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and deep tendon hyperreflexia in both legs. There were no 
pathologic reflexes. The initial neurologic evaluation revealed 
sensory numbness below the level of the C-7 dermatome. An 
urodynamic study, somatosensory evoked potentials, and elec-
tromyograhic evaluation showed no abnormalities. 

Neuroimaging findings and treatment
The radiologic examination revealed mild scoliosis of the 

thoracic spine, hemi-vertebrae at T6 level, and butterfly verte-
bral bodies at T11 level. Spina bifida was also present. The ad-
mission cervicothoracic MRI showed that the spinal cord was 
divided into two segments from the level of C-7 to T-11, and 
there was development the subcutaneous fat within the bifid 
spine. No fibrous septum was demonstrated on MR imaging.  
On lumbosacral MRI, the conus was shown to be low-lying, 
ending at the L5 level (Fig. 1). CT myelography showed that 
dye was leaked incidentally into the epidural and intradural 
spaces. A fibrous septum divided the spinal cord and extended 
to the epidural space and attached to the ventral cortex of the 
lamina at T9 level (Fig. 2). 

The patient underwent surgery to prevent progression of the 
neurologic damage resulting from tethering of the spinal cord. 
A laminectomy was performed from the level of T-8 to T-11. 

INTRODUCTION

Split cord malformations (SCMs) are rare congenital anoma-
lies in which the cord is split over a portion of its length to form 
a double neural tube in a single dural sac2,5,16,20). 

SCMs associated with a split of the spinal column, spinal bony 
spurs, myeloceles, myelomeningoceles, lipomas, and dermal si-
nuses have been reported in the literature10,12,13,22). 

SCMs and other associated anomalies are rare within the 
general population. It is more uncommon for the initial clinical 
presentations to occur in adulthood4). 

We report a rare case of cervicothoracic SCM with spina bifi-
da and tethered cord syndrome due to the thickened filum ter-
minale in adult and discuss the anatomical and embryological 
relationship of the level of the fibrous septum and duplicated 
level of the spinal cord. 

CASE REPORT

History and examination
A 34-year-old woman was admitted with neck pain, back pain, 

and recurrent bilateral leg weakness of 2 months duration. On 
physical examination, there was a paresis with 4/5 muscle strength 

Split Cord Malformation Combined with Tethered Cord 
Syndrome in an Adult

Young Deok Kim, M.D., Ji Hoon Sung, M.D., Jae Taek Hong, M.D., Ph.D. Sang Won Lee, M.D.

Department of Neurosurgery, St. Vincent’s Hospital, College of Medicine, The Catholic University of Korea, Suwon, Korea

Split cord malformations (SCMs) usually present in childhood, and are rarely reported in adults. And also, a cervicothoracic SCM associated with 
tethered cord syndrome has very rarely been reported in the literature. We report a case of SCM associated with tethered cord and spina bifida in 
an adult. This report describes the case of a 34-year-old woman who presented for evaluation of neck pain, back pain, and intermittent paraparesis 
of several months duration. The MRI and CT showed a SCM at the cervicothoracic level and a fibrous septum at the thoracic level. She underwent 
surgery for the SCM and tethered cord syndrome, and was followed for 7 years. Patient presented complete recovery in the follow-up. The authors 
discuss this unusual lesion and describe the anatomical relationship of the level of cord duplication and fibrous septum.

Key Words : Split cord malformation · Adult · Tethered cord syndrome.

Case Report

• Received : January 4, 2013  • Revised : May 24, 2013  • Accepted : October 18, 2013
• Address for reprints : Jae Taek Hong, M.D.
 Department of Neurosurgery, St. Vincent’s Hospital, College of Medicine, The Catholic University of Korea, 93 Jungbu-daero, Paldal-gu, Suwon 442-723, Korea
 Tel : +82-31- 249-8171,  Fax : +82-31-245-5208,  E-mail : jatagi15@gmail.com
• This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)   
 which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

J Korean Neurosurg Soc 54 : 363-365, 2013

http://dx.doi.org/10.3340/jkns.2013.54.4.363

Copyright © 2013 The Korean Neurosurgical Society  

Print ISSN 2005-3711  On-line ISSN 1598-7876www.jkns.or.kr



364

J Korean Neurosurg Soc 54 | October 2013

Afterwards, a L5 and S1 laminectomy was performed to re-
lease the tethered cord syndrome by the thickened filum termi-
nale21). The nerve roots appeared slightly adherent to the dura 
at the L-5 level, and resection of the thickened filum was made 
because the cord was tethered at the level of the lesion (Fig. 4). 
The patient had an uneventful postsurgical recovery. 

Postoperative course
At the 7-year follow-up examination, the patient had a nor-

mal neurologic examination, with no complaints of episodic 
paraparesis or back pain. 

DISCUSSION

SCM is a rare spinal anomaly that refers to a longitudinal di-
vision of the spinal cord into two divided hemi-cords6,11). This 
malformation has been reported to be associated with a split of 
the spinal column, spinal bony spurs, myeloceles, myelomenin-
goceles, lipomas, and dermal sinus15,16). 

SCMs are often located in the lumbar and thoracolumbar re-
gions. Sinha et al. reported the incidence rates for cervical and 
cervicothoracic locations as 3% and 1%, respectively21).   

Symptoms related to congenital anomalies occur most com-
monly in childhood, so SCMs were initially regarded as a pedi-
atric problem; but in many patients the diagnosis is not estab-
lished until symptoms manifest in adulthood1,9,18,19).

The T-9 and T-10 spines were bifid and abnormal fat tissue was 
infiltrated between the bisected spinous process. Surgery re-
vealed a symmetric duplication of the spinal cord above the level 
of T-10, which was encompassed by a single dural sac, and the 
fibrous septum was recognized between the divided hemi-cord 
at the T-9 level, 10 mm above the cord reunion site (T-10). The 
fibrous septum splits and tethers spinal cord. The tethered spinal 
cord was released by resection of the fibrous septum (Fig. 3). 

Fig. 2. Axial CT myelography shows the presence of fibrous septum 
which extends to the epidural space and is attached into the lamina.

Fig. 3. Intra-operative image shows a fibrous septum (arrow) splits and 
tethers spinal cord (A). Location of fibrous septum is far above the level 
of the spinal cord duplication (B).

Fig. 4. Black arrow indicates the thickened filum terminale before unte-
thering (A). Location of filum terminale ascends just after untethering 
procedure (B).
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Fig. 1. A : Plain radiograph of thoracic spine reveals scoliosis at the cer-
vicothoracic junction, hemi-vertebrae (arrowhead), and spina bifida 
(white arrow). B : Coronal section MR image shows the evidence of 
clefting of the cervicothoracic spinal cord and vertebral dysgenesis. C : 
Axial T2-weighted image shows the spinal cord is split into two hemi-
cords within the single dural sac at the thoracic level. Common midline 
arachnoid space is identified between the two hemi-cords. Abnormal fat 
tissue accumulation is noted between the bifid spinous processes (ar-
row). D : Sagittal T2-weighted MR image shows the low-lying conus 
medullaris tethered posteriorly in the spinal canal.
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apeutic plan for patients with SCM. Although it is rare, careful 
preoperative examination and refined microsurgery may pro-
vide good outcome for the patient
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Embryologically, the spinal cord is formed by the integration 
of two paramedian notochords along the midline17). When this 
integration is defective, a SCM can develop. 

SCMs are classified as one of two types, according to the uni-
fied theory : in type I SCM, the hemi-cords are always invested 
with individual dural sacs and the medial walls of the sacs al-
ways ensheath a rigid (bony or cartilaginous) midline spur; and 
in type II SCM the hemi-cords are always within a single dural 
sac and the midline septum is always composed of non-rigid fi-
brous or fibrovascular tissues16,17). Based on this classification, 
our case can be classified as type II because the spinal cord was 
divided by a fibrous septum at the level of T-9.

An interesting finding of this case was the relationship be-
tween the anatomic location of the fibrous septum and the level 
of duplication of the SCM. Embryologically, SCM is caused by 
a primary neurulation defect. According to the unified theory 
of embryogenesis proposed by Pang et al.17), an abnormal com-
munication (endomesenchymal tract) between the ectoderm 
and endoderm causes regional splitting of the notochord, and 
each separated notochord induces the surrounding paraxial me-
soderm and subsequent dysgenesis of the spinal cord. Thus, the 
level of the fibrous septum and duplicated level of the spinal 
cord should be similar. However, the fibrous septum was located 
farther above the level of the spinal cord duplication in this case. 
It might be because this case was associated with a thickened fi-
lum terminale. A low-lying conus and thick filum terminale are 
related to abnormal retrogressive differentiation of the second-
ary neural tube with failure of terminal cord involution7,17). The 
thickened filum terminale fixed conus and relative ascent of the 
spinal cord was not complete. This embryologic background 
could be the basis for the fibrous septum located proximal to 
the level of the spinal cord duplication in this case. And also, 
anatomical location of the fibrous septum and level of cord du-
plication of this case could delineate the sequence of spinal cord 
development.

This anatomic relationship might be helpful to identify the fi-
brous septum to detether type II SCM patients associated with 
thick filum terminale. Associated skeletal dysgenesis such as 
spina bifida, hemi-vertebrae, or a laminar defect might also be 
helpful to decide the level of detethering surgery.

An awareness of the presence of associated congenital anom-
alies is surgically important to improve postoperative outcomes 
and to determine surgical priorities3,8,22) For example, if the 
SCM is accompanied by a thickened filum terminale, the sep-
tum should first be excised to release the cord. Otherwise, the 
abruptly released cord will suddenly be pulled upwards, result-
ing in spinal cord injury below the level of the SCM14). 

CONCLUSION

Unlike pediatric patients, adult-onset SCM may present with-
out neurocutaneous or overt skeletal abnormalities. A thorough 
evaluation of associated anomalies is mandatory to make a ther-


