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Prevalence of Neural Axis 
Abnormalities in Patients with 
Infantile Idiopathic Scoliosis

BY MATTHEW B. DOBBS, MD, LAWRENCE G. LENKE, MD, DEBORAH A. SZYMANSKI, RN, 
JOSE A. MORCUENDE, MD, PHD, STUART L. WEINSTEIN, MD, 

KEITH H. BRIDWELL, MD, AND PAUL D. SPONSELLER, MD

Investigation performed at the Department of Orthopaedic Surgery, Washington University School of Medicine, 
Saint Louis, and Saint Louis Shriners Hospital for Children, Saint Louis, Missouri 

Background: Although reports in the literature have demonstrated an approximately 20% prevalence of neural
axis abnormalities in patients with juvenile idiopathic scoliosis who have a curve of >20°, the prevalence of
neural axis abnormalities in patients with infantile idiopathic scoliosis is not well documented. In two previous
studies involving a total of only ten patients with infantile idiopathic scoliosis, five patients were noted to have
a neural axis abnormality on magnetic resonance images.

Methods: The records of forty-six consecutive patients who were seen between 1992 and 2000 at three spinal
deformity clinics were retrospectively reviewed. The inclusion criteria included presumed idiopathic scoliosis at
the time of presentation, an age of three years or less, a curve magnitude of ≥20°, normal neurological find-
ings, no associated syndromes, and no congenital abnormalities. All patients were evaluated with a total spine
magnetic resonance imaging protocol for examination of neural axis abnormalities from the skull to the coccyx.

Results: Ten (21.7%) of the forty-six patients were found to have a neural axis abnormality on magnetic reso-
nance imaging. This group included five patients with an Arnold-Chiari malformation and an associated cervico-
thoracic syrinx, three with syringomyelia, one with a low-lying conus, and one with a brainstem tumor. Eight of
these ten patients needed neurosurgical intervention for treatment of the abnormality.

Conclusions: The 21.7% prevalence of neural axis abnormalities in this group of patients with infantile idio-
pathic scoliosis was found to be almost identical to that reported in the literature on patients with juvenile idio-
pathic scoliosis. Because of the high prevalence of abnormalities and the fact that eight of the ten patients
with abnormal findings on magnetic resonance images required neurosurgical intervention, a total spine mag-
netic resonance imaging evaluation at the time of presentation is recommended for all patients with infantile id-
iopathic scoliosis who have a curve measuring ≥20°.

he evaluation and treatment of patients with infantile-
onset idiopathic scoliosis is a challenging problem.
When evaluating the spinal deformity, the treating phy-

sician must be aware that scoliosis in children can be the pre-
senting sign of an asymptomatic neural axis abnormality1-4. If
the neural axis abnormality remains undetected, there is a risk
of neurological sequelae resulting from the use of instrumen-
tation for correction of the scoliosis5-7. Of additional concern is
the reported need for neurosurgical intervention between the
time of birth and the age of ten years in >50% of patients with
idiopathic scoliosis who have neural axis abnormalities on
magnetic resonance imaging1,8,9. However, those studies in-
cluded only a very small number of patients in the infantile
age-group (birth to the age of three years).

Although reports in the literature have demonstrated
an approximately 20% prevalence of neural axis abnormali-

ties in patients with juvenile idiopathic scoliosis who have a
curve of >20°1,8,9, the prevalence of neural axis abnormalities
in patients with infantile idiopathic scoliosis is not well doc-
umented. In the study by Gupta et al.1, three of six infants
with scoliosis and normal neurological findings were found
to have neural axis abnormalities on magnetic resonance im-
ages. In a similar study by Lewonowski et al.8, two of four in-
fants with scoliosis and normal neurological findings were
found to have abnormalities on magnetic resonance images.
However, the sample sizes in those studies were small, and
without more data it is difficult to make recommendations
regarding the need for routine use of magnetic resonance im-
aging for patients in the infantile age-group. Informed decision-
making in this age-group is even more critical because the
performance of a screening magnetic resonance imaging ex-
amination in these young children often involves the risks
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associated with intravenous sedation or general anesthesia.
The purposes of the present study were to determine the

prevalence of neural axis abnormalities in a large multicenter
cohort of patients with idiopathic infantile scoliosis who had
normal neurologic findings on history and physical examina-
tion and to report on the clinical importance of the identified
neural axis abnormalities as indicated by the need for further
neurosurgical intervention.

Materials and Methods
he databases at three spinal deformity clinics were retro-
spectively reviewed to identify all patients with infantile-

onset scoliosis who had been seen between 1992 and 2000. The
inclusion criteria were presumed idiopathic scoliosis at the
time of presentation, an age of three years or less at the time of
diagnosis, a curve magnitude of ≥20° as measured on a radio-
graph made with the patient supine (for infants) or standing
(for patients who were old enough to stand without support),
normal findings on a neurological examination, no associated
syndromes, and the absence of congenital spinal abnormalities.
Forty-six consecutive patients met the criteria for inclusion in
the study. 

The neurological examination, which was performed by
a pediatric and/or spinal orthopaedic surgeon, consisted of an
evaluation of the motor, sensory, and reflex function of the
upper and lower extremities as well as an evaluation of the ab-
dominal reflex. Anteroposterior and lateral radiographs of the
entire spine were made at the time of presentation to rule out
congenital anomalies and to allow for measurement of the
Cobb angle. All patients with a curve of ≥20° underwent a to-
tal spine magnetic resonance imaging protocol for examina-
tion of neural axis abnormalities from the skull to the coccyx.
If a neural axis abnormality was detected, the patient was re-
ferred for neurosurgical evaluation, treatment, and follow-up.
All patients were followed continually by the pediatric defor-
mity service at regular intervals.

Total Spine Magnetic Resonance Imaging Protocol
The magnetic resonance imaging examinations were done in
the same manner at all three institutions. T1 and T2-
weighted sagittal screening images of the cervical, thoracic,
and lumbosacral spine were made for all patients. Additional
sagittal and axial screening images of the craniocervical junc-
tion, cervicothoracic junction, thoracolumbar junction, lum-
bosacral junction, and the area of major deformity were also
made. The studies were reviewed to check for all neural axis
abnormalities, including Arnold-Chiari malformation, syrin-
gomyelia, hydromyelia, low-lying conus, tethered cord, and
neoplasm. All studies were reviewed by an attending pedia-
tric neuroradiologist as well as by the attending spine or pe-
diatric orthopaedic surgeon.

Statistical Analysis
Descriptive statistics were calculated with use of the combined
data from all three centers. Odds ratios were used to describe
the association between the gender of the patient, the direc-

tion of the curve, the apex of the curve (T10/11 and above com-
pared with T11/12 and below) and the prevalence of abnormal
magnetic resonance imaging findings. The chi-square test for
trend was used to evaluate the relationship between a more
caudad apex and abnormal magnetic resonance imaging find-
ings. T tests were used to test for differences with regard to aver-
age age and average Cobb angle between patients with normal
and abnormal findings. The level of alpha was set at 0.05.

Results
orty-six consecutive patients were reviewed. The female-
to-male ratio was 1.3:1, with twenty-six girls and twenty

boys. The mean age at the time of presentation was seven-
teen months (range, two to thirty-seven months). The mean
Cobb angle at the time of presentation was 40° (range, 20° to
90°). In thirty-three patients the apex of the curve was in the
thoracic spine (cephalad to the level between the eleventh
and twelfth thoracic vertebrae), whereas in thirteen the apex
was in the thoracolumbar-lumbar spine (at or caudad to the
twelfth thoracic level). Of the main thoracic curves, 52%
were right-sided (that is, the apex was to the right) and 48%
were left-sided.

Ten (21.7%) of the forty-six patients had abnormal find-
ings on magnetic resonance imaging. According to the Student
t test, there was no difference between the patients who had ab-
normal findings on magnetic resonance imaging and those
who had normal findings with regard to age (p = 0.95) or the
Cobb angle (p = 0.57). The average age for patients with nor-
mal findings on magnetic resonance imaging was 17.23 ± 10.45
months, compared with 17.56 ± 12.17 months for those with
abnormal findings (p < 0.95). With regard to the direction of
the curve, 26% of the right-sided curves were associated with
abnormal findings on magnetic resonance imaging compared
with 18% of the left-sided curves (odds ratio, 1.88; 95% confi-
dence interval, 0.40 to 8.82). Of the patients with abnormal
findings on magnetic resonance imaging, 17% were female and
28% were male (odds ratio, 0.52; 95% confidence interval, 0.12
to 2.30).

Of the ten patients with abnormal findings on magnetic
resonance imaging, five had an Arnold-Chiari Type-I malfor-
mation and an associated cervicothoracic syrinx, three had sy-
ringomyelia alone, one had a low-lying conus, and one had a
brainstem tumor. Eight of these ten patients needed neurosur-
gical intervention for treatment of the abnormality.

In the group of five patients with an Arnold-Chiari
Type-I malformation, the mean age at the time of presenta-
tion was twenty months (range, five to thirty-four months).
The mean Cobb angle at the time of presentation was 37°
(range, 20° to 54°). All five patients had a main thoracic curve;
three of the curves were right-sided and two were left-sided
(Figs. 1-A and 1-B). All five patients underwent an initial de-
compression of the posterior fossa. In four of the five patients,
the associated syrinx had to be surgically addressed either at
the time of decompression of the posterior fossa or at a later
time because of progression of the syrinx or the development
of neurological findings. Three of the five patients eventually
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Fig. 1-B

Magnetic resonance image, 

made at the age of three 

years, demonstrating an 

Arnold-Chiari Type-I malforma-

tion and syringomyelia.

Fig. 1-A

Serial radiographs, made between the ages of five months and three years, of a girl who presented with scoliosis and an otherwise 

normal history and examination, showing rapid progression of a right thoracic curve despite treatment with a brace.
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underwent spinal arthrodesis because of continued progres-
sion of the curve.

Of the three patients who had syringomyelia without
other abnormalities, one had a cervicothoracic syrinx and was
managed with observation only whereas the other two had a
large thoracic syrinx (involving the entire diameter of the
cord) and required surgical decompression and/or shunting.
The mean age at the time of presentation was ten months
(four, eleven, and fourteen months). The mean Cobb angle at
the time of presentation was 41° (28°, 34°, and 60°). In two of
the three patients, the scoliosis was successfully managed with
a brace. The third patient underwent spinal arthrodesis be-
cause of progression of the curve.

The patient with a low-lying conus presented at the age
of eighteen months with a right lumbar curve of 32°. The co-
nus, which ended at the third lumbar level, was detected with
use of magnetic resonance imaging. Normally, the conus lies
opposite or cephalad to the disc space between the first and sec-
ond lumbar vertebrae by one to two months after birth10-12. The
patient was successfully treated with a brace without curve pro-
gression and did not require neurosurgical intervention.

The patient with a brainstem tumor presented at the age
of thirty-four months with a left lumbar curve of 45°. A mass
in the medulla was noted on magnetic resonance imaging. A
diagnostic biopsy demonstrated a low-grade astrocytoma, and
treatment consisted of partial surgical resection of the tumor
followed by radiation therapy. The patient subsequently un-
derwent anterior-posterior spinal arthrodesis from the ninth
thoracic to the third lumbar level at the age of six years.

Discussion
he results of the present large multicentered study dem-
onstrated a 21.7% prevalence of neural axis abnormalities

in otherwise asymptomatic patients with infantile idiopathic
scoliosis. The high percentage of neural axis abnormalities in
our patients is noteworthy because eight of the ten patients
who had such abnormalities required neurosurgical interven-
tion, compared with 50% of juvenile patients with neural axis
abnormalities as reported in the literature1,8. Similarly, in the
study by Gupta et al.1, two of the three infantile patients with
neural axis abnormalities required neurosurgical intervention.
Two of those patients had a Chiari Type-I malformation asso-
ciated with a cervicothoracic syrinx, and the third patient had
diffuse dural ectasia. All three of those patients were being
treated with a brace for correction of the curve at the time of
the study. In the study by Lewonowski et al.8, both patients
with neural axis abnormalities required neurosurgical inter-
vention to treat a Chiari Type-I malformation and an associ-
ated syrinx.

An infant with a suspected spinal deformity should be
carefully examined for the presence of scoliosis as well as asso-
ciated abnormalities of the head, neck, pelvis, and hips. Once
the diagnosis of scoliosis is made, the differential diagnosis in
this age-group includes congenital scoliosis, scoliosis of neu-
romuscular origin, scoliosis secondary to intraspinal pathol-
ogy, scoliosis in association with a genetic syndrome (e.g.,

neurofibromatosis), and idiopathic scoliosis. The diagnosis of
idiopathic scoliosis is one of exclusion. A history should be
obtained with regard to birth weight and developmental mile-
stones. A complete physical examination, including a careful
neurologic examination, is imperative. For instance, the loss
of abdominal reflexes or an absent gag reflex is sometimes the
only clinical finding in a patient with scoliosis associated with
a syrinx or a Chiari malformation13-18. The presence of plagio-
cephaly or congenital abnormalities of the extremities should
be noted. Any associated condition warrants appropriate eval-
uation and treatment19.

Anteroposterior and lateral radiographs of the entire
spine should be made at the initial visit to evaluate the Cobb
angle and to rule out congenital vertebral anomalies. In addi-
tion, the lumbosacral junction and the hip joints should be vi-
sualized on the radiographs to rule out congenital anomalies
and developmental hip dysplasia19.

It is likely that a substantial number of infants, like ju-
venile patients, who are diagnosed with idiopathic scoliosis
have subtle neurological findings that should lead the treat-
ing physician to perform a further diagnostic workup1,8,19. In-
terestingly, the 21.7% prevalence of neural axis abnormalities
in the present study of patients with infantile idiopathic scoli-
osis mirrors the reported prevalence in studies of patients
with juvenile idiopathic scoliosis (range, 17.6% to 26%)1,8,9. In
addition, the percentage of infantile patients in the present
study who had neural axis abnormalities that required neuro-
surgical intervention is similar to that reported for the juve-
nile population1,3,9.

In the present study, which we believe to be the largest
multicenter study of patients with infantile idiopathic scoliosis
to date, there was no association between abnormal findings
on magnetic resonance images and gender, curve magnitude,
curve location, or curve direction. Unfortunately, these find-
ings do not help to identify a particular subset of patients who
are at risk. However, because of the 21.7% prevalence of ab-
normal findings on magnetic resonance images and the fact
that eight of the ten patients with abnormal findings required
neurosurgical intervention, we recommend that magnetic res-
onance imaging of the neural axis be performed at the time of
presentation for all patients with infantile scoliosis who have a
curve measuring ≥20°, even if the findings of a neurological
examination are normal. �

Matthew B. Dobbs, MD
Lawrence G. Lenke, MD
Keith H. Bridwell, MD
Department of Orthopaedic Surgery, St. Louis Children’s Hospital, Wash-
ington University School of Medicine, One Children’s Place, St. Louis, MO 
63110. E-mail address for M.B. Dobbs: mattdobbs@earthlink.net

Deborah A. Szymanski, RN
Shriners Hospital for Crippled Children, 2001 South Lindbergh Boule-
vard, St. Louis, MO 63131

Jose A. Morcuende, MD, PhD
Stuart L. Weinstein, MD

T





 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 84-A ·  NU M B ER 12 ·  DE CEM B ER 2002
PRE V ALENCE OF NEU R AL AX I S ABNOR MALIT I ES  IN 
PA TIENTS W IT H INFANT ILE IDIOP ATHIC SCO LIO S IS

Department of Orthopaedic Surgery, University of Iowa Hospitals and 
Clinics, 200 Hawkins Drive, Iowa City, IA 52242

Paul D. Sponseller, MD
Department of Orthopaedic Surgery, Johns Hopkins Hospital and 
School of Medicine, 601 North Caroline Street, #5253, Baltimore, 
MD 21287-0882

The authors did not receive grants or outside funding in support of their 
research or preparation of this manuscript. They did not receive pay-
ments or other benefits or a commitment or agreement to provide such 
benefits from a commercial entity. No commercial entity paid or 
directed, or agreed to pay or direct, any benefits to any research fund, 
foundation, educational institution, or other charitable or nonprofit 
organization with which the authors are affiliated or associated.

References

1. Gupta P, Lenke LG, Bridwell KH. Incidence of neural axis abnormalities in in-
fantile and juvenile patients with spinal deformity. Is a magnetic resonance 
image screening necessary? Spine. 1998;23:206-10.

2. Baker AS, Dove J. Progressive scoliosis as the first presenting sign of syrin-
gomyelia. Report of a case. J Bone Joint Surg Br. 1983;65:472-3.

3. Citron N, Edgar MA, Sheehy J, Thomas DG. Intramedullary spinal cord tu-
mours presenting as scoliosis. J Bone Joint Surg Br. 1984;66:513-7.

4. Emery E, Redondo A, Rey A. Syringomyelia and Arnold Chiari in scoliosis ini-
tially classified as idiopathic: experience with 25 patients. Eur Spine J. 1997;
6:158-62.

5. Diaz JH, Lockhart CH. Postoperative quadriplegia after spinal fusion for scoli-
osis with intraoperative awakening. Anesth Analg. 1987;66:1039-42.

6. Noordeen MH, Taylor BA, Edgar MA. Syringomyelia. A potential risk factor in 
scoliosis surgery. Spine. 1994;19:1406-9.

7. Peer S, Krismer M, Judmaier W, Kerber W. [The value of MRI in the preopera-
tive assessment of scoliosis]. Orthopäde. 1994;23:318-22. German.

8. Lewonowski K, King JD, Nelson MD. Routine use of magnetic resonance im-
aging in idiopathic scoliosis patients less than eleven years of age. Spine. 
1992;17(6 Suppl):S109-16.

9. Evans SC, Edgar MA, Hall-Craggs MA, Powell MP, Taylor BA, Noorden HH. 
MRI of ‘idiopathic’ juvenile scoliosis. A prospective study. J Bone Joint Surg 
Br. 1996;78:314-7.

10. Barson AJ. The vertebral level of termination of the spinal cord during normal 

and abnormal development. J Anat. 1970;106:489-97.

11. Wilson DA, Prince JR. John Caffey Award. MR imaging determination of the 
location of the normal conus medullaris throughout childhood. AJR Am J 
Roentgenol. 1989;152:1029-32.

12. Wolf S, Schneble F, Troger J. The conus medullaris: time of ascendence to 
normal level. Pediatr Radiol. 1992;22:590-2.

13. Muhonen MG, Menezes AH, Sawin PD, Weinstein SL. Scoliosis in pediatric 
Chiari malformations without myelodysplasia. J Neurosurg. 1992;77:69-77.

14. Charry O, Koop S, Winter R, Lonstein J, Denis F, Bailey W. Syringomyelia 
and scoliosis: a review of twenty-five pediatric patients. J Pediatr Orthop. 
1994;14:309-17.

15. Zadeh HG, Sakka S, Powell MP, Mehta MH. Absent superficial abdominal re-
flexes in children with scoliosis. An early indicator of syringomyelia. J Bone 
Joint Surg Br. 1995;77:762-77.

16. Yngve D. Abdominal reflexes. J Pediatr Orthop. 1997;17:105-8.

17. Maiocco B, Deeney VF, Coulon R, Warren FH. Idiopathic scoliosis and the 
presence of spinal cord abnormalities. Orthop Trans. 1993;17:478.

18. Schwend RM, Hennrikus W, Hall JE, Emans JB. Childhood scoliosis: clinical 
indications for magnetic resonance imaging. J Bone Joint Surg Am. 1995;
77:46-53.

19. Dobbs MB, Weinstein SL. Infantile and juvenile scoliosis. Orthop Clin North 
Am. 1999;30:331-41, vii.


	Washington University School of Medicine
	Digital Commons@Becker
	12-1-2002

	Prevalance of neural axis abnormalities in patients with infantile idiopathic scoliosis
	Matthew B. Dobbs
	Lawrence G. Lenke
	Deborah A. Szymanski
	Jose A. Morcuende
	Stuart L. Weinstein
	See next page for additional authors
	Recommended Citation
	Authors


	DOBBS.FM

