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Abstract
Purpose To determine the prevalence of intraspinal alterations in scoliosis due to Spinal Muscular Atrophy (SMA).
Methods Cross-sectional, observational, descriptive study. Fifty-six patients with SMA diagnosis required surgical treat-
ment due to scoliosis. Inclusion criteria: scoliosis/kyphoscoliosis > 50 degrees in the coronal plane, clinical characteristics 
of Spinal Muscular Atrophy, accurate diagnosis by means of molecular or genetic study. Prior to the spinal surgery, and to 
find related intraspinal alterations, MRI of the spine and posterior cranial fossa was performed.
Results Forty females, 16 males, mean age 11 years (range 6–14 years). 94% of the patients had Spinal Muscular Atrophy 
type 2. The mean angle value was 81 degrees (range 53–122 degrees) in the coronal plane and 62 degrees (range 35–80 
degrees) in the sagittal plane. The prevalence of intraspinal alterations was 1.78%. One patient with cervical hydromyelia 
and no neurological surgical procedure prior to the spinal deformity surgery was reported.
Conclusions In the context of preoperative planning and strategy of patients with scoliosis due to Spinal Muscular Atrophy, 
MRI may have not to be requested.
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Introduction

Spinal muscular atrophy (SMA) is a genetic disorder of 
autosomal recessive inheritance in 95% of the cases. The 
disorder is characterized by the loss of motor neurons of the 
anterior horns of the spinal cord causing muscle atrophy 
leading to proximal muscle and trunk weakness. The esti-
mated incidence is 1 in 11,000 live births. The natural his-
tory of SMA is complex, variable, and multifactorial. Based 
on the clinical features and age at diagnosis, the disease has 

been classified into different types and subtypes [1]. Type 
0: hypotonic neonates with severe respiratory involvement 
and a life expectancy of less than 6 months; type 1 or Werd-
nig–Hoffman disease: infants younger than 6 months of life 
who cannot sit without support; type 2: children younger 
than 18 months who, although they are able to sit, cannot 
stand or walk independently; type 3 or Kugelberg–Welander 
disease: patients are generally older than 18 months and are 
able to walk without support at some point in their life; type 
4: adult patients with the least severe form of the disease 
who walk independently [1, 2].

The incidence of scoliosis, one of the different ortho-
pedic disorders associated with the disease, is between 50 
and 70%. SMA-associated scoliosis is progressive in nature 
and the majority of patients need surgical treatment at some 
point during the course of the disease [3, 4].

Complementary studies are part of the evaluation and 
therapeutic strategy of the spinal deformity, and in this con-
text, magnetic resonance imaging (MRI) is commonly used 
as the preoperative study of choice to rule out associated 
interspinal lesions [5, 6]
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The aim of this study was to determine the prevalence 
of interspinal anomalies in SMA-associated neuromuscular 
scoliosis.

Materials and methods

An observational, cross-sectional, epidemiological study 
was conducted. Between 2005 and 2017, a total of 214 
patients with SMA were evaluated; 56 required surgery 
because of the associated spinal deformity. Inclusion cri-
teria were scoliosis/kyphoscoliosis > 50º in the coronal 
plane, clinical features of SMA, and a diagnosis confirmed 
by molecular genetic studies.

As part of the preoperative work-up, MRI of the whole 
spine and the posterior fossa was performed. A Toshiba 
Visart 1.5  T MRI equipment was used and T1- and 
T2-weighted and STIR images were acquired in the sagit-
tal, coronal, and axial planes with a 5 mm slice thickness. 
In patients younger than 8 years and those who for some 
reason did not tolerate the procedure, the study was per-
formed under general anesthesia.

The images were analyzed for associated intraspinal 
lesions, such as Chiari, syringomyelia, hydromyelia, teth-
ered cord, tumors, and cysts, by at least one spine surgeon 
and an imaging specialist.

Results

Overall 56 patients, 40 women and 16 men, with a mean 
age of 11 years (range 6–14 years) at the time of surgery 
were evaluated.

Among the SMA subtypes, 53 patients had type 2, two had 
type 3, and only one patient had type 1. The most common 
spinal deformity and curve pattern was right thoracolumbar 
scoliosis, associated with pelvic obliquity in all cases. The 
mean angle value was 81º (range 52 º–124º) in the frontal and 
62º (range 35º–93º) in the sagittal plane (Table 1).

Intraspinal lesions were detected on MRI in 1.78% of 
the patients with SMA-associated scoliosis (Fig. 1). No 
Chiari-type malformations, syringomyelia, tethered cord, 
tumors, or cysts were found. Only one patient with cer-
vical hydromyelia was registered (Fig. 1), who did not 
undergo neurosurgery prior to the surgical correction of 
the spinal deformity.

Discussion

With the widespread use of the MRI, the detection of 
intraspinal lesions in patients with spinal deformities has 
become a topic of interest, not only for diagnostic purposes 

but also as part of the therapeutic strategy in patients who 
are scheduled to undergo surgery for the correction of their 
spinal deformity [7].

Based on routine MRI studies, Rajasekaran et al. showed 
that 35% of their patients with congenital scoliosis had 
some type of associated intraspinal anomaly [8]. Lee et al. 
reported intraspinal spinal lesions in 6.3% of 378 patients 
with adolescent idiopathic scoliosis detected previous to 

Table 1  Clinical features and imaging studies

º degrees, SMA spinal muscular atrophy

Patients (n) 56
Mean age (years) 11
Sex, n (%)
 Male 16 (30)
 Female 40 (70)

SMA, n (%)
 Type 1 1 (1,78)
 Type 2 53 (94)
 Type 3 2 (3.57)

Spinal deformity, n (%)
 Scoliosis 39 (69)
 Kyphoscoliosis 17 (21)

Angle value, mean (°)
 Coronal plane 81
 Sagittal plane 62

Type of curve, n (%)
 Thoracolumbar 45 (80)
 Double curve 11 (20)

Pelvic obliquity, n (%)
  < 20° 15 (26)

   > 20° 41 (74)
 Hip dislocation, n (%) 12 (21)

Intraspinal lesions n (%)
 Cervical hydromyelia 1 (1.78)

Fig. 1  Magnetic resonance imaging. Sagittal and axial T2-weighed 
images show cervical hydromyelia
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surgery, being syringomyelia and Chiari the most prevalent 
[9]. Swarup et al. analyzed MRI findings in 259 patients 
with adolescent idiopathic scoliosis excluding degenerative 
changes and extraspinal lesions. The authors found a rate of 
intraspinal disorders of 25%, of whom 1% needed neuro-
surgical treatment before undergoing surgery for the spinal 
deformity [10]. In a study of 56 patients with juvenile and 
adolescent idiopathic scoliosis, Maenza reported a rate of 
19.6% of anomalies in the posterior cerebral fossa and the 
spinal cord canal [11].

In the evaluation of imaging studies, in particular MRI, in 
patients with SMA, Pradhan et al. identified morphological 
and dynamic changes in the cervical spinal cord in neutral 
and flexion position sequences [12]. Smith et al. described 
ventral spinal root atrophy in the lumbar region in a patient 
with SMA type 2 [13].

In our series, the prevalence of intraspinal anomalies was 
1.78%. In the only case, a child with cervical hydromyelia, 
the lesion did not affect the surgical planning for the correc-
tion of the spine deformity. Hydromyelia is a congenital mal-
formation of the spinal cord characterized by a non-contrast-
enhancing dilation of a short segment of the central canal 
lined by ependymal cells. The lesion has a stable course and 
is neurologically asymptomatic. The lesion is also termed 
localized idiopathic hydromyelia to distinguish it from syrin-
gomyelia secondary to Chiari, trauma, infection, or tumor. 
Some authors define the entity as the presence of a persistent 
central canal [14, 15].

The routine use of MRI previous to the surgical cor-
rection of a spinal deformity is a controversial issue in the 
literature. Its potential benefits should be weighed against 
the risks, complications, and costs [7, 10]. As part of the 
surgical workup for correction of the spinal deformity, pre-
operative MRI is still a viable paradigm in, among others, 
congenital and idiopathic scoliosis.

In certain cases, such as younger patients and those who do 
not tolerate the study, MRI is performed under general anes-
thesia, which in these disorders may potentially increase the 
risk of complications. Considering our results and in addition 
to the above-mentioned aspects related to the study, owing to 
its high cost, the MRI places a significant financial burden on 
the health-care system. Therefore, the routine request for an 
MRI study previous to surgery for the correction of a spinal 
deformity should be evaluated. Last but not least, legal medi-
cal aspects should also be considered because of the risks and 
complications related to surgical treatment.

Conclusion

In the preoperative work-up or surgical planning in patients 
with SMA-associated neuromuscular scoliosis, MRI may not 
have to be requested.
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