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SUMMARY

Early onset scoliosis includes infantile idiopathic scoliosis, juvenile idiopathic scoliosis, and congenital 
scoliosis. The types of early onset scoliosis are neuromuscular scoliosis, syndromic scoliosis, and 
thoracic insufficiency syndrome. Spinal deformities in the growing spine may be observed alongside 
abnormalities of other organ systems, with neural axis abnormalities being one of the most common. 
The gold standard in the diagnosis of intraspinal abnormalities is MRI evaluation, and doctors dealing 
with scoliosis treatment should be cautious about the signs of asymptomatic neural axis abnormalities, 
in order to avoid the development of neurological deficit.
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ÖZET

Erken başlangıçlı skolyoz infantil idiopatik skolyoz, juvenil idiopatik skolyoz ve konjenital skolyozu 
kapsar. Nöromusküler skolyoz, sendromik skolyoz ve torasik yetersizlik sendromu da erken başlangıçlı 
skolyoz tipleridir. Büyüyen bir omurgada spinal deformiteler sıklıkla nöral aks anomalileri olmakla 
beraber diğer organ anomalileri ile birliktelik gösterebilirler. MR görüntülemenin intraspinal anomali 
değerlendirmesinde altın standart olmasına rağmen, skolyoz tedavisi ile ilgilenen bir hekimin 
asemptomatik nöral aks anomalileri belirtileri hakkında bilgi sahibi olması gerekir.

Anahtar Kelimeler: Nöral aks deformiteleri, siringomiyeli, erken başlangıçlı skolyoz, MRI

Kanıt Düzeyi: Derleme, Düzey V

NEURAL AXIS ABNORMALITIES IN EARLY ONSET 
SCOLIOSIS

ERKEN BAŞLANGIÇLI SKOLYOZDA NÖRAL AKS DEFORMİTELERİ
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INTRODUCTION:
Early onset scoliosis is defined by the SRS as curvature 
of the spine in the lateral plane diagnosed before the age 
of 10. Infantile idiopathic scoliosis, juvenile idiopathic 
scoliosis, and congenital scoliosis are included within this 
definition. Neuromuscular scoliosis, syndromic scoliosis, 
and thoracic insufficiency syndrome are types of early 
onset scoliosis9.

Spinal deformities in the growing spine may be observed 
alongside abnormalities of other organ systems, with 
neural axis abnormalities one of the most common 
abnormalities seen11,18,24. Neural axis abnormalities 
that are seen together with spinal deformities 
include Arnold-Chiari malformation, syringomyelia, 
hydromyelia, low-lying conus, tethered cord, tonsillary 
ectopia, and tumors. These abnormalities can be both 
symptomatic and asymptomatic. Doctors dealing with 
scoliosis treatment should be cautious about the signs 
of asymptomatic neural axis abnormalities18, otherwise 
they may be faced with the risk of neurological deficit 
development,especially during scoliosis correction. 
In scoliosis patients, a neurological examination that 
involves motor, sensory, and reflex evaluations of the 
upper and lower extremities should be performed in 
detail. Hypertrophic reflexes, a unilateral superficial 
abdominal reflex, muscle atrophies, motor weakness, and 
sensory loss may be signs of neural axis abnormality. The 
risk of intraspinal abnormalities were found to be higher 
in patients with curves that were atypical and over 20°, 
that had rapid progression, and in the presence of lower 
back pain21,30.

The gold standard in the diagnosis of intraspinal 
abnormalities is MRI evaluation. All the rates reported 
in the literature are the results of diagnostic studies 
performed using MRI2,18,24. 

INFANTILE AND JUVENILE IDIOPATHIC 
SCOLIOSIS:

The rate of encountering neural axis abnormalities in 
patients with infantile or juvenile idiopathic scoliosis 
with curves greater than 20° has been reported to be 
approximately 20%.

Although MRI evaluation of all idiopathic scoliosis 
patients is controversial, it is recommended that an 

MRI is taken in the presence of early onset (infantile 
and juvenile) scoliosis, male gender, an abnormal sagittal 
spine profile, atypical curve shapes (curves to the left), 
associated abnormalities or lower extremity deformities, 
rapid progression, and pain6,11,18,24,30.

Wu et al. studied 64 patients diagnosed with idiopathic 
left-sided thoracic scoliosis and found neural axis 
abnormalities in 54% 33. The neural axis abnormalities 
detected by MRI in patients previously diagnosed with 
idiopathic scoliosis were syringomyelia, Arnold-Chiari 
malformation, tonsillary ectopia, hydromyelia, spinal 
cord tumors, tethered spinal cord, diastematomyelia, 
and intraspinal lipoma. A study in England showed that 
among 72 patients under the age of 7 with idiopathic 
scoliosis, the rate of encountering neural axis abnormalities 
(syrinx and Arnold-Chiari type 1) was 11%19. Pahys et al. 
took MRI scans of 54 patients with infantile idiopathic 
scoliosis and normal neurological examinations and 
detected neurological axis abnormalities in seven patients 
(13%). Neurosurgical intervention was necessary in five 
patients (three cases of tethered cords and two Chiari 
malformations)24.

In a study by Gupta et al., the incidence of neurological 
axis abnormalities in cases with infantile and juvenile 
spinal deformities was 17.6% 15. Nakahara reported 
that the incidence of neurological axis abnormalities 
in idiopathic scoliosis for patients diagnosed before or 
after the age of 11 was 13.2% and 2.6%, respectively, and 
they were reported to be more common in King type 4 
and 5 curves22. Inoue et al. performed MRI evaluation 
of 250 idiopathic scoliosis cases and found neural axis 
abnormalities in 44 patients. Neurological examinations 
were abnormal for 26 of these patients. The abnormalities 
detected were Chiari malformation together with 
syringomyelia in 22 patients, syringomyelia and tonsillar 
ectopia in two patients, Chiari malformation in 13 
patients, tonsillar ectopia in six patients, and low-lying 
conus medullaris in one patient 18.

There have been theories stating that Chiari 
malformation together with syringomyelia may result in 
scoliosis by causing muscle imbalance. However, studies 
by Eule and Flynn have stated that decompression of 
Chiari malformations may lead to an increase in spinal 
deformity12,13.
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Intraspinal abnormalities detected in patientswith 
idiopathic scoliosis should be evaluated with a 
multidisciplinary approach. Our approach to 
abnormalities that require surgical treatment is to 
simultaneously perform treatment of neural axis 
abnormalities and scoliosis correction. This eliminates 
the need for a second operation. Various studies have 
supported the suggestion that this method can be 
used safely and effectively23,28. In their experience with 
concurrent tethered cord release and correction of 
scoliosis and kyphosis with spinal fusion, Mehta et al. 
observed that a single-stage approach was safe, with no 
significant operative or postoperative morbidity. When 
compared with a two-stage approach carried out by 
the same operating team, the concurrent approach was 
associated with less blood loss, shorter operative time, a 
shorter hospital stay, better deformity and tethered cord 
correction, and fewer perioperative complications20.

The use of intraoperative neuromonitoring is necessary 
to decrease surgical risks. Spinal cord monitoring is able 
to accurately detect significant deviations in patients 
with neural axis abnormalities10.

CONGENITAL SCOLIOSIS:
The rate of intraspinal abnormalities in congenital 
scoliosis cases is 30–40%. This high rate results from 
the close proximity of the vertebral column to the spinal 
cord and organs developing from the mesoderm during 
embryonic development. Growth and increase of the 
curvature may result in progressive neurological deficits 
in these patients. The risk of neurological injury during 
surgical correction of congenital scoliosis is also much 
higher than for idiopathic cases.

Positive physical examination findings may be seen 
in approximately half of the cases with abnormalities. 
Therefore, MRI evaluation of the whole vertebral 
column must be performed routinely for all congenital 
scoliosis patients11,17,29.

The most common intraspinal abnormalities seen in 
congenital spinal deformities are tethered cord lesions 
and diastematomyelia. The next most common lesions 
are syringomyelia, thickened filum terminale, low-lying 
conus, intra- and extradural masses, Chiari malformation, 
arachnoid cyst, and Dandy Walker malformation11,25,29.

Physical examination findings, such as hairy patches 
or pigmentation over the spine, bladder symptoms, 
foot deformities, an asymmetrical abdominal reflex, or 
abnormal posterior column sensitivity are warning signs 
for an intraspinal abnormality11. In a study by Shen et 
al., 43% of 226 patients with scoliosis had intraspinal 
abnormalities. The most commonly seen abnormality was 
diastematomyelia. The rates of encountering intraspinal 
abnormalities were found to be higher in segmentation 
defects and mixed defects compared to formation 
defects, and in thoracic hemivertebra cases compared to 
lumbar hemivertebra cases. A clinical sign was present in 
51% of cases with intraspinal abnormalities29. In a study 
by Suh et al., 13 of 41 congenital scoliosis patients were 
detected to have intraspinal abnormalities, with tethered 
cord as the most common pathology. There were no 
clinical signs in 31% of patients30.

Belmont et al. evaluated 160 congenital scoliosis 
patients with MRI and found similar rates of intraspinal 
abnormalities in isolated hemivertebra and complex 
deformities (28% and 21%). The authors reported 
that patient history and clinical examination were not 
predictive, and all patients, even those with an isolated 
hemivertebra, should be evaluated by MRI4.

The approach classically advocated for such patients is 
first to perform surgery for intraspinal pathologies, and 
then to perform surgery for correction and stabilization 
of the deformity 3–6 months later. In our opinion, the 
second session of surgical treatment has some associated 
disadvantages, related to the patient’s general medical 
condition and the site of surgery.

Simultaneous surgical treatment for the congenital 
deformity and the intraspinal abnormality does not 
involve significant complications and seems to be an 
alternative and a safe treatment option16. Oda et al. lists 
the advantages of simultaneous surgery as including a 
single anesthetic exposure and single hospitalization, 
no surgical dissection through an area of the spine 
traumatized by a previous laminectomy, improved 
resource utilization and lower cost, and patient comfort 
and convenience23.
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NEUROMUSCULAR SCOLIOSIS:
Loss of muscle power or voluntary control, or sensory 
deficits such as deep sensation, may result from the 
development of a deformity in the growing spine. The 
causes of neuromuscular scoliosis may be classified into 
two groups: neuropathic and myopathic. Numerous 
disorders in which the neural axis is primarily involved 
may lead to early onset scoliosis. Traumatic spinal cord 
injuries, tethered cord syndrome, syringomyelia, and 
spinal cord tumors are among the intraspinal anomalies 
that result in scoliosis.

The incidence of scoliosis rises to 100% for spinal cord 
injuries that have occurred before maturation of the 
skeletal system3,11,32.

Scoliosis that occurs in myelomeningocele patients is 
also assessed in this group. In studies by Trivedi et al., 
structural curves over 20° were found at a rate of 52%31. 
It is crucial to determine the underlying pathology as 
a priority, and then structure the management plan 
together with scoliosis treatment5. Although the use of 
intraoperative neuromonitoring is possible in these cases, 
it should be remembered that reliable results may not 
always be obtained. According to Dicindio et al., both 
transcranial electric motor and posterior tibial nerve 
somatosensory evoked potentials can be monitored 
reliably in most patients with neuromuscular scoliosis8.

Accadbled et al. advocated that the use of a single epidural 
electrode allowing alternate recording of somatosensory 
evoked potentials and spinal cord stimulation was a safe 
and valid method for intraoperative monitoring1.

SYNDROMIC SCOLIOSIS:
Children with neurofibromatosis type 1 who develop 
scoliosis may be diagnosed with either dystrophic 
(degenerative) or non-dystrophic forms of the condition. 
Non-dystrophic scoliosis resembles idiopathic adolescent 
scoliosis, with similar types of curvature and curve 
patterns. Dystrophic neurofibromatosis may result in 
short and sharp spinal curves with early onset and rapid 
progression, eventually culminating in severe deformity. 
Dystrophic curves may occur together with kyphosis and 
high rates of neurological injury.

Due to the poor quality of the bone, the characteristics 
of dystrophic scoliosis also include a number of bone 
abnormalities, including thinning of the ribs, significant 
rotation of the vertebrae, vertebral wedging, and erosion 
of the vertebrae by the spinal fluid. Meningocele, 
pseudomeningocele, dural ectasia, dumbbell lesions 
and intraspinal tumors may be seen in patients with 
neurofibromatosis7,11,14,27,32.

In Marfan’s syndrome, intraspinal abnormalities may be 
observed together with scoliosis. In a study by Robins, 
35 of 64 patients with Marfan’s syndrome had scoliosis, 
and scoliosis had begun in the infantile and juvenile 
age periods for 44% of these patients27. Pyerits et al. 
found widening of the lumbosacral spinal canal in 63% 
of 57 patients with Marfan’s syndrome26. Dural ectasia 
develops as a result of fibrillin deficiency in Marfan’s 
syndrome. It is known that the laminae are thinned in 
areas of dural ectasia, and so the use of hooks must be 
avoided. This is seen frequently at the most caudal part of 
the lumbosacral spinal column. A widened interpedicular 
distance, increased vertebral scalloping, and an increased 
sagittal diameter can indicate dural ectasia in patients 
with Marfan’s syndrome. The clinical findings of this 
condition may manifest as lumbar pain or headache. In 
symptomatic dural ectasia, posterior laminectomy has 
sometimes been implemented as a means of relieving 
the back pain11.
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