neuromuscular scoliosis patients; 
even though they did have a higher rate of pelvic fixation 
in our study. At TCH a multidisciplinary pathway has 
been in effect since 2014 and was developed for all noni-
diopathic scoliosis patients before surgery. The first step 
entails an indications committee review where the Spine 
Surgeon Committee agrees that surgery is indicated. The 
preoperative plan including proposed levels of fusion, 
special equipment needs, need for preoperative halo 
traction as well as intraoperative traction are discussed 
and approved by multiple members of the Spine Surgeon 
Committee. Our current practice is to obtain a group con-
sensus on the proposed fusion levels. Consideration for 
pelvic fixation is made for all nonambulatory patients 
who do not exhibit trunk control, GMFCS 5.

The US News and World Report consider all nonidiopathic 
scoliosis subtypes as a single entity. Among the questions 
asked by their ranking system that was assessed here, 
neuromuscular scoliosis patients trended towards a higher 
rate of readmission in 30 days, return to operating room 
in 90 days and return to the emergency center in 90 days. 
Based on our analysis, this may be related to their higher 
rates of pelvic fixation. Considering the differences, insti-
tutions that treat a higher percentage of neuromuscular 
scoliosis patients in comparison to syndromic scoliosis and 
congenital scoliosis patients might be unfairly deemed to 
have a higher rate of complications in their nonidiopathic 
scoliosis patients. Moreover, there are likely differences 
among neuromuscular scoliosis sub-diagnoses that are not 
detailed here but are nevertheless important, such as the 
higher risk of pulmonary complications that children with 
Rett syndrome have as compared to those with cerebral 
palsy [23]. Cohen et al. [23] found that despite better pre-
operative motor function, lower GMFCS levels, as well 
as shorter anesthesia and surgery durations, patients with 
Rett Syndrome experienced more respiratory failure, pro-
longed positive pressure ventilation use, and longer ICU 
stays after spinal instrumentation and fusion than did chil-
dren with cerebral palsy [23]. Additionally, Jain et al. [8] 

demonstrated increased blood loss in patients with cer-
ebral palsy as compared to other neuromuscular scoliosis 
subtypes, as well as in comparison to syndromic scoliosis. 
Overall, these differences should be recognized when 
comparing institutions based on their complication profile 
for nonidiopathic scoliosis.

The present study has several limitations. First, this is a ret-
rospective study at a single institution, and the findings may 
therefore not be broadly applicable to other practice types 
and patient populations. Second, neuromuscular scoliosis, 
syndromic scoliosis and congenital scoliosis are broad diag-
nostic definitions, which could be further subdivided into 
more specific diagnoses to detail their presurgical differ-
ences, as well as their subsequent complications. For exam-
ple, dural ectasia size has been found to increase in size in 
scoliosis patients with Marfan syndrome and may lead to a 
higher procedural risk [24]. However, aside from cerebral 
palsy, the relative sample sizes of each of these sub-diagno-
ses would be too small to allow a relevant analysis. Lastly, 
while we have made effort to clarify confounding variables, 
there are likely more that are not presented here. For exam-
ple, while we have found pelvic fixation to be an independ-
ent risk factor for the complication, this could be because 
pelvic fixation is reserved for more severe patients who do 
not exhibit trunk control. Although we attempt to include 
predisposing factors such as co-morbidities and BMI in the 
analysis, there are other potential contributing factors not 
analyzed here, such as preoperative mobility or independ-
ence. Still, this does not rule out the possibility that pelvic 
fixation alone is an independent risk factor even in patients 
that do not have other predisposing characteristics.

Conclusion
In conclusion, this study clarifies the differences in baseline 
characteristics and postoperative complications in neuro-
muscular scoliosis, syndromic scoliosis and congenital sco-
liosis. Overall, we found neuromuscular scoliosis patients 
have a lower BMI, have higher rates of pulmonary disease, 
technology dependence and seizure disorder; in addition, 
they are more likely to have larger surgical constructs 
including pelvic fixation. While neuromuscular scoliosis 
patients trend towards having higher rates of postoperative 
complications, such as SSI, this is more likely to be related 
to their higher rates of pelvic fixation in our study. These 
differences in risk profile are important when quality meas-
ures are assessed in nonidiopathic scoliosis subtypes.
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