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Background: Multiple techniques are utilized for distal fixation in patients with neuromuscular scoliosis. 
Although there is evidence of benefit with S2 alar iliac (S2AI) fixation, this remains controversial. The 
objective of this study is to evaluate the radiological outcomes and complications associated with this surgical 
technique in a pediatric population.
Methods: An observational retrospective case series study was performed. All pediatric patients between 
January 2011 and February 2014 diagnosed with neuromuscular scoliosis associated with pelvic obliquity, which 
required surgery with fixation unto S2AI, were included. Clinical, radiological findings, and adverse events were 
presented with measures of central tendency. Comparison of deformity correction was carried out using a non-
parametric analysis for related samples (Wilcoxon signed-rank test). Significance was set at P<0.05.
Results: A total of 31 patients diagnosed with neuromuscular scoliosis that met inclusion criteria were 
analyzed. The leading cause of neuromuscular scoliosis in 23 (74.2%) patients was spastic cerebral palsy (CP). 
The correction of pelvic obliquity in the immediate postoperative period was of 76%, which is statistically 
significant. The extent of correction that patients maintained at the end of the follow-up was analyzed, and 
it was found that there were no significant differences in this magnitude, compared with the immediate 
postoperative pelvic obliquity. The mean follow-up time was 9±7 months. Regarding postoperative adverse 
events, occurred in 64.5% of patients, the most common outcome was pneumonia (14.8%). The overall rate 
of complications related to instrumentation was low (1.9%), which corresponds to one patient with an intra-
articular screw in the left hip that required repositioning.
Conclusions: S2AI fixation for the treatment of neuromuscular scoliosis is a safe alternative, in which the 
onset of adverse events is related to the comorbidities of patients instead of the surgical procedure itself. An 
approximate correction of 76% of pelvic obliquity is maintained during the follow-up.
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Introduction

Spinal deformities, especially scoliosis, are common in 
patients with cerebral palsy (CP). Its incidence is estimated 
to be around 20%, and varies according to the extent and 
severity of the neurological involvement. In non-ambulatory 
children with CP, the incidence of spinal deformities is 
reported by 62%, and up to 100% in children with greater 
neurological compromise in which this deformity might 
be extended caudally generating pelvic obliquity. This can 
result in imbalance in the coronal and sagittal planes (1,2).

Neuromuscular scoliosis differs from idiopathic scoliosis 
in several aspects. Neuromuscular scoliosis is characterized 
by further progression and rigidity of the deformity, early 
onset of the curves, and conservative treatments with brace 
are poorly tolerated and ineffective. In addition, there is a 
higher rate of postoperative complications mainly due to 
associated comorbidities (1,3,4). The main goals of surgical 
treatment of patients with neuromuscular scoliosis are 
maintaining posture in the seated position by leveling the 
pelvis, and to facilitate hygiene (5).

The literature recommends the association of the pelvis 
in spine instrumentation as gold standard in the surgical 
management of patients with neuromuscular scoliosis 
associated with pelvic obliquity (6,7). This can be achieved 
by performing solid instrumentations of the spine, including 
the pelvis, with fusions that allow good balance in the 
sagittal and coronal planes (8).

Different surgical techniques for fixation of the pelvis 
have been developed. One of the first techniques for the 
management of patients with neuromuscular scoliosis is the 
Galveston technique, developed by Allen and Ferguson (9) 
in 1980, which comprises the placement of fixing bars to the 
ilium. Later, Luque popularized the use of sublaminar wires 
for segmental fixation, which have been widely combined 
with the Galveston technique (10,11).

Other techniques include the use of S-shaped molded 
bars on the sacral ala, known as the Dunn McCarthy 
technique, evolving into the placement of iliac screws and 
finally, to the fixation with S2 alar iliac (S2AI) screws. The 
latter has demonstrated an improvement in the correction 
of the deformity, lower rates of pseudoarthrosis and a 
decrease in the requirement of anterior approaches (12,13) 
but still the current information is not conclusive.

In our hospital, these different techniques for the 
management of neuromuscular scoliosis have evolved over 
time. For several years, we have implemented the technique 
described by Sponseller et al. (13). Therefore, we decided 

to conduct this study in order to evaluate the radiological 
outcomes and secondary adverse events associated with this 
surgical technique in our population.

Methods

An observational case series study was performed. The 
hospital spinal surgery database was reviewed between 
January 2011 and February 2014 and all pediatric patients 
diagnosed with neuromuscular scoliosis associated with 
pelvic obliquity, which required surgery with fixation unto 
S2AI, were included.

Variables assessed in this study were: sociodemographic 
characteristics, radiographic pelvic obliquity, those related 
to the surgical procedure and adverse events during surgery. 
Patients with concomitant congenital spinal malformations, 
incomplete medical records and those without radiographic 
images available, were excluded.

The surgical technique used for placement of the S2AI 
screws was the one described by Sponseller et al. (13), in 
which the reference for the screw placement is a midpoint 
between the foramina of S1 and S2, angled 40° laterally and 
40° caudally. Preoperative and postoperative radiographic 
assessment of the spino-pelvic angle of all patients was 
performed in the anterior-posterior projection by the 
method proposed by Maloney (14), estimating the pelvic 
obliquity by measuring the angle between a line from the 
middle of T1 to the middle of S1 and a line perpendicular 
to the latter from one iliac crest to the contralateral.

Statistical analysis

Demographic characteristics of patients are presented in 
descriptive tables. Clinical and radiological findings, and 
adverse events are presented with measures of central 
tendency. Comparison of deformity correction was carried 
out using a non-parametric analysis for related samples 
(Wilcoxon signed-rank test).

The effect size was rated according to the Cohen’s guide: 
small =0.2 to 0.5; medium =0.5 to 0.8; and large = greater 
than 0.8 (15). The results were analyzed with the statistical 
software IBM SPSS Statistics® version 21.

Results

A total of 31 patients diagnosed with neuromuscular 
scoliosis that met inclusion criteria were analyzed. From 
these, 54.8% of patients were females. Mean age at time 
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of surgery was 14.39±6.77 years. The leading cause of 
neuromuscular scoliosis in 23 (74.2%) patients was spastic 
CP. The remaining sociodemographic characteristics are 
described in Table 1.

Table 2 summarizes the surgical variables comparing the 
first with the second surgical stage. Intraoperative bleeding 
was higher in the second surgical stage compared to the first 
stage (1,528.5±784.6 vs. 1,367.7±1,001.7).

Mean follow-up time was 9±7 months. In this sample of 
patients, it was found that the correction of pelvic obliquity 
in the immediate postoperative period was of 76%, which 
is statistically significant. The effect size was 1.35, and was 
interpreted as large. In addition, the extent of correction 
that patients maintained at the end of the follow-up was 
analyzed, and it was found that there were no significant 
differences in this magnitude, compared with the immediate 
postoperative pelvic obliquity (Table 3).

Adverse events  occurred in 64.5% of patients . 
Intraoperative events were: pleural injury in the 1.9% of 
these patients and poor positioning of screws in 1.9%. The 
last one is a patient that presented with an intra-articular 
screw in the left hip that required repositioning. Regarding 
postoperative adverse events, it was found that infections 
were the most common outcome: pneumonia occurred in 
14.8% of patients, followed by surgical site infection in 7.4%.

A rate of 12.9% of pulmonary events was found, mainly 
due to respiratory failure, hemo-pneumothorax, pleural 
effusion and atelectasis. The remaining intraoperative and 
postoperative adverse events are described in Table 4.

Discussion

Pelvic fixation in the surgical management of neuromuscular 
scoliosis remains a major challenge as well as a point of 
controversy. Over time, fixation methods have evolved from 
early configurations of the Galveston technique, to the S2AI 
screws placement described by Sponseller et al. in 2009, a 
technique that has been adopted in our practice since 2010 
for management of pelvic obliquity (9-11,13).

Different studies have evidenced the advantages of the 
S2AI screw technique, among which a better correction of 
the deformity and preservation during the follow-up, lower 
rate of pseudoarthrosis, less soft tissue injuries associated 
with the prominence of instrumentation and lower rate 
wound complications can be found (16-18).

There are some biomechanical advantages with the use of 
this technique, including a lower rate of screw pull-out (9).  
In the study of Sutterlin et al. (19), a biomechanical 

Table 1 Descriptive data of the study population

Variable n (%)

Gender

Female 17 (54.8)

Male 14 (45.2)

Age (years), mean ± SD 14.39±6.77

GMFCS functional level

I 1 (3.2)

IV 6 (19.4)

V 24 (77.4)

Level of instrumentation

T2 22 (71.0)

T3 7 (22.6)

T5 1 (3.2)

T10 1 (3.2)

Diagnosis 

Spastic cerebral palsy 23 (74.2)

Myelomeningocele 5 (16.1)

Spinal atrophy 1 (3.2)

Hypotonic baby syndrome 1 (3.2)

Neurofibromatosis 1 (3.2)

GMFCS, Gross Motor Function Classification System; SD, 
standard deviation.

Table 2 Means and standard deviations for surgical variables of the 
first and second surgical stage

Variable First surgical stage
Second surgical 

stage

Number of patients, n (%) 24 (77.4) 7 (22.6)

Intraoperative bleeding (mL) 1,367.7±1,001.7 1,528.5±784.6

Hemoglobin (g/dL) 10.7±1.9 9.5±1.2

Hematocrit (%) 33.2±6.1 29.2±4.7

ICU stay (days) 7.4±6.8 8.1±4.6

In hospital stay (days) 16.6±10.7 23.1±11.7

ICU, intensive care unit.
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comparison between S2AI screws with traditional fixation 
strategies was made, he concluded that from a biomechanical 
standpoint S2AI technique is equivalent to traditional iliac 
screws but offers some extra benefits like, lower profile 
instrumentation, easier alignment with cephalad fixation, 
and ease of assembly without the need for lateral connectors 
which also reduces costs.

In our series, surgery for the correction of scoliosis 
extended down to S2AI was more common in females, in 
opposition to what has been reported by Shabtai et al. (20) 
and other publications (17,21).

CP remains to be the main cause of neuromuscular scoliosis 
present in 74.2% of cases, followed by myelomeningocele in a 
16.1%, consistent with the study by Funk et al. (16).

The extent of neurological involvement influences the 
decision-making process regarding the level of instrumentation 
both proximally and distally; we found that 71% of patients 
required instrumentation beginning in T2, followed by T3 
in 22.6%, similar to what Schoenleber et al. (17) reported, 
in which 77.3% of fixations started in T2 and 15.9% in T3.

Considering the amount of surgical exposure required in 
these patients to correct scoliosis, usually ranging from the 
first thoracic vertebrae to sacral, surgical bleeding is high. 
Bleeding in the first surgical stage was 1,367±1,001 and 
784±1,528 mL in the second, lower than the one reported 
by Moon et al. (21), which reported an intraoperative 
bleeding of 2,700 mL in the surgical management of pelvic 
obliquity in patients with neuromuscular scoliosis.

The percentage of correction of pelvic obliquity in 
our patients was 76%: the pelvic tilt angle went from 21° 
(11.8°–33.3°) preoperatively to a postoperative angle of 5° 
(3°–8°) and at the end of the follow-up this correction was 
maintained at 5.5° (2°–12°) without statistical significance 
between the last two measurements. Schoenleber et al. (17),  
reported an average preoperative pelvic obliquity of 
29.9°±12.8° with a postoperative correction at 2 years of 
5.3°±4.9°, representing a rate of correction of 77%, very 
similar to what was found in our results.

In the surgical treatment of neuromuscular scoliosis, the 
rate of adverse events in different publications ranges between 
44% and 80%, with mortality rates from 0 to 7% (22). A total 
of 64.5% of adverse events were presented in this study. 
These events were divided into intraoperative, postoperative 
complications and infections.

Among intraoperative adverse events found in this series, 
intraoperative pleural injury and screw malpositioning were 
found in 1.9% of the cases. This rate is lower than the one 
reported in the meta-analysis by Sharma et al. (23), in which 

Table 3 Radiographic assessment during the study

Variable Results

Preoperative pelvic obliquity 
(degrees)

21.0 (11.8–33.3); 23.2±13.8
†
; 

*P<0.001, d=1.58

Immediate postoperative pelvic 
obliquity (degrees)

5.0 (3.0–8.0); 7.3±6.8
†

Pelvic obliquity at the end of the 
follow-up (degrees)

5.5 (2.0–12.0); 8.3±7.8
†
; 

**P<0.001, d=1.43

Results are presented as medians and interquartile ranges in 
brackets. 

†
, mean ± standard deviation; *, calculated significance 

between the change in pelvic obliquity in the immediate 
postoperative significance versus the preoperative measure; **, 
calculated significance for the change in pelvic obliquity at the 
end of follow-up versus the immediate postoperative measure.

Table 4 Complications

Variable n (%)

Patients with complications 20 (64.5)

Total number of complications 54

Intraoperative adverse events

Pleural lesions 1 (1.9)

Screw malpositioning 1 (1.9)

CSF fistula 0 (0.0)

Postoperative adverse events

Pulmonary events 7 (12.9)

Implant failure 5 (9.2)

Wound complications 5 (9.2)

Cardiac events 5 (9.2)

Spinal deformity over instrumentation 2 (3.7)

Skin and soft tissues (ulcers) 2 (3.7)

Pseudoarthrosis 1 (1.9)

Convulsive syndrome exacerbation 1 (1.9)

Urological 1 (1.9)

Deep vein thrombosis 1 (1.9)

Infections

Pneumonia 8 (14.8)

Surgical site infection 4 (7.4)

Urinary tract infection 2 (3.7)

Other 8 (14.8)

CSF, cerebrospinal fluid.
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a rate of complications of 4.81% was found. This case of 
screw malpositioning occurred in a patient with CP, in 
which the implantation of a longer screw invaded the left 
hip and required revision surgery in order to change the 
screw for a shorter one.

The most common postoperative complications were 
those of respiratory origin found in 18.4% of patients. This 
rate is similar to what has been found by other authors that 
describe rates of respiratory complications up to 22.7% (23). 
Respiratory failure, hemo-pneumothorax, pleural effusion 
and atelectasis were the main manifestations of these 
respiratory events related to neuromuscular scoliosis (24).

In a comparative study between fixation to the ilium 
wings versus fixation with S2AI screws for the management 
of neuromuscular scoliosis by Shabtai et al. (20), implant 
failure was found in 24% for the first group versus 7% for 
the second. In our study implant failure was documented 
in 9.2% of patients, which was slightly higher than the rate 
reported by this author.

The rate of events related with surgical wounds was 
13.2%, which include the presence of seroma and wound 
dehiscence. Additionally, prominence of implants was 
found in 3.7% of patients, a much lower rate than the 
one reported by Funk et al. (16), who found a wound 
complication rate of 10.5%.

The stiffness of implants for the management of 
neuromuscular scoliosis has evolved in order to improve 
consolidation rates and prevent non-union. Different series 
have reported a decrease in the rates of failure depending on 
the technique used. With the Luque-Galveston technique, 
the rate of this complication ranges between 7% to 17%, and 
with the S2AI screws technique this rate is up to 10.5% (16).  
In our study, the rate of pseudoarthrosis was 1.9%, lower 
than the aforementioned rates.

Infection remains as one of the main concerns in patients 
with neuromuscular diseases, as their higher number 
of comorbidities makes them more susceptible to this 
complication. The rate of superficial and deep surgical site 
infections after fixation to the pelvis in the management of 
neuromuscular scoliosis is estimated to be between 4.2% 
and 20% (18,21,25,26), range in which our results fall, 
showing a rate of surgical site infection of 7.4%.

Pneumonia as a postoperative complication was present 
in 14.8%, higher than the reported by Rawlins et al. (27), 
who described that this complication occurs in 1 of every  
15 patients with neuromuscular scoliosis.

Non-ambulatory patients with neuromuscular diseases 
might have an increased risk of adverse events with an OR 

3.2 (95% CI: −7.4 to 1.4) (P<0.01) (24). Since all of our 
patients were non-ambulatory and 77.4% had a GMFCS 
functional level of V, this could explain our results, where 
an overall rate of adverse events of 64.5% was found.

The limitations of this study are those characteristics 
of a retrospective study. X-rays are not obtained with a 
standardized technique. In addition, there is no control 
group of patients in order to establish associations between 
the surgical procedure and its favorable or unfavorable 
outcomes.

S2AI fixation for the treatment of neuromuscular scoliosis 
is a safe alternative, in which the onset of complications 
is related to the comorbidities of patients instead of the 
surgical procedure itself. An approximate correction of 
76% is maintained during the follow-up, assisting the 
management of these patients to their caregivers.
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