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Highlights

What are the main findings?

• In patients with myopathic scoliosis, both surgical and non-surgical groups showed
similar worsening spinal deformity over time.

• Despite similar radiological outcomes, surgically treated patients reported higher
overall quality of life and functional independence, particularly in self-image domains.

What are the implications of the main findings?

• Surgical correction may enhance subjective quality of life even when objective spinal
improvement is limited, emphasizing the importance of patient-centered outcomes.

• Decision-making for scoliosis surgery in myopathic patients should carefully balance
medical risks with potential long-term gains in function and well-being.

Abstract

Background/Objectives: Myopathies are acquired or genetic muscle diseases causing
weakness and wasting, leading to poor posture, impaired coordination, reduced daily
function, and scoliosis. The objective of this ambispective study was to compare clinical,
radiological, and functional outcomes of patients with myopathic scoliosis treated surgi-
cally or non-surgically. Methods: We identified 118 patients (55% male) with myopathy
and scoliosis from ALYN Rehabilitation Hospital’s database (1990–2022). Mean age at first
visit was 5.45 ± 5.27 years. Seventeen (14%) underwent scoliosis surgery; others were
managed non-surgically. Due to unbalanced group sizes, comparative group analyses
used propensity score matching (15 surgical, 30 non-surgical patients). Retrospective data
included demographics, medical history, respiratory and mobility status, Cobb angle (CA),
pelvic obliquity (PO), and surgical details when applicable. Prospective telephone inter-
views were conducted including SRS-22r Quality of Life (QoL), WHO-QoL, and Functional
Independence Measure for Children (WeeFIM). Results: Longitudinal analysis showed
significant or near-significant worsening over time in CA (p = 0.03) and PO (p = 0.08),
regardless of treatment type but no significant difference between surgical and non-surgical
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groups in progression rates. Interview data, for 7 surgical and 6 non-surgical patients,
revealed that surgical patients reported higher overall QoL, FIM, and SRS-22r self-image
scores, but lower scores for SRS-22r pain, general function, and activity levels. Conclusions:
Existing research and this study suggest that despite surgical risks, scoliosis correction
in neuromuscular conditions generally leads to improved QoL. Findings highlight the
complexity of surgical decision-making for myopathic scoliosis, where medical risks must
be weighed against potential long-term functional and QoL outcomes.

Keywords: myopathy; scoliosis; surgery; quality of life; outcomes

1. Introduction
Myopathies refer to a large group of acquired or hereditary (genetic) diseases that

share common musculoskeletal features. Weakness and wasting of the voluntary mus-
cles especially affect the shoulder girdle, pelvis, neck and hip muscles, leading to poor
head control, trunk imbalance, and discoordination and difficulty in activities of daily
living (ADL) [1]. These patients have a high prevalence of neuromuscular scoliosis.

In contrast to the S-shaped curve typically found in idiopathic scoliosis, neuromuscular
scoliotic deformities present as a long C-shaped curve in the coronal plane and include the
sacrum. Initially, muscular support of the vertebrae is compromised, leading to positional
collapsing; over time, as the spine grows, the scoliosis becomes structural [2]. Up to 90% of
patients with myopathy have scoliosis, with rapid worsening of 16–24 degrees per year
during the peak growth period [3,4]. The structural changes are associated with a reduction
in lung function of 4–8% of vital capacity for every 10◦ Cobb angle (CA) [1,3,5,6]. The nature
of myopathic disease is progressive [7], leading to the loss of independent mobility and
need for a wheelchair [1,5]. This is known to accelerate the development of scoliosis [1,5].

There are three main treatment modalities of scoliosis for myopathic patients. The first
is medications (e.g., steroid treatment for Duchenne disease) that slow the course of disease
progression. Maintaining mobility results in a reduction in the progression of scoliosis and
the age of its development [1,3]. The second treatment modality is Thoraco-Lumbo-Sacral
orthosis (TLSO), which has been demonstrated to be effective in adolescent idiopathic
scoliosis (AIS) [4]. This treatment has questionable effectiveness for myopathic patients
with scoliosis [1,3,5,6]. Surgery for scoliosis is the third and commonly accepted treatment
for myopathic patients. At this stage of myopathy, patients are usually wheelchair bound,
and the purpose of surgery is to improve sitting ability and prevent further deterioration of
scoliosis and respiratory function [8].

The decision to perform surgery is complex. On the one hand, there is a desire to
correct the spine and prevent the expected deterioration despite the risk of potential surgical
complications. On the other hand, delaying surgery when there is a clear indication for its
need (CA > 20 degrees) [3] results in the operation being performed when there is poor
respiratory reserve, and thus possible greater postoperative complications. Moreover, the
optimal timing of surgery remains without a clear answer in the literature [1,3,9].

The general rate of surgical complications described in myopathic patients is
higher than AIS [7,10,11]. In their review of 2154 neuromuscular scoliosis fusion cases,
Rumalla et al. [12] reported an overall complication rate of 40.1%, whereas others re-
ported rates as high as 63% [11,13]. Additionally, an increasing number of operations
has been reported [8,14], attributed to rise in new techniques [15] and growth-friendly
procedures [16]. This naturally results in a rise in complications [17].
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Similarities in curve presentation across a wide range of neuromuscular diagnoses (e.g.,
CP, SMA) lead to converging surgical indications and operative strategies, an issue also
reflected in the literature [7,16]. Furthermore, most studies lack an appropriate comparator
group, as they examined differences in surgical outcomes among patients with varying
diagnoses rather than comparing the effectiveness of surgical versus non-surgical treatment
within the same diagnosis [3,7,17]. Hence, drawing conclusions regarding surgical decision-
making is complex [7].

While surgery of myopathic patients demands meticulous preparation and intraoper-
ative adaptations in anesthesia due to unique metabolic, respiratory, and hematological
factors [10,18], the added value of surgical treatment (e.g., to improve respiratory outcomes)
is not clear in the literature [1,9]. Surgery aims to address the patient’s sitting position,
allowing for adequate trunk position and reducing the frequency of pressure sores. This
enhances participation in everyday life. In a study of patients with myopathy and scoliosis
who were treated non-surgically, we did not see a direct relationship between the deteriora-
tion of the scoliosis and increases in respiratory distress [19]. More importantly, the results
showed that they were satisfied with their quality of life, although they reported limited
independence and were least satisfied with functional activity (whether or not this was
related to the deformity or the myopathy itself) [19].

In a review of the recent literature, most studies focused on radiographic rather than
patient-centered outcomes [18]; none indicated an improvement in quality of life, an ex-
tension of life, nor a change in the natural course of the disease as a result of surgical
treatment [5]. Indeed, understanding patients’ experiences including barriers and facilita-
tors of participation is suggested to improve clinical trial management [20]. Therefore, it is
difficult to estimate the effect of surgery on the course of the disease in comparison to the
natural history of patients who did not undergo surgery.

The aim of the current study was to compare two groups of patients with myopathies
and scoliosis—those who had surgery compared to those who did not, in terms of their
scoliotic deformity progression, respiratory status, mobility, pain, daily functioning, and
overall quality of life. A preliminary version of the results was presented at the 2023 Global
Spine Congress [21].

2. Materials and Methods
2.1. Study Design

The study employed an ambispective design to compare two groups of patients.
Figure 1 illustrates the recruitment process, which involved extracting retrospective data
from the hospital database (1990–2022) and archived files to identify patients with myopathy
and scoliosis who underwent surgery. These individuals were then compared with a control
group of non-surgical patients. To supplement the historical data, additional information
was collected through a telephone survey conducted between September and October 2022.
This survey included validated measures such as the Scoliosis Research Society-22R instru-
ment (SRS-22r) Quality of Life (QoL) questionnaire, the World Health Organization (WHO)
Quality of Life (WHO-QoL) assessment, and the Functional Independence Measure for
Children (WeeFIM, Uniform Data System for Medical Rehabilitation, Buffalo, New York,
USA). The study was approved by the ALYN Hospital Ethics Committee in accordance
with the World Medical Association Declaration of Helsinki (approval number 054-22).
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Figure 1. Flow diagram showing the recruitment and analysis stages for the retrospective and survey
stages of the study.

2.2. Patients and Research Team

Retrospective data from the hospital database (1990–2022) were included if patients
were classified under the International Classification of Diseases, Ninth Revision, Clini-
cal Modification (ICD-9-CM) codes for myopathies [22]. Each of the files was reviewed
manually by the research team to confirm the diagnosis and its coding, updated to supply
telephone interviews and questionnaires collected September–October 2022, including
WHOQOL-BREF and SRS-22r Quality of Life (QoL) and Functional Independence Mea-
sure for Children (WeeFIM). Informed consent was obtained from participants of the
telephone survey.

The team included one pediatric orthopedic rehabilitation specialist, two pediatric
spine orthopedic surgeons, one medical student, and two research methodology experts.
One of the pediatric spine orthopedic surgeons performed all the radiological measure-
ments. Treatment protocols have been consistent over the years.

2.3. Context

The study was conducted at ALYN Hospital, a Pediatric and Adolescent Rehabilitation
Center that cares for children with complex physical and medical conditions, offering a
comprehensive range of rehabilitation services aimed at supporting healthy, independent
adulthood. The hospital has 120 inpatient beds, with twice that number of children treated
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as outpatients. As a referral center for rehabilitation, treatment plans were established by
external clinicians including the selection of patients for surgical correction.

2.4. Instruments

Demographic and medical questionnaire: This section included general demographic
data, along with medical history, respiratory condition, and mobility status.

Cobb angle: The CA is a key measure used to assess the severity and progression of
scoliosis. It is determined by drawing lines parallel to the upper and lower vertebrae of the
structural curves in the spine and erecting perpendiculars from these lines, which intersect
to form the CA [23]. The CA, typically measured on a standing coronal radiograph of the
full spine, remains the gold standard for scoliosis evaluation [24].

Pelvic Obliquity: PO refers to the misalignment of the pelvis, marked by its tilt in the
coronal plane. It was measured using the Maloney Method, where a line is drawn across
the iliac crests, a perpendicular line is added, and another line connects T1 and S1. The
angle at which the second and third lines intersect defines PO. This method shows high
reliability (ICC = 0.96) [25,26].

World Health Organization Quality of Life (WHOQOL)-BREF: The WHOQOL-BREF
is a 26-item questionnaire that assesses self-reported quality of life. It demonstrates strong
internal consistency (Cronbach α = 0.92), good test–retest reliability (r = 0.66–0.72), and
good concurrent validity [27].

Scoliosis Research Society-22 revised (SRS-22r Quality of Life): The SRS-22r evaluates
health-related quality of life in adolescents with idiopathic scoliosis. It shows good inter-
rater reliability (ICC = 0.61–0.9) and good internal consistency for most domains (Cronbach
α = 0.71–0.85), although the activity/function and satisfaction with management domains
have slightly lower internal consistency (Cronbach α = 0.44–0.58) [28,29].

Functional Independence Measure for Children (WeeFIM): The WeeFIM is an 18-item tool
used to assess disability in children. It demonstrates strong reliability (ICC = 0.8–0.99) [30,31]
and high concurrent validity in self-care, mobility, and communication/social function domains
(r > 0.88) [32].

2.5. Data Retrieval and Analysis

Descriptive statistics were used to characterize the patients’ demographics, medi-
cal data, functional status, and quality of life (QoL). Categorical and ordinal variables
were summarized using frequencies and percentages, while continuous variables were
described using means, medians, and standard deviations. Inferential statistics were em-
ployed to compare outcomes between patients receiving surgical versus non-surgical
treatment and examine associations with medical sequelae and changes in QoL, mo-
bility, social functioning, and satisfaction. Due to the substantial imbalance between
groups: 101 non-surgical patients (86%) and 17 surgical patients (14%), propensity score
matching (PSM) was applied to support comparative analysis. This quasi-experimental
method enables the creation of covariate-balanced groups by matching similar cases (sur-
gical group in the context current paper) and controls (non- surgical group), thereby
minimizing potential confounding effects of covariates.

Optimal pair matching was selected for the PSM procedure as it minimizes the total
distance in propensity scores across matched pairs and improves the overall balance and
reliability of the matched sample [33]. PSM was performed using the matchit package in
R software (version 4.3.1), with matching quality assessed and visualized using the cobalt
package. Matching was based on a 2:1 ratio (two non-surgical patients per one surgical
patient), using three variables: age at first visit, CA at first visit, and diagnosis. Following
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matching, no significant differences were found between the surgical and non-surgical
groups on these variables (see Section 3).

To assess group differences in the matching variables, the Wilcoxon rank-sum test
(with continuity correction) and the Fisher exact test were applied. Given the small sample
size and non-normal distribution of the dependent variables, a nonparametric, distribution-
free approach was adopted using the nparLD package in R software. This method enables
the nonparametric analysis of longitudinal data in factorial designs [34], and the data
were analyzed within a between-subjects (group) by within-subjects (time) framework. All
statistical analyses were conducted using SPSS version 26 and R version 4.3.1. A two-tailed
p-value ≤ 0.05 was considered statistically significant.

3. Results
The initial database search identified 282 potential cases with ICD-9 codes for myopa-

thy and scoliosis. Following verification of diagnosis and availability of radiographic data,
118 patients were included in the retrospective analysis (17 surgical, 101 non-surgical). For
comparative analysis, propensity score matching produced a balanced subset of 15 surgical
and 30 non-surgical cases (2 surgical patients were excluded due to incomplete baseline
data required for matching). As mentioned, the matching was based on three variables:
age at first visit to ALYN Hospital, CA at baseline (i.e., first visit), and diagnosis. Table 1
presents the results of the matching procedure, indicating no significant differences between
the non-surgical and the surgical groups on these variables.

Table 1. Results of the propensity score matching used to support comparative analysis of the non-
surgical and the surgical groups based on the participants’ age and Cobb angle at their first clinical
visit, and diagnosis. * Two participants were omitted from the PSA procedure due to the listwise
deletion. Md.—median, IQR = interquartile range.

Matching Variable Non-Surgical
(n = 30) Surgical (n = 15 *) Significance

Age at first visit (Md., IQR) 6.00, 13 4.90, 9.9 Wilcoxon rank sum test: p = 0.22
Cobb angle at baseline (Md., IQR) 34.50, 56 41, 51 Wilcoxon rank sum test: p = 0.79

Number (%) Number (%)

Diagnosis Fisher exact test: p = 0.62
Myopathy, unspecified 10 (33) 3 (20)

Congenital myopathy—fiber type disproportion 4 (13) 5 (33)
Congenital muscular dystrophy 12 (40) 5 (33)

Congenital myopathy—nemaline 2 (7) 1 (7)
Spinocerebellar disease 2 (7) 1 (7)

Figure 2 illustrates the progression of CA and PO in surgical and matched non-
surgical patients over time. As demonstrated in Figure 2 (left) and detailed in Table 2,
the CA increased in the non-surgical group whereas it decreased in the surgical group.
In terms of PO (Figure 2, right), a rise in the median value was observed in both groups
over time. Notably, one patient in the surgical group exhibited an extreme increase in PO
from 5 to 45 degrees between visits. Given the small sample size, this individual case may
have disproportionately influenced the group’s overall trend and should be interpreted
with caution. Omitting this patient from the analysis would have resulted in a median
PO increase from 10 degrees at the first visit to 14 degrees at the last visit. However, this
patient remained in the subsequent analyses in order to avoid selective data omission.
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Figure 2. The Cobb angle (left) and pelvic obliquity (right) at first (1) and last (2) clinical visits of
non-surgical (white) and surgical (grey) patients. Horizontal lines represent the median and the
whiskers represent 25% and 75% percentiles.

Table 2. Medians and interquartile ranges for Cobb angle and pelvic obliquity at first and last clinical
visits of the non-surgical and the surgical groups. Md.—median, IQR = interquartile range.

Non-Surgical Surgical
First Visit Last Visit First Visit Last Visit

Cobb Angle Md. (IQR) 34.5 (53.2) 47 (54.7) 41 (46.5) 32 (44.5)
Pelvic Obliquity Md. (IQR) 8 (20) 15 (25) 7.5 (7.2) 15 (15)

Due to the small group size, a nonparametric analysis, based on ranking for longitudi-
nal data. was performed to test the effect of time and group type and the interaction between
them on CA and PO. The inferential analysis revealed a significant, or close to significant
main effect for time for both measures (CA: Wald(1) = 5.71, p = 0.03; PO: Wald(1) = 3.01,
p = 0.08), indicating that overall, the CA and PO worsened over time (despite the decre-
ment of the median CA in the surgical group). The main effect for group (surgical versus
the non-surgical) was non-significant (CA: Wald(1) = 0.32, p = 0.57; PO: Wald(1) = 0.01,
p = 0.90) as was the interaction between group and time (CA: Wald(1) = 0.58, p = 0.44;
PO: Wald(1) = 0.00, p = 0.94).

The questionnaire data following the PSA procedure included only seven surgical
patients and six non-surgical patients; out of the remaining 32 surgical and non-surgical
patients, 14 died, 16 could not be reached by phone, and 2 declined to participate (Figure 1).

As shown in Table 3, the surgical patients reported higher QoL, FIM, and SRS-22r
general self-image scores, and lower SRS-22r pain, general-function, and function activity
scores; only the QoL difference was statistically significant (Mann–Whitney test: z = −2.29,
p = 0.02).

Comparison of the SRS-22r scores for the seven surgical patients revealed no meaning-
ful differences between pre- and post-surgical reports. The median (interquartile range)
for the SRS General Self-Image decreased from 4.66 (1.00) before surgery to 3.66 (1.00)
after surgery, while the SRS General Function increased from 3.66 (0.67) pre-surgery to
4.00 (4.00) post-surgery. However, these changes were not statistically significant.
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Table 3. Medians and interquartile ranges for Quality of Life, Functional Independence Measure and
SRS-22r at first and last clinical visits of the non-surgical and the surgical groups. * Difference
was statistically significant. Md.—median, IQR = interquartile range. QoL = Quality of Life,
WeeFIM = Functional Independence Measure for Children, SRS = Scoliosis Research Society-22R
instrument.

Measure
Non-Surgical Patients

Md. (IQR)
(n = 6)

Surgical Patients
Md. (IQR)

(n = 7)

QoL * 3.40 (0.88) 4.15 (0.56)
WeeFIM 3.47 (1.15) 4.28 (3.88)

SRS general
self-image 4.50 (1.17) 4.66 (1.00)

SRS pain 4.71 (0.93) 4.00 (0.86)
SRS general function 4.33 (0.75) 3.67 (0.67)
SRS Function activity 3.67 (0.33) 2.33 (1.00)

4. Discussion
Patients with myopathy represent a rare group reaching adulthood while facing sig-

nificant daily challenges. Our previous study on their natural history [19] showed that
respiratory and mobility changes may occur independently of scoliosis progression, and
that many maintain an active lifestyle even without scoliosis surgery [19]. Surgical de-
cisions depend on deformity severity, age, diagnosis, and comorbidities [13,35], while
addressing issues such as sitting balance, pain, respiratory complications, and quality
of life [7,13,15,36,37]. Despite careful preparation, risks remain high, with 1% in-hospital
mortality [13,38,39] and 40–63% major complications [11–13]. Unlike prior literature com-
paring myopathy to cerebral palsy [40], the current study directly contrasts myopathic
patients with scoliosis who have either had surgery or who have not.

Looking at the radiological findings, the only significant parameter concerning pro-
gression of scoliosis and PO of both the surgical and non-surgical groups was time. No
statistically significant difference was found between the surgical and non-surgical groups
in the severity of the final CA, as shown in Table 2. The final CA of surgical patients was
similar to the first measurements in the non-surgical group. While the non-surgical pa-
tients’ scoliosis worsened from 34.5 to 47 degrees, in the surgical group, the measurements
improved from 41 to 32 degrees. Sitting ability, as represented in PO, worsened over time
in the non-surgical group.

Regarding the questionnaire responses, the patients who had surgery reported signifi-
cantly increased scores for QoL (WHOQOL-BREF). Results from the other questionnaire
outcome measures did not reach statistical significance, although the FIM and SRS-22r gen-
eral self-image scores were higher for the surgery group; they also experienced decreased
pain and a lower self-image in the SRS-22r. These results are supported by previous studies
that highlight the importance of taking into consideration the patient’s goals, preferences,
and expectations as well as their reported post-surgical QoL [7,41–43].

There are several limitations to this study. First, the retrospective nature of it may lead
to variation in information quality, with variations over the years. This may have only
had a limited impact on data quality as the clinical personnel have remained stable over
time. Second, patients with missing radiographic data were excluded, leading to possible
bias in the final results. Third, a key limitation of this study was the small number of
participants who completed the prospective assessments (n = 13). This sample size restricts
statistical power and increases the likelihood of type II errors, meaning that true group
differences may not have been detected. The rarity of myopathic scoliosis, compounded
by mortality and loss to follow-up in this long-term (up to 32 years) cohort, contributed to
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the reduced number of participants. Although we employed nonparametric analyses and
PSM to enhance robustness and reduce bias, the results should be interpreted with caution.
The findings are best viewed as exploratory and as a foundation for future, larger-scale,
multicentric investigations aimed at validating these trends.

Fourth, although PSM improved comparability between the surgical and non-surgical
cohorts by controlling for age, diagnosis, and curve severity, the influence of additional
unmeasured confounders cannot be excluded. Differences in baseline function, degree of
sitting balance, or preoperative pain may have affected both the indication for surgery and
postoperative adaptation. Likewise, variations in family support or psychosocial context
could have influenced quality-of-life outcomes independently of surgical status. These
factors highlight the inherent limitations of retrospective designs and the importance of
future prospective studies incorporating comprehensive functional and contextual data.

Last, because of the rare nature of these disorders, the overall number of patients is
still small relative to other studies. To the best of our knowledge, this is the largest report,
to date, of patients with myopathic scoliosis comparing patients who underwent surgery
to those who did not. Increasing the sample size via a multicentric study is recommended.
Finally, although the number of patients reporting pre- and post-surgery SRS-22r scores was
small, presenting their responses is valuable since they highlight the patients’ perspectives.

5. Summary and Conclusions
The results of this study highlight the complex dilemma faced by both families and

clinicians when deciding whether to proceed with scoliosis surgery for patients with
myopathy. For some children, the decision is guided primarily by medical and physical
considerations; for instance, while respiratory distress may make surgery risky, timely
scoliotic correction could prevent further respiratory decline. At the same time, families
often express concerns about the potential complications of surgery and question its long-
term benefits, particularly regarding respiratory function, mobility, pain relief, and quality
of life. Although these decisions must be approached with caution due to the lack of
definitive evidence favoring surgery as the superior option, existing research suggests
that, despite the significant risks, QOL tends to improve for patients undergoing surgical
scoliosis correction in neuromuscular conditions, as supported by the present study and
others [7]. These considerations must be carefully communicated by the treating team to
enable families to make informed decisions [20].

Although the number of participants completing the prospective phase was limited,
the ambispective design of this study remains meaningful. It enabled the integration of
long-term, systematically collected retrospective clinical and radiological data with con-
temporary, patient-reported outcomes, an approach seldom feasible in this rare population.
The large retrospective component provided longitudinal context and objective measures
of disease progression, while the smaller prospective subset offered insights into quality of
life and functional independence. Together, these data illustrate the continuum between
the medical and lived experiences of patients with myopathic scoliosis. There is a need for
further study, preferably multicentric, due to the rarity of the diagnoses.

Author Contributions: Conceptualization, S.E., J.E.S. and A.S.; methodology, S.E., R.H. and A.S.;
formal analysis, A.R.; investigation, S.E., R.H. and A.S.; writing—original draft preparation, S.E.,
P.L.W. and A.S.; writing—review and editing, S.E., J.E.S., A.S., A.R., P.L.W. and R.H.; visualization,
A.R. and P.L.W.; supervision, S.E.; project administration, S.E.; funding acquisition, S.E. and P.L.W.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by The Leona M. and Harry B. Helmsley Charitable Trust (grant
no. 2207-05386).



Children 2025, 12, 1562 10 of 11

Institutional Review Board Statement: The research protocol was approved by the ALYN Hospital
Ethics Committee in accordance with the provisions of the World Medical Association Declaration of
Helsinki (protocol code 054-22 and date of approval 28 December 2023).

Informed Consent Statement: Informed consent was verbally obtained from participants of the
telephone survey.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no potential conflicts of interest with respect to the research,
authorship, and/or publication of this article.

References
1. McCarthy, R.E. Management of Neuromuscular Scoliosis. Orthop. Clin. N. Am. 1999, 30, 435–449. [CrossRef]
2. Nelson, S.E.; Sanders, J.O. Natural history including measures of maturity. In Bridwell and DeWald’s Textbook of Spinal Surgery;

Wolters Kuwar: Alphen aan den Rijn, The Netherlands, 2019; pp. 717–727.
3. Mayer, O.H. Scoliosis and the Impact in Neuromuscular Disease. Paediatr. Respir. Rev. 2015, 16, 35–42. [CrossRef] [PubMed]
4. Sarwark, J.; Sarwahi, V. New Strategies and Decision Making in the Management of Neuromuscular Scoliosis. Orthop. Clin. N.

Am. 2007, 38, 485–496. [CrossRef]
5. Archer, J.E.; Gardner, A.C.; Roper, H.P.; Chikermane, A.A.; Tatman, A.J. Duchenne muscular dystrophy: The management of

scoliosis. J. Spine Surg. 2016, 2, 185–194. [CrossRef]
6. Wishart, B.D.; Kivlehan, E. Neuromuscular Scoliosis. Phys. Med. Rehabil. Clin. N. Am. 2021, 32, 547–556. [CrossRef] [PubMed]
7. Howard, J.J.; Farrelly, J. In Paediatric Orthopaedics: An Evidence-Based Approach to Clinical Questions; Alshryda, S., Huntley, J.S.,

Banaszkiewicz, P.A., Eds.; Evidence-based treatment of neuromuscular scoliosis. Springer International Publishing: Cham,
Switzerland, 2017; pp. 213–228. [CrossRef]

8. Cheuk, D.K.; Wong, V.; Wraige, E.; Baxter, P.; Cole, A. Surgery for scoliosis in Duchenne muscular dystrophy. Cochrane Database
Syst. Rev. 2015, 2015, CD005375. [CrossRef] [PubMed]

9. Farber, H.J.; Phillips, W.A.; Kocab, K.L.; Hanson, D.S.; Heydemann, J.A.; Dahl, B.T.; Spoede, E.T.; Jefferson, L.S. Impact of scoliosis
surgery on pulmonary function in patients with muscular dystrophies and spinal muscular atrophy. Pediatr. Pulmonol. 2020, 55,
1037–1042. [CrossRef]

10. Murphy, R.F.; Mooney, J.F. Current concepts in neuromuscular scoliosis. Curr. Rev. Musculoskelet. Med. 2019, 12, 220–227.
[CrossRef] [PubMed]

11. Reames, D.L.; Smith, J.S.; Fu, K.M.G.; Polly, D.W.; Ames, C.P.; Berven, S.H.; Perra, J.H.; Glassman, S.D.; McCarthy, R.E.; Knapp,
R.D.; et al. Complications in the Surgical Treatment of 19,360 Cases of Pediatric Scoliosis. Spine 2011, 36, 1484–1491. [CrossRef]
[PubMed]

12. Rumalla, K.; Yarbrough, C.K.; Pugely, A.J.; Koester, L.; Dorward, I.G. Spinal fusion for pediatric neuromuscular scoliosis: National
trends, complications, and in-hospital outcomes. J. Neurosurg. Spine 2016, 25, 500–508. [CrossRef] [PubMed]

13. Loughenbury, P.R.; Tsirikos, A.I. Current concepts in the treatment of neuromuscular scoliosis: Clinical assessment, treatment
options, and surgical outcomes. Bone Jt. Open 2022, 3, 85–92. [CrossRef]

14. Tsirikos, A.I.; Roberts, S.B.; Bhatti, E. Incidence of spinal deformity surgery in a national health service from 2005 to 2018. Bone Jt.
Open 2020, 1, 19–28. [CrossRef]

15. Gaume, M.; Saghbiny, E.; Richard, L.; Thouement, C.; Vialle, R.; Miladi, L. Pelvic Fixation Technique Using the Ilio-Sacral Screw
for 173 Neuromuscular Scoliosis Patients. Children 2024, 11, 199. [CrossRef] [PubMed]

16. Li, Y.; Swallow, J.; Gagnier, J.; Cahill, P.J.; Sponseller, P.D.; Garg, S.; Thompson, G.H.; Ramo, B.A.; Pediatric Spine Study Group.
Growth-friendly surgery results in more growth but a higher complication rate and unplanned returns to the operating room
compared to single fusion in neuromuscular early-onset scoliosis: A multicenter retrospective cohort study. Spine Deform. 2021, 9,
851–858. [CrossRef] [PubMed]

17. Magee, L.; Bram, J.T.; Anari, J.B.; Ramo, B.; Mayer, O.H.; Matsumoto, H.; Brooks, J.T.; Andras, L.; Lark, R.; Fitzgerald, R.; et al.
Outcomes and Complications in Management of Congenital Myopathy Early-Onset Scoliosis. J. Pediatr. Orthop. 2021, 41, 531–536.
[CrossRef]

18. Miladi, L.; Gaume, M.; Khouri, N.; Johnson, M.; Topouchian, V.; Glorion, C. Minimally Invasive Surgery for Neuromuscular
Scoliosis. Spine 2018, 43, E968–E975. [CrossRef]

19. Eylon, S.; Weiss, P.L.; Rigbi, A.; Hanna, R.; Schroeder, J.; Satanovsky, S. Patients with myopathy and scoliosis treated conservatively:
Retrospective long-term follow-up and prospective outcomes. Glob. Spinal J. 2025, in press. [CrossRef]

https://doi.org/10.1016/S0030-5898(05)70096-1
https://doi.org/10.1016/j.prrv.2014.10.013
https://www.ncbi.nlm.nih.gov/pubmed/25434648
https://doi.org/10.1016/j.ocl.2007.07.001
https://doi.org/10.21037/jss.2016.08.05
https://doi.org/10.1016/j.pmr.2021.02.007
https://www.ncbi.nlm.nih.gov/pubmed/34175013
https://doi.org/10.1007/978-3-319-41142-2%25E2%2582%25824
https://doi.org/10.1002/14651858.CD005375.pub4
https://www.ncbi.nlm.nih.gov/pubmed/26423318
https://doi.org/10.1002/ppul.24664
https://doi.org/10.1007/s12178-019-09552-8
https://www.ncbi.nlm.nih.gov/pubmed/30941730
https://doi.org/10.1097/BRS.0b013e3181f3a326
https://www.ncbi.nlm.nih.gov/pubmed/21037528
https://doi.org/10.3171/2016.2.SPINE151377
https://www.ncbi.nlm.nih.gov/pubmed/27203810
https://doi.org/10.1302/2633-1462.31.BJO-2021-0178.R1
https://doi.org/10.1302/2633-1462.13.BJO-2020-0001.R1
https://doi.org/10.3390/children11020199
https://www.ncbi.nlm.nih.gov/pubmed/38397311
https://doi.org/10.1007/s43390-020-00270-7
https://www.ncbi.nlm.nih.gov/pubmed/33555599
https://doi.org/10.1097/BPO.0000000000001922
https://doi.org/10.1097/BRS.0000000000002588
https://doi.org/10.1177/21925682251356914


Children 2025, 12, 1562 11 of 11

20. Stinissen, L.; Bouma, S.; Böhm, J.; van Tienen, J.; Fischer, H.; Hughes, Z.; Lennox, A.; Ward, E.; Wood, M.; Foley, A.R.; et al.
The experience of clinical study and trial participation in rare diseases: A scoping review of centronuclear myopathy and other
neuromuscular disorders. Neuromuscul. Disord. 2023, 38, 1–7. [CrossRef] [PubMed]

21. Satanovsky, A.; Eylon, S.; Kaplan, L.; Schroeder, J. Scoliosis in pediatric neuromuscular myopathy—A retrospective national
cohort. Presented at: Global Spine Congress; May 2023; Prague, Czech Republic. Glob Spine J. 2023, 13 (Suppl. 2), 4S–214S.
[CrossRef]

22. World Health Organization. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM); Centers for Disease
Control and Prevention: Atlanta, GA, USA, 1979. Available online: https://archive.cdc.gov/www_cdc_gov/nchs/icd/icd9cm.htm
(accessed on 1 October 2025).

23. Bradford, D.S.; Hensinger, R.N. The Pediatric Spine; Thieme: New York, NY, USA, 1985.
24. Studer, D. Clinical investigation and imaging. J. Child. Orthop. 2013, 7, 29–35. [CrossRef]
25. Karkenny, A.J.; Magee, L.C.; Landrum, M.R.; Anari, J.B.; Spiegel, D.; Baldwin, K. The Variability of Pelvic Obliquity Measurements

in Patients with Neuromuscular Scoliosis. JBJS Open Access 2021, 6, e20. [CrossRef]
26. Shrader, M.W.; Andrisevic, E.M.; Belthur, M.V.; White, G.R.; Boan, C.; Wood, W. Inter- and Intraobserver Reliability of Pelvic

Obliquity Measurement Methods in Patients with Cerebral Palsy. Spine Deform. 2018, 6, 257–262. [CrossRef]
27. Skevington, S.M.; McCrate, F.M. Expecting a good quality of life in health: Assessing people with diverse diseases and conditions

using the WHOQOL-BREF. Health Expect. 2011, 15, 49–62. [CrossRef]
28. Glattes, R.C.; Burton, D.C.; Lai, S.M.; Frasier, E.; Asher, M.A. The Reliability and Concurrent Validity of the Scoliosis Research

Society-22r Patient Questionnaire Compared with the Child Health Questionnaire-CF87 Patient Questionnaire for Adolescent
Spinal Deformity. Spine 2007, 32, 1778–1784. [CrossRef] [PubMed]

29. Haidar, R.K.; Kassak, K.; Masrouha, K.; Ibrahim, K.; Mhaidli, H. Reliability and Validity of an Adapted Arabic Version of the
Scoliosis Research Society-22r Questionnaire. Spine 2015, 40, E971–E977. [CrossRef]

30. Niemeijer, A.S.; Reinders-Messelink, H.A.; Disseldorp, L.M.; Nieuwenhuis, M.K. Feasibility, Reliability, and Agreement of the
WeeFIM Instrument in Dutch Children with Burns. Phys. Ther. 2012, 92, 958–966. [CrossRef]

31. Ottenbacher, K.J.; Taylor, E.T.; Msall, M.E.; Braun, S.; Lane, S.J.; Granger, C.V.; Lyons, N.; Duffy, L.C. The stability and equivalence
reliability of the functional independence measure for children. Dev. Med. Child Neurol. 1996, 38, 907–916. [CrossRef]

32. Ziviani, J.; Ottenbacher, K.J.; Shephard, K.; Foreman, S.; Astbury, W.; Ireland, P. Concurrent Validity of the Functional Indepen-
dence Measure for Children (WeeFIM(TM)) and the Pediatric Evaluation of Disabilities Inventory in Children with Developmental
Disabilities and Acquired Brain Injuries. Phys. Occup. Ther. Pediatr. 2002, 21, 91–101. [CrossRef]

33. Rosenbaum, P.R. Optimal Matching for Observational Studies. J. Am. Stat. Assoc. 1989, 84, 1024–1032. [CrossRef]
34. Noguchi, K.; Gel, Y.R.; Brunner, E.; Konietschke, F. nparLD: An R Software Package for the Nonparametric Analysis of

Longitudinal Data in Factorial Experiments. J. Stat. Softw. 2012, 50, 1–23. [CrossRef]
35. Parr, A.; Askin, G. Paediatric scoliosis: Update on assessment and treatment. Aust. J. Gen. Pract. 2020, 49, 832–837. [CrossRef]
36. Tsirikos, A.I.; Wordie, S.J. The surgical treatment of spinal deformity in children with non-ambulatory myelomeningocele. Bone Jt.

J. 2021, 103-B, 1133–1141. [CrossRef] [PubMed]
37. Tsirikos, A.I.; Chang, W.N.; Dabney, K.W.; Miller, F. Comparison of Parents’ and Caregivers’ Satisfaction After Spinal Fusion in

Children with Cerebral Palsy. J. Pediatr. Orthop. 2004, 24, 54–58. [CrossRef]
38. Bell, D.F.; Moseley, C.F.; Koreska, J. Unit Rod Segmental Spinal Instrumentation in the Management of Patients with Progressive

Neuromuscular Spinal Deformity. Spine 1989, 14, 1301–1307. [CrossRef]
39. Matsumoto, H.; Fano, A.N.; Herman, E.T.; Snyder, B.; Roye, B.D.; Cahill, P.; Ramo, B.; Sponseller, P.; Vitale, M.G.; Pediatric Spine

Study Group. Mortality in Neuromuscular Early Onset Scoliosis Following Spinal Deformity Surgery. J. Pediatr. Orthop. 2022, 42,
e234–e241. [CrossRef]

40. Bridwell, K.H.; Baldus, C.; Iffrig, T.M.; Lenke, L.G.; Blanke, K. Process Measures and Patient/Parent Evaluation of Surgical Man-
agement of Spinal Deformities in Patients with Progressive Flaccid Neuromuscular Scoliosis (Duchenne’s Muscular Dystrophy
and Spinal Muscular Atrophy). Spine 1999, 24, 1300. [CrossRef]

41. Larsson, E.L.C.; Aaro, S.I.; Helena Öberg, B.E. Long-Term Follow-up of Functioning after Spinal Surgery in Patients with
Neuromuscular Scoliosis. Spine 2005, 30, 2145–2152. [CrossRef] [PubMed]

42. Ersberg, A.; Gerdhem, P. Pre- and postoperative quality of life in patients treated for scoliosis. Acta Orthop. 2013, 84, 537–543.
[CrossRef] [PubMed]

43. Barone, G.; Giudici, F.; Manzini, F.; Pironti, P.; Vigano, M.; Minoia, L.; Archetti, M.; Zagra, A.; Scaramuzzo, L. Adolescent
Idiopathic Scoliosis Surgery: Postoperative Functional Outcomes at 32 Years Mean Follow-Up. Children 2024, 11, 52. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.nmd.2023.12.014
https://www.ncbi.nlm.nih.gov/pubmed/38290938
https://doi.org/10.1177/21925682231166108
https://archive.cdc.gov/www_cdc_gov/nchs/icd/icd9cm.htm
https://doi.org/10.1007/s11832-012-0461-8
https://doi.org/10.2106/jbjs.oa.20.00143
https://doi.org/10.1016/j.jspd.2017.10.001
https://doi.org/10.1111/j.1369-7625.2010.00650.x
https://doi.org/10.1097/BRS.0b013e3180dc9bb2
https://www.ncbi.nlm.nih.gov/pubmed/17632399
https://doi.org/10.1097/BRS.0000000000000956
https://doi.org/10.2522/ptj.20110419
https://doi.org/10.1111/j.1469-8749.1996.tb15047.x
https://doi.org/10.1300/J006v21n02_08
https://doi.org/10.1080/01621459.1989.10478868
https://doi.org/10.18637/jss.v050.i12
https://doi.org/10.31128/AJGP-06-20-5477
https://doi.org/10.1302/0301-620X.103B6.BJJ-2020-2158.R1
https://www.ncbi.nlm.nih.gov/pubmed/34058879
https://doi.org/10.1097/01241398-200401000-00010
https://doi.org/10.1097/00007632-198912000-00006
https://doi.org/10.1097/BPO.0000000000002036
https://doi.org/10.1097/00007632-199907010-00006
https://doi.org/10.1097/01.brs.0000180403.11757.6a
https://www.ncbi.nlm.nih.gov/pubmed/16205339
https://doi.org/10.3109/17453674.2013.854667
https://www.ncbi.nlm.nih.gov/pubmed/24171684
https://doi.org/10.3390/children11010052

	Introduction 
	Materials and Methods 
	Study Design 
	Patients and Research Team 
	Context 
	Instruments 
	Data Retrieval and Analysis 

	Results 
	Discussion 
	Summary and Conclusions 
	References

