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Abstract
Purpose  Patients with spinal muscular atrophy (SMA) are often treated with growth friendly devices such as vertical expand-
able prosthetic titanium rib(VEPTR) and magnetically controlled growing rods(MCGR) to correct spinal deformity and 
improve pulmonary function. There is limited data on this topic, and the purpose of this study was to assess the effect of these 
constructs and the addition of chest wall support (CWS) on spinal deformity, thorax morphology and pulmonary outcomes.
Methods  This is a retrospective analysis of prospectively collected data. We included patients with chest wall deformity and 
scoliosis secondary to SMA who were treated with growth friendly interventions and had two-year follow-up. Descriptive 
statistics and univariate analyses were performed.
Results  This study included 66 patients (25% MCGR, 73% VEPTR, 2% unknown). Approximately 23% of constructs 
included CWS. The average Cobb angle improved from 67° (SD: 27°) to 50° (SD: 26°) at 2 years in patients with CWS 
(p = 0.02), and from 59° (SD: 20°) to 46° (SD: 15°) at 2 years in patients without CWS (p < 0.01). Hemithorax height 
improved in patients treated with and without CWS (p = 0.01), but hemithorax width only improved in patients with CWS 
(p = 0.01). One patient with CWS and two patients without CWS required additional respiratory support at 2 years. The 
rates of postoperative complications were not significantly different in patients treated with and without CWS (p = 0.31).
Conclusions  Growth friendly constructs improve spinal deformity and may be effective in altering the progression toward 
respiratory failure in patients with SMA. Patients treated with CWS have significant improvements in thorax morphology 
compared to patients without CWS.

Keywords  Spinal muscular atrophy · Early-onset scoliosis · Thoracic insufficiency syndrome · Vertical expandable 
prosthetic titanium rib · Growing rod

Introduction

Spinal muscular atrophy (SMA) is an autosomal recessive 
genetic disorder caused by a deletion of the SMN1 gene [1]. 
The incidence of SMA has been noted to be approximately 
10 in 100,000 live births, and its prevalence is approximately 
1 to 2 per 100,000 persons [2]. There are four clinical sub-
types based on age of onset, achievement of motor mile-
stones and prognosis with type 1 being the most severe and 
associated with a significantly shortened life expectancy and 
type 4 being the mildest form and associated with a normal 
life expectancy [3]. In general, SMA is characterized by loss 
of anterior horn cells in the spinal cord, and orthopaedic 
manifestations include hip subluxation and scoliosis [1, 4]. 
Scoliosis can significantly affect respiratory mechanics, and 
severe cases are associated with significant morbidity and 
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pulmonary failure [5]. Additionally, thoracic insufficiency 
can result from primary rib collapse not exclusively due to 
spinal rotation, which Campbell and Smith termed “collaps-
ing parasol deformity” [6, 7]. Historically, intermediate and 
severe cases of SMA have resulted in poor outcomes and 
eventually death, but modern advances in medical manage-
ment have allowed patients to live longer [8, 9]. For exam-
ple, a disease-modifying treatment named nusinersen has 
been shown to halt disease progression and improve motor 
function, and other gene-replacing therapies are being tested 
[10]. As a result, more patients are requiring management of 
their orthopaedic issues.

Management of scoliosis in patients with SMA is integral 
in maintaining balance and preventing pulmonary failure. 
Spinal fusion has been found to result in maintained pul-
monary function at long-term follow-up [11, 12]. However, 
definitive spinal fusion may be detrimental in young chil-
dren with significant potential for growth and pulmonary 

development. Growth friendly interventions have recently 
being shown to control spinal deformity and allow lung 
volumes to increase over time in patients with SMA [13]. 
Magnetically controlled growing rods (MCGR), traditional 
growing rods and vertical expandable prosthetic titanium rib 
(VEPTR) devices have been shown to be effective in stabi-
lizing and in some cases, decreasing the need for pulmonary 
support in patients with SMA [13–16]. However, previous 
studies have been limited by small sample sizes and short-
term follow-up.

Additionally, lateral chest wall support (CWS) has also 
been shown to be effective in patients with thoracic insuffi-
ciency syndrome (TIS) since it allows the rib cage to expand 
and address the collapsing parasol deformity (Fig. 1) [6]. 
This construct allows for lateral expansion of the thorax as 
well as direct distraction over time with the use of trans-
verse bars and rib-cradles [17]. It has been suggested that the 
CWS will be effective in patients with SMA, but it has not 

Fig. 1   Examples of SMA patients treated with (a) and without (b) lateral chest wall support
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been specifically studied in this population. In this study, we 
aimed to assess the effect of growth friendly constructs and 
CWS on spinal deformity correction and pulmonary function 
in patients with SMA.

Methods

We performed a retrospective study of prospectively col-
lected data through the Pediatric Spine Study Group (PSSG). 
PSSG is a multicenter study group that focuses on early-
onset scoliosis (EOS) and pediatric spinal deformity. In 
our analysis, we included patients with a diagnosis of SMA 
treated with growth friendly constructs and had a minimum 
of 2-year postoperative follow-up. The PSSG review board 
and research committee, as well as the IRB at each institu-
tion, approved this study.

Data collection

Data were collected by participating surgeons and surgical 
sites. Available data included patient demographics, surgical 
details, baseline respiratory and radiographic data and 2-year 
respiratory and radiographic data. Respiratory data included 
respiratory support information and pulmonary function 
testing data. Types of respiratory support include full-time 
and part-time ventilator assistance and CPAP/BiPAP. Spinal 
deformity data included major Cobb angles and measures of 
hemithorax height and width. All measurements were stand-
ardized and provided by the study group.

Statistical analysis

Descriptive statistics were used to summarize patient demo-
graphics, respiratory data (assisted ventilation rating, AVR) 
and radiographic measures. Paired t-test was used to com-
pare differences in baseline and 2-year Cobb angles and 
hemithorax size. Student’s t-test was used to compare differ-
ences in continuous variables between groups, and Z test was 
used to compare proportions. All analyses were performed 
in Microsoft Excel (v14, 2010).

Results

This study included 66 patients with SMA. Patients were 
treated at 15 centers by 16 surgeons. Approximately, 45% 
of patients were female, 55% of patients were male, and the 
majority of patients were Caucasian (80%). Most patients 
had SMA type II (68%) followed by SMA type I (21%) and 
SMA type III (5%). Approximately 42% of patients were 
treated with nusinersen over the course of enrollment. The 
average age at time of index surgery was 7.3 years (range: 

1.9–12.8 years). Approximately 50% of cases had initial 
implantation between the ages of 6 and 8 inclusive. At base-
line, 47% of patients required no respiratory assistance while 
53% of patients required part-time or full-time respiratory 
assistance (n = 51) (Table 1).

In total, 26% of patients were treated with a MCGR 
(n = 17) and 71% of patients were treated with a VEPTR 
device (n = 47). MCGRs were used starting in 2013, and 
since that time, 61% of patients were treated with a MCGR 
(n = 17) and 39% of patients were treated with a VEPTR 
device (n = 11). Approximately 95% of cases were treated 

Table 1   Subject population

Subject demographics measured at baseline as well as respiratory 
assistance and primary Cobb angle measured at baseline and 2-year 
time points

Baseline Two-year

Demographics (n = 66)
 Age
  Mean yrs. (SD) 7.3 (2.4)
  Range yrs 1.9–12.8

 Sex
  Male 55%
  Female 45%

 Race
  Caucasian 80%
  Asian 5%
  African-American 3%
  Other 12%

Device (n = 64)
 Device type
  VEPTR 71%
  MCGR​ 26%

 Bilateral device
  Yes 95%
  No 5%

 Proximal rib fixation
  Yes 78%
  No 22%

 Distal pelvic fixation
  Yes 74%
  No 26%

 Lateral chest wall support
  Yes 23%
  No 77%

Subject status
 Respiratory assistance (n = 33)
  No assistance 47% 45%
  Part- or full-time assistance 53% 55%

 Primary Cobb angle (n = 50)
  Mean (SD) 61.0° (21.9°) 46.5° (18.3°)
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with bilateral devices, and most patients had proximal rib 
fixation (78%) and distal pelvic fixation (74%). The average 
major Cobb angle before treatment was 61° (SD: 22°, n = 63) 
and 47° (SD: 18°, n = 50) at two-year follow-up (p < 0.01). 
All curves were thoracic or lumbar in location. Approxi-
mately, 45% of patients required no respiratory assistance 
and 55% of patients required part-time or full-time respira-
tory assistance at two-year follow-up (n = 33). Specifically, 
15 patients required ventilator or supplemental oxygen, 
and 3 patients required BiPAP/CPAP. Only one patient that 
required no respiratory support at baseline needed respira-
tory support at follow-up, and three patients in total required 
higher levels of respiratory support at 2-year follow-up (3/32 
patients). Complete preoperative and postoperative pul-
monary function data were available for 11 patients. The 
percentage of predicted FVC decreased for all patients by 
approximately 4% each year and approximately 24% over 
an average of 5 years (Range: 3–12 years).

Lateral chest wall support

In this cohort, 15 patients were treated with CWS (23%) and 
51 patients were treated without CWS (77%). The choice of 
treatment was determined by the treating surgeon. Hemitho-
rax height improved in patients treated with and without 
CWS (p = 0.01), but hemithorax width only improved in 
patients with lateral chest wall support (p = 0.01) (Table 2). 

There was no difference in improvement in Cobb angle at 
2-year follow-up between patients with and without CWS 
(19.7° vs. 15°, p = 0.67). One patient with CWS and two 
patients without CWS required additional respiratory sup-
port at two-year follow-up. Predicted FVC decreased by 24% 
in patients with CWS (n = 2) and 26% in patients without 
CWS (n = 9) (p = 0.83).

Complications

The overall complication rate during treatment was 38% 
(Table 3). More specifically, the complication rate was 24% 
in patients treated with magnetically controlled growing rods 
and 45% in patients treated with a VEPTR device (p = 0.13), 
and several patients had multiple complications. The compli-
cation rate was 27% in patients with CWS and 41% in patients 
without CWS (p = 0.31). The average time from index surgery 
to complication was approximately 1 year (SD: 1.7 years). 
The most common complication in either group was surgical 
site infection (20% in patients with CWS vs. 25% in patients 
without CWS). Superficial and deep infections were grouped 
together as surgical site infection in this database.

Discussion

SMA has traditionally been associated with a poor progno-
sis; however, recent medical advances have slowed disease 
progression and improved patient function [8–10]. Scoliosis, 

Table 2   Mean hemithorax heights and widths at baseline and 2 years 
for right and left sides

Standard deviations are listed in parentheses. The t-test p-values for 
difference between baseline and two-year height/width for each meas-
urement are listed. An asterisks (*) indicates a significant p value 
(p ≤ 0.05)

Baseline (cm) Two years (cm) p

With lateral chest wall support (n = 15)
 Mean hemithorax height (SD)
  Right 12.4 (3.3) 16.3 (2.6) < 0.01*
  Left 14.4 (2.4) 16.2 (2.6) 0.13

 Mean hemithorax width (SD)
  Right 8.9 (2.8) 8.4 (2.9) 0.19
  Left 6.9 (2.3) 8.5 (2.8) 0.01*

 Mean Cobb angle (SD) 67.0° (27.8°) 49.5° (26.0°) 0.02*
No lateral chest wall support (n = 51)
 Mean hemithorax height (SD)
  Right 12.7 (3.7) 15.6 (3.2) 0.01*
  Left 12.2 (3.3) 15.3 (3.4) 0.02*

 Mean hemithorax width (SD)
  Right 7.4 (2.8) 8.0 (2.9) 0.24
  Left 9.5 (2.9) 8.8 (2.8) 0.69

 Mean Cobb angle (SD) 59.1° (20.2°) 45.6° (15.4°) < 0.01*

Table 3   Complications percent of patients in treatment group that 
experienced given complication at least once

Complication type Rate (%)

Overall
 Any complication 37.9
 Implant failure/migration 18.8
 Surgical site infection 25.0
 Pain 7.8
 Other 7.8

MCGR​
 Any complication 23.5
 Implant failure/migration 23.5
 Surgical site infection 11.8
 Pain 5.9
 Other 0.0

VEPTR
 Any complication 44.7
 Implant failure/migration 47.0
 Surgical site infection 29.8
 Pain 8.5
 Other 10.6
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collapsing parasol deformity of the thorax and worsening 
pulmonary function are usually associated with SMA, but 
growth friendly interventions are being used to control spi-
nal deformity and slow the decline of pulmonary function in 
these patients. In this study, we found that growth friendly 
interventions are effective in improving and sustaining spinal 
deformity in patients with SMA at 2-year follow-up. Addi-
tionally, very few patients require additional respiratory sup-
port at follow-up even though respiratory function continues 
to deteriorate with time. Spinal deformity improves with and 
without CWS, but CWS may be more effective in improving 
thoracic morphology and preventing parasol rib deformity.

Previous studies have assessed correction of spinal 
deformity and pulmonary function with the use of growth 
friendly constructs in patients with SMA [11–15, 18–20]. 
However, these have been limited by small sample sizes, 
focused on different diagnoses, and none of these studies 
have compared different growth friendly devices or the use 
of CWS. Several studies have noted an improvement in spinal 
deformity with the use of growth friendly interventions in 
patients with SMA, and our results support these previous 
findings. For example, Lenhart et al. found an improvement 
in curve magnitude with the use of growing rods in patients 
with SMA, but their study was limited due to variable fol-
low-up [13]. Similarly, McElroy et al. noted improvement in 
curve magnitude with growing rod constructs, but their study 
included only 15 patients with SMA [19]; and Colombo et al. 
reported an improvement in curve magnitude with MCGR, 
but this study was limited to four patients with SMA and 
included patients with other neuromuscular diagnoses [15].

Previous studies have also studied the effect of growth 
friendly constructs on PFT and respiratory support, and 
the results have been variable. For example, Colombo et al. 
noted no significant difference in PFTs through 2 years in 
patients with SMA [15]. In comparison, Lenhart et al. found 
an improvement in thorax height and width; no changes in 
need for respiratory support; and diminished predicted FVC 
over time in SMA patients [13]. However, PFT data were 
only available for six children in this previous study. Simi-
lar to the findings of Lenhart et al., we found a decrease in 
predicted FVC over time, but a significant improvement in 
thorax width was only noted in patients with CWS. Other 
studies have focused on PFTs in patients with SMA, but 
these parameters have been studied in the setting of defini-
tive spinal fusion [11, 12]. To our knowledge, no studies 
have determined the effect of VEPTR devices or CWS on 
spinal deformity and pulmonary function specifically in 
patients with SMA. Livingston et al. reported the effects 
of VEPTR device on parasol rib deformity in a range of 
patients with hypotonic neuromuscular scoliosis and found 
no significant improvements [21].

In this study, approximately 40% of patients had a post-
operative complication with surgical site infection being the 

most common complication. Additionally, we did not find 
any statistically significant difference in complications with 
MCGR or VEPTR devices, but our study may be under-
powered for this comparison. Complications with growth 
friendly interventions have been widely reported in the 
literature, and complication rates of up to 84% have been 
reported in patients with early-onset scoliosis. In patients 
with SMA, Chandran et al. reported no surgical complica-
tions or unplanned return to surgery in 11 patients treated 
with growing rods [16]. However, Lorenz et al. noted com-
plications in approximately 4 out of 21 patients (20%) with 
SMA that were treated with MCGR [20], which is similar to 
the rate of complications in patients managed with MCGRs 
in our study (24%). In addition, previous studies have noted 
issues with wound healing in patients with SMA, which was 
the most common complication noted in our study as well, 
and it is an issue with constructs that need repeat surgeries 
for lengthening [22].

This study has several strengths. To our knowledge, this 
is the largest study focusing on the effect of growth friendly 
constructs in patients with SMA. Additionally, we have been 
able to assess the effect of other growth friendly devices 
such as the VEPTR and the use of CWS on radiographic and 
thorax anatomy. We have also included data from multiple 
centers and populations, which improves the generalizability 
of our findings. However, variability in practice may also 
affect the results of this study and lead to potential biases.

On the other hand, limitations of this study include incom-
plete follow-up, which subjects our findings to selection bias. 
Specifically, radiographic follow-up was available for 76% 
of patients but AVR data were available for 50% of patients 
and PFT data were available for only 17% of patients. Addi-
tionally, we are unable to comment on the effects of growth 
friendly interventions and CWS on ribs morphology and ori-
entation or the clinical implications of improving thoracic 
volume [21]. Our findings are limited to radiographic meas-
urements of the thorax (height and width) and pulmonary 
outcomes measured by AVR and PFTs. Additional studies 
are needed to describe and quantify parasol rib deformity 
and define the effects of growth friendly interventions and 
CWS on pulmonary function. Larger, long-term, multi-center 
studies are needed to compare pulmonary outcomes and 
postoperative complications in patients with SMA, as well 
as determine any differences between ambulatory and non-
ambulatory patients with SMA or patients being treated with 
or without disease-modifying agents such as nusinersen. A 
post-hoc power analysis revealed that this study had only 30% 
power to assess differences in complications between patients 
managed with MCGR and VEPTR devices, and additional 
studies are needed to assess the complication profiles for 
these devices and CWS.

In conclusion, growth friendly constructs such as MCGR 
and VEPTR device have the ability to improve and control 
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spinal deformity in patients with SMA. These devices 
seem to maintain the need for respiratory support, and 
despite decreases in pulmonary function over time, they 
may decrease the progression toward respiratory failure in 
patients with SMA. Patients treated with CWS have sig-
nificantly better outcomes in thorax width without increased 
complications, and additional study is needed to determine 
the effects of this improvement on pulmonary function and 
rib deformity. In conjunction with medical management, 
patients with SMA and spinal deformity may be managed 
with growth friendly constructs to improve their spinal 
deformity, maintain pulmonary function and slow respira-
tory decline.
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