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the family and the product of a full term normal vaginal 
delivery. There was no swelling, tuft of hair or any other 
cutaneous stigmata over the lower back. He had scoliosis 
with convexity toward the left side. There was no weakness 
in either of the lower limbs. Bladder and bowel functions 
were not impaired.

Examination revealed absent lower ribs on the right side and 
hernia over the lower part of the right side of the chest cavity 
which appeared on coughing/crying [Figure 1a]. There was 
no swelling over the back in the midline in the lumbo-sacral 
region and his head size was appropriate for his age. Chest 
X-ray revealed absent right sided lower ribs with scoliosis. 
Non-contrast computed tomography spine confirmed the 
absence of ribs with D11 and D12 hemivertebra [Figure 1b] 
and showed a type 1 SCM at D11 to L3 level [Figure 2a] 
with widened spinal canal [Figure 2a]. At D11 there was a 
complete spur dividing the spinal canal into two equal parts 
and below this level there was a partial ”Y” shaped dorsal 
spur with its two limbs attached to the ventral surface of 
the posterior arch [Figure 2b]. Magnetic resonance imaging 
spine revealed spinal dysraphism in the dorsolumbar region 
with SCM type 1 with syrinx in both the hemicords [Figure 3] 
and the cord ending at L4 level, with a thickened filum 
terminale [Figure 3].

Introduction

Split cord malformation (SCM) is a rare congenital anomaly, 
in which the cord is split over a portion of its length to 
form double dural tubes (SCM type 1) or two hemicords 
in a single dural sheath (SCM type 2). Understanding the 
embryogenesis of SCMs has increased considerably in the 
recent years, especially after the proposal by Pang et al. and 
Pang of the unified theory on the embryogenesis of SCM.[1-3] 
Mahapatra and Gupta in 2005 reclassified SCM type 1 into 
three subtypes, type 1A, 1B and 1C.[4] The bony spurs seen 
in type 1 SCM are usually partial and are unequivocally 
found attached to the dorsal surface of the vertebral body. 
We present here a unique case of SCM where the bony spur 
was attached to the ventral aspect of the posterior arch and 
there were three different types of spurs (Type 1A, 1B and 
1C) in the same patient.

Case Report

A 16-month-old boy presented to us with a hernia over the 
lower part of right chest cavity. He was the second child in 
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The child was operated and a D11 to L5 laminectomy was 
done. The D11 and D12 vertebra were hemivertebra with 
absent lower ribs on the right side. Intraoperatively there 
was type 1 split with two hemicords in separate dural 
sheaths. Interestingly, there were three spurs separating the 
two hemicords. There was a type 1B (as per the classification 

given by Mahapatra and Gupta) at D11 level, type 1A split at 
L1 level and type 1C at L3 level. All the spurs were excised 
microsurgically using high speed drill and smallest diamond 
burr and both the dural envelopes were opened and sutured 
into one sheath. The filum was thickened (1.8 cm) and a portion 
of filum was excised to prevent traction on the conus. As there 
was extensive handling of the spinal cord and the conus, the 
patient was given injection Methylprednisolone intravenously 
intraoperatively and continued for 48 hours after surgery. 
Patient had an uneventful recovery with no new deficit.

Discussion

The SCM is a rare congenital anomaly, only few large series are 
reported. SCM was first described by Ollivier, in 1837, which he 
termed as diastematomyelia.[5] He used this term to describe an 
abnormality of the spinal cord in which the dura is separated 
by a bone spur or rigid fibrous bands to create two sleeves, 
each containing a portion of spinal cord divided sagittaly into 
two parts. Bruce et al. used the term diastematomyelia to 
describe a spinal cord split by a midline bony spur, reserving 
the term “diplomyelia” for a true doubling of the spinal 
cord, without a spur.[6] Feller and Stenberg first implicated a 
notochordal cleft caused by persistence of a midline cell rest 
as the cause of diastematomyelia.[7]

Several authors have proposed theories to explain the 
genesis of SCM. Gardner had proposed the hydromyelic theory, 
advocating rupture of an intact neural tube by cerebrospinal 
fluid as the cause of spina bifida defects.[8] Primary mesodermal 
abnormality theory was advocated by Lichtenstein.[9] Hendrick 
insisted on the accessory neurenteric canal hypothesis.[10]

Initially, diplomyelia and diastematomyelia were thought 
to two different entities. Diplomyelia was thought to be a 
true duplication of the spinal cord at certain segments and 
diastematomyelia was thought to be caused by the bony spur, 

Figure 3: (a) Sagittal section of magnetic resonance imaging (MRI) showing the cord ending at L4, (b) Coronal section of MRI showing split at 
3 levels, (c) Axial sections of MRI showing type 1 SCM with syrinx in both the hemicords

Figure 1: (a) Hernia over the lower part of right side of chest cavity, 
(b) Non‑contrast computed tomography spine showing the absent lower 
ribs with D11 and D12 hemi vertebra with scoliosis

ba

Figure 2: (a) Sagittal section of non‑contrast computed tomography 
(CT) spine showing enlarged spinal canal, (b) Axial section of 
non‑contrast CT spine showing a Y shaped dorsal spur attached to 
ventral surface of posterior arch
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cba
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which suggested that it resulted from mesodermal invasion of 
the neural tube.[11-13] This was effectively disproved by Pang et al. 
and Pang, who proposed a unified theory of embryogenesis and 
advocated a new classification recommending the term “SCM” 
for all double spinal cords.[1,3] The unified theory proposes 
that all SCMs originate from one basic ontogenetic error 
occurring around the time when the primitive neurenteric 
canal closes. This basic error leads to the formation of an 
“accessory neurenteric canal” through the midline embryonic 
disc that maintains communication between yolk sac and 
amnion and enables continued contact between ectoderm 
and endoderm within the canal. Depending on the timing of 
the formation of the endomesenchymal tract and subsequent 
mesenchymal infiltration, the neural tube may split into two 
separate components with an intervening fibrocartilaginous 
or bony septum (diastematomyelia), or remain a single dural 
tube with a split cord by fibrous tissues (diplomyelia). This 
would also explain the presence of commonly associated 
spinal abnormalities such as dermal sinus tracts, spinal 
lipomas, dermoids, neurenteric cysts and even a meningocele 
or myelomeningocele as these abnormalities can arise from 
various ectodermal or endodermal remnants.

Pang et al. and Pang divided SCM into two classes.[1,3] A type 1 
SCM consists of two hemicords, each contained within its 
own dural tube and separated by a dura-sheathed rigid 
osseocartilaginous median septum. A type 2 SCM consists of 
two hemicords housed in a single dural tube separated by a 
non-rigid, fibrous median septum.

Mahapatra and Gupta in 2005, based on their intraoperative 
findings regarding the level of the spur and its relation to the 
split cord, proposed subclassification of the existing Pang’s split 
cord type 1 into 4 subtypes (a-d); 1a, a bone spur in the center 
with an equally duplicated cord above and below the spur; 1b, a 
bone spur at the superior pole of the split with no space above 
it and a large duplicated cord lower down; 1c, a bone spur of the 
lower pole with a large duplicated cord above; and 1d, a bone spur 
straddling the bifurcation with no space above or below the spur.[4]

Various combinations of type 1 and type 2 SCM, and multiple 
type 1 SCM in the same patient have been reported in 
literature.[14-16] However until date no single case is described 
with three different types of bony spur in a single patient. Our 
patient is unique in being having type 1a, 1b and 1c spurs in 
one split (D11-L3). Khandelwal et al. described a patient with 
SCM type 1a at D7-8 and SCM type 1c at L2-3, but these spurs 
were located at different locations, unlike our case where the 
spurs were adjacent to each other and at the same split.[17]

Another unique feature of our case was the presence of a 
“Y” shaped dorsal spur, in which two limbs attached to the 
ventral surface of posterior arch. The presence of bony spurs 
seen in type 1 SCM are usually partial and unequivocally are 
found attached to the dorsal surface of the vertebral body. 

Few cases of dorsal spur have been reported in literature.[18,19] 
Chandra et al. tried to explain this unusual finding by two 
hypotheses: (1) Passage of an abnormal cell population dorsally 
and subsequently loss of contact with ventrally situated cell 
population; (2) migration of cells first around the hemicords 
and then passing between them in a dorsoventral direction. 
In both cases, the presence of a larger cell population close to 
the dorsal arch conveniently explains the hypertrophied dorsal 
arch and the bony spur attached to the former.

Right sided lower ribs were absent in our patient. Reported 
prevalence of rib abnormalities is 10.23% in a large series 
reported by the senior author.[4] Hemivertebrae were seen in 
5.9% of patients in the same series.

Conclusion

Even though SCM is rare, we have collected a large series. The 
present case is unique in many respects. Our patient had three 
types (Type 1a, 1b and 1c split) at three different levels. The 
lowest level septum was a posterior spur. There was syrinx in 
both the hemicords (right being large than left). There were 
many associated anomalies seen in our patient including D11 
and D12 hemivertebra with absent right sided lower ribs.
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