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Scoliosis in myelomeningocele 

Lars Samuelsson’ and Ole Ek10f2 

Prevalence, type, and magnitude of scoliosis were studied in 163 patients with 
myelomeningocele. A scoliosis was diagnosed in 143 of them, congenital in 
15 percent of the cases and developmental in the remaining patients. The 
severity of scoliosis increased with age and was more severe the higher the level 
of the neurologic deficit. The direction of the curves was correlated with pelvic 
obliquity, but not with hip dislocation. Although some patients with low level 
anomalies may develop severe scoliosis, patients with levels above L3 run a 
considerably higher risk in this respect. The radiographic baseline examination 
of the spine carried out in the newborn seems to permit a reasonable prognosis 
in regard to future scoliosis. Gross syringohydromyelia caused or contributed 
to scoliosis in 5 percent of the cases. However, less extensive syringohydro- 
myelia and Chiari malformations due to abnormal neuromuscular control also 
promote the development of scoliosis in these patients. 

In patients with myelomeningocele, the incidence 
of scoliosis is reported to  vary between 9 and 88 
percent depending on age and the neurologic level 
of the lesion (Raycroft and Curtis 1972, Shurtleff 
e t  al. 1976, Piggott 1980). Two main origins of 
scoliosis are recognized - congenital, a small 
number, and developmental, the majority. Pa- 
tients belonging to the former group are born with 
vertebral anomalies in addition to  those anomal- 
ies characteristic of myelomeningocele. In the 
developmental type, inadequate neuromuscular 
control results in scoliosis (Raycroft and Curtis 
1972). Further, idiopathic curves with no appar- 
ent causative mechanism are on record (Piggott 
1980); these are, however, sometimes associated 
with central nervous system abnormalities, e.g.. 
syringohydromelia and Chiari malformations 
(Hall et al. 1976, Samuelsson et al. 1987). 

We have attempted to identify correlations 
between prevalence, type, location, and degree of 
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scoliosis, on the one hand, and age, gender. 
radiographic and neurologic levels of the lesion. 
pelvic obliquity, and hip dislocation, on the other. 
We also wanted to correlate scoliosis with man- 
ifestations of brain stem and/or spinal cord lesions 
cranial to the myelomeningocele. 

Patients and methods 

Totally, 196 patients with myelomeningocele 
were treated between 1952 and 1985 at the 
Karolinska Hospital, Stockholm, or at Orebro 
Medical Center Hospital, Orebro, Sweden. 

Eighty-five males and 78 females, mean age 15 
(2-40) years, underwent a clinical and radiogra- 
phic follow-up examination between January 1, 
1984, and December 31, 1985, Of the remaining 
33 subjects lost for study, 11 were dead, 17 had 
moved to other parts of Sweden, and 5 were 
untraceable. Review of the case histories and 
available radiographs revealed no differences be- 
tween this subgroup and the main series as regards 
age and levels of lesions. 

Radiographic level of rnyelorneningocele. The 
upper level of the vertebral anomaly related to  the 
myelomeningocele was radiographically deter- 
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mined. For this purpose, radiographs obtained 
before 6 years of age were reassessed. Special 
attention was paid to defects and deformities of 
the neural arches, increase in interpedicular dis- 
tance, and distortions and deviations of the pe- 
dicular bases (Samuelsson and Eklof 1987). 
Radiographs from previous examinations and 
those obtained at  the follow-up were also assessed 
for congenital vertebral anomalies in addition to 
those typical of myelomeningocele. 

Radiographic assessment of scoliosis, pelvic ob- 
liquity, and hip dislocation. Scoliosis was defined 
as a curve of 5" or more. It was measured 
according to Cobb (1948) on anteroposterior 
radiographs obtained in an unsupported sitting 
position. Due to the lack of relevant radiographs, 
2 patients were omitted from this appraisal. 
Thoracic curves had their apex between T2 and 
T11, thoracolumbar curves at T12 or L1, and 
lumbar curves between L2 and L4. The same 
radiographs were used for evaluating pelvic ob- 
liquity according to Osebold et al. (1982) by 
measuring the angle formed by the intercrest line 
and the horizontal line. Assessment proved fea- 
sible in 131 patients, whereas 32 were excluded 
because available radiographs were unsuitable for 
appraisal. Radiographs of the pelvis, also ob- 
tained at the follow-up, were screened for dislo- 
cation of the hips. 

Magnetic resonance imaging (MRI). The brain 
and spinal cord were examined with MRI in 35 
patients using a 1.0 Tesla (T) superconducting 
unit (Siemens, Magnetom) operating at 0.35 Tor  
0.5 T. Selected for this examination were patients 
with developmental scoliosis and/or symptoms 
and signs suggestive of lesions in the brain stem 
or  spinal cord at levels above the myelomeningo- 
cele. 

Assessment of neurologic level and deficiencies. 
Using the criteria set up by Lindseth (1976), the 
level of the motor deficit was established, per- 
mitting identification of six neurosegmental le- 
vels. Thus, the motor level deficit was defined as 
the lowest level, on the better side, at which the 
patient was able to perform an antigravity grade 
3 movement through the available range of joint 
mobility. In addition, sensory disturbances and 
upper or lower motor neuron paralysis above the 
myelomeningocele were recorded. 

Statistical methods. Differences between meas- 
urements of scoliosis stratified according to age. 
gender, radiographic and neurologic level. and 
location of the curvature were analyzed with the 
Spearman rank correlation, Kruskal-Wallis test, 
and Mann-Whitney U-test. The relationship be- 
tween curve pattern, pelvic obliquity. and hip 
dislocation was tested by chi-square analysis. The 
5 percent level of significance was accepted. 

Results 

Age, gender, and prevalence of scoliosis. Scolio- 
sis was found in 77 males and 66 females. Fifty-two 
patients had also developed compensatory curves. 
If age and motor level are disregarded, this 
implies an 89 percent prevalence of scoliosis. 
However, the age dependence was reflected by 
the fact that only 59 percent of all the patients 
below aged 6 years presented with scoliosis. This 
rate increased to 97 percent in the age-interval 
11-16 years (Table 1). 

Congenital scoliosis. All 21 patients with conge- 
nital scoliosis had vertebral anomalies besides 
those characteristic of myelomeningocele. There 
was a broad spectrum of malformations. Single or, 
more frequently, multiple hemivertebrae with or 
without neural arch abnormalities and fusions of 
vertebral bodies occurred. In  11 patients such 
anomalies were found at discontinuous levels. 
Patients belonging to this category had, on an 
average, higher lesions independent of whether 
the assessment of the level was radiographic or 
neurologic. Their curvatures were generally more 
severe. 

Prevalence of scoliosis related to radiographic 
and neurologic levels. The radiographic level of 
the lesion was thoracic in 15 percent of the cases, 
lumbar in 69 percent, and sacral in 16 percent. The 

Table 1. Occurrence and degree of scoliosis in 143 patients 
with myelorneningocele 

Age Total wlth Degreesofscollosi 

(fraction) (90 percent ram) 
number scollosls Mean, median 

0-6 22 13 (0.59) 20. 11 (5-60) 
6-11 28 24 (0.85) 26. 21 (540) 

11-16 35 34 (0.97) 32. 24 (5-108) 
1 G  78 72 (0.92) 34. 20 (5-148) 
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Table 2 Mean degrees, median degrees, and percent of pa- 
tients with scoliosis according to radiographic level N 141 

Level Total With Degrees of scoliosis 

(fraction) (90 percent range) 
number scoliosis Mean, median 

Thoracic 24 24 (1) 54, 48 ($108) 

L4 40 34 (0.85) 28. 20 (5-94) 

L 1 4 2  20 19 (0.95) 38, 36 (5-84) 
L3 19 17 (0.90) 32, 20 (9-84) 

L5 33 29 (0.88) 23, 15 (5-61) 
Sacral 25 18 (0.72) 11. 9 (5-20) 

Table 3 Mean degrees, median degrees, and percent of pa- 
tients with scoliosis according to neurologic level N 143 

Level Total With Degrees of scoliosis 

(fraction) (90 percent ranse) 
number scoliosis Mean, median 

Thoracic 35 35 (1) 52, 48 (7-107) 
L 1 4 2  5 5 (1) 58, 36 (9-130) 
L3 26 26 (1) 28, 20 (5-61) 
L4 32 26 (0.81) 30, 20 (7-100) 
L5 20 17 (0.85) 14, 11 (5-23) 
Sacral 45 34 10.75) 16, 10 15-47) 

frequency and severity of scoliosis were worse in 
patients with upper lesions (Table 2). The neuro- 
logic level was thoracic in 22 percent of the 
patients, lumbar in 51 percent, and sacral in 27 
percent. Eleven patients with no scoliosis had 
neurologic sacral lesions (Table 3). 

Curve pattern. There was no sex difference as 
regards the site or direction of scoliosis. In gen- 
eral, thoracic curves were more pronounced than 
those with a thoracolumbar of lumbar location. 

Pelvic obliquity and hip dislocation versus scolio- 
sis. Of 131 patients with radiographs permitting 
assessment, 103 had an oblique pelvis and 25 a 
horizontal one. The left side was high in 55 cases 
and the right side in 48. The mean amplitude of 
pelvic obliquity was So, the median 5" (0"-39"). In 
46 patients with an obliquity of 5" or more, 22 had 
a high right hemipelvis and 24 a high left hemipel- 
vis. In 36 of them the convexity of the scoliosis was 
away from the high side of the pelvis. Thirty 
patients had scoliosis and dislocated hips - 10 of 
them bilaterally. There was no correlation be- 
tween the side of the dislocation and the direction 
of the scoliosis. 

Brain stem and spinal cord lesions. Eighteen 
patients has neurologic deficits rostra1 to the 

myelomeningocele. Fifteen of them were exam- 
ined by MRI. Ten of these patients had signs of 
cranial nerve deficits. Syringohydromelia in a 
widened or bulging spinal cord was shown in 5 of 
them. Another 20 patients, without neurologic 
deficits above the rnyelomeningocele, underwent 
MRI. Nine of them had less extensive syrinxes in 
atrophic or normal-sized spinal cords. All 35 
patients had Chiari malformations of varying 
extent (Samuelsson et al. 1987). 

Discussion 

The distribution of patients according to radiogra- 
phic and neurologic levels (Tables 2 and 3) 
conforms with the findings of Menelaus (1980). 
However, only 3 percent of our patients belonged 
to  the Ll-L2 motor level, as compared with 
approximately 20 percent of the cases reported by 
Raycroft and Curtis (1972). The divergence of 
findings reported in the literature may partly be 
explained by the lack of common criteria for 
classification of neurologic deficits. In our opinion 
the method of Lindseth (1976) used in this inves- 
tigation is superior, and it permits reclassification 
for comparison with findings obtained according 
to Sharrard (1964) or Hoffer et al. (1973). 

Congenital scoliosis. Our 15 percent rate of 
congenital scoliosis is lower than in most previous 
reports. Raycroft and Curtis (1972) reported an 
incidence of 21 percent and Piggott (1980) 38 
percent. This discrepancy might be accounted for 
by differences in age at the time of assessment. In 
contrast to previous reports, our evaluation was 
based on radiographs obtained before 6 years of 
age. It was, therefore, possible to separate true 
congenital curvatures from developmental scolio- 
sis. 

Scoliosis related to age and level of lesion. Both 
the prevalence and the severity of scoliosis in- 
crease with age and higher neurologic level. In our  
patients aged 20 years or older, the prevalence of 
scoliosis exceeding 30" was higher than the per- 
centage reported by Shurtleff et al. (1976). This 
feature was particularly obvious in patients with 
thoracic or sacral lesions. Although patients with 
low lesions may develop a severe scoliosis. our 
results indicate a preponderance of such curves in 
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patients with levels higher than L3. Eleven pa- 
tients without scoliosis had sacral lesions. Out of 
the remaining 7, all except 1 patient had neuro- 
logic levels below LlLL2. The agreement dem- 
onstrated between radiographic and neurologic 
assessments of the level of the lesion makes it 
possible to use the baseline radiographic examin- 
ation as an indicator of the likely degree of future 
scoliosis (Samuelsson and Eklof 1987). 

Scotiasis, pelvic obliquity, and hip dislocation. 
Raycroft and Curtis (1972) found an elevated 
pelvis, ipsilateral luxation or subluxation of the 
hip, and lumbar scoliosis to the contralateral side 
in all the cases of moderate or severe develop- 
mental scoliosis. We could confirm the obser- 
vation that the convexity of the scoliosis was 
opposite to the the elevated side of the pelvis. 
However, there was no correlation between the 
direction of scoliosis and side of hip dislocation. 
Independent of the side of dislocation, the left 
hemipelvis tended to  be higher twice as frequently 
as the right hemipelvis. These findings accord with 

the observations of Lonstein and Beck (1986) in 
their study of patients with cerebral palsy. Our 
results seem to exclude infrapelvic factors, such 
as hip dislocation, as a probable cause of scoliosis 
also in myelomeningocele. 

Scoliosis and syringomyelia. Including cases of 
idiopathic scoliosis (Piggott 1980), 85 percent of 
all our curves were developmental. An idiopathic 
scoliosis may originate as an inborn or acquired 
neurologic abnormality associated with mge- 
lomeningocele. In these patients, syringohydro- 
myelia and/or Chiari malformations have been 
demonstrated, both at necropsies (Peach 1965, 
Emery 1972, Gilbert et al. 1986) and by means of 
neuroradiologic methods (Hall et al. 1976, Venes 
e t  al. 1986, Samuelsson et a]. 1987). 

There is an established relation between idio- 
pathic syringomyelia and scoliosis (Huebert and 
MacKinnon 1969, Williams 1979, Baker and Dove 
1983). Previous reports indicate that spinal cord 
cavities may also cause scoliosis in myelomenin- 
gocele patients (Hall et al. 1976, Samuelsson et 
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Figure 1. A 10-year-old girl with a radiographic level of the 
rnyelomeningocele at L5. 
A. Thoracic scoliosis. 
B. Thoracic, axial MR image demonstrating syringohydromye- 
ha. Rim of spinal cord between arrows. 
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al. 1987). In association with myelomeningocele 
the prevalence of syringohydromyelia has been 
estimated to be as high as 40 percent, but the 
majority of cases probably remain clinically oc- 
cult. 

Six of our patients had neurologic deficits 
clinically ascribable to  syringohydromyelia. Five 
of them underwent MRI, which revealed large 
spinal cord cavities. This indicates a prevalence of 
gross syringohydromyelia causing or contributing 
to scoliosis in at least 5 percent of the cases. One 
may assume that the more frequent, less exten- 
sive, and clinically asymptomatic cavities may also 
affect spinal stability, thus contributing to the 
development of scoliosis. These small cavities are 
probably the origin of the gross, clinically man- 
ifest syringohydromyelia. 

In patients with myelomeningocele, syringohy- 
dromyelia is commonly located at the cervicotho- 
racic junction (Samuelsson et al. 1987). This 
location is in common with idiopathic syringomye- 
lia, which is often associated with high thoracic 
scoliosis. In myelomeningocele patients, similar 
thoracic curves associated with low radiologic 
levels may indicate syringohydromyelia, es- 
pecially if the corresponding neurologic level is 
high (Figure 1). 

Brain stem dysfunction and scoliosis. During 
periods of vertebral growth, patients with adoles- 
cent idiopathic scoliosis have an equilibrium dys- 
function at the brain stem. As a consequence, it 
has been postulated that scoliosis may develop 
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