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children 

Abstract. Magnetic resonance (MR) imaging of  the spine 
was performed as the initial imaging technique in 20 chil- 
dren when spinal dysraphism was suspected clinically and 
plain radiographs showed spina bifida. The correlation 
with surgical findings indicated that  M R  provided accu- 
rate information preoperatively in all the cases. Some 
unusual observations in cases with spina bifida cystica 
and occulta are discussed. I t  is concluded that  plain ra- 
diograph and M R  complete the preoperative radiologic 
evaluation of cases with spinal dysraphism. 
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Spinal dysraphism designates the group of  congenital ab- 
normalities of  tlhe spine that involve, in part,  imperfect 
fusion of midline mesenchymal,  bony, and neural struc- 
tures [13, 18]. The radiographic evaluation of pediatric 
spina bifida traditionally includes plain radiographs,  
myelography,  and computed tomography  (CT) [8, 13, 
18]. These modalities are, however, associated with the 
risk of  intrathecal contrast  material  and radiation expo- 
sure, and they require general anaesthesia in mos t  pa- 
tients [1, 2, 16]. Clinical experience with magnetic reso- 
nance (MR) in the diagnosis of  spinal disorders is now 
well established [1-3,  6, 7, 10, 16]. Recently, M R  has 
been prescribed as the initial diagnostic tool in the evalu- 
ation of  spinal dysraphism due to its ability to per form 
multiplaner imaging and characterize the intraspinal con- 
tents without bony artefacts [1, 3, 10, 16]. 

The aim of  tlhis communicat ion is to report  some un- 
usual and diverse M R  findings of  spinal dysraphism in 
children. 

Patients and methods 

Twenty children, ranging in age from 15 days to 14 years, with 
dysraphism were evaluated with MR. These children were referred 
for MR in order to evaluate spinal cord symptoms caused by the 
dysraphic condition. A plain radiograph of the spine was done in all 
cases prior to MR examination. Myelography and metrizamide CT 
were not performed because of their reported hazards and compar- 
atively inferior resolution [1, 10, 16]. MR examinations were corre- 
lated with surgical findings in all cases. 

MR was performed with a 1.5-T super-conducting MR scanner 
(Magnetom, Siemens). The spin-echo technique was used with an 
echo time (TE) of 28 ms and repetition time (TR) ranging from 500 
to 700 ms, to obtain TI weighted images. The slice thickness was 
5 mm with no interslice interval. The images were obtained in sagit- 
tal, coronal, and axial planes on a 256 x 512 matrix. The upper 
cervical spine in sagittal plane was routinely studied in all these 
cases to look for the position and shape of the cerebellar tonsils and 
brain stem. When T2 weighted images were required, a double echo 
pulse sequence with a TE of 28 and 84 ms and a TR of 2800 ms was 
used. In patients younger than 5 years of age, routine sedation with 
oral chloral hydrate syrup, 50 mg/kg body weight, was given 30 min 
prior to the scan. 

Results 

The M R  findings of  the 20 patients are summarized in 
Table 1. M R  examination in these cases included five 
cases of  spina bifida cystica (SBC). Of  the five children 
with SBC, three had cervical meningocele and two had 
lumbar  meningocele. In all three cases with cervical 
meningocele, the spinal cord was tethered posteriorly by 
a thick band, biopsy material  f rom this revealed fibrous 
tissue (Fig. 1). One case had Chiari I anomaly  and anoth- 
er showed Chiari II  anomaly  with syringohydromyelia  
extending f rom the 2nd cervical to the 8th dorsal verte- 
brae. Of  the two children with lumbar  meningocele, one 
showed localized syrinx involving the 11 th dorsal to the 
1 st lumbar  vertebrae with a small septum partially divid- 
ing the cavity (Fig. 2). Tethered cord was seen in both the 
cases of  lumbar  meningocele. 
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Table 1. Summary of cases 

Spinal dysraphism Associated abnormalities 

Menin- Syringohy- Band Chiari mal- Lipomyelo- Diastem- Lipomas Low conus b 
gocele dromyelia (fibrous) formation schisis atomyelia" (tethered cord) 

Spina bifida cystica (n = 5) 
Cervical (n = 3) 3 1 3 
Lumbar (n = 2) 2 1 - 

Spina bifida occulta (n = 15) 
Dorsal (n = 2) - 1 - 
Dorsolumbar (n = 1) - 3 - 
Lumbar (n = 12) - 1 1 

2 . . . .  
- - - 2 

1 1 1 - 

7 7 5 2 

Total 20 5 7 4 2 8 8 6 4 

a Three cases with diastematomyelia had syringohydromyelia near the superior end of the split cord 
b Five cases with diastematomyelia and all the cases with lipomyeloschisis also had low conus 

Spina bifida occulta ( SBO ) 

M R  correc t ly  ident i f ied  a b n o r m a l  spinal  co rd  m o r p h o l -  
ogy in all the 15 cases. Sp ina  b i f ida  involv ing  the l u m b a r  
spine was seen in the m a j o r i t y  (n -- 12), fo l lowed by  dor -  
sal (n = 2) and  d o r s o l u m b a r  spine (n = 1). 

Tethered cord 

The spinal  co rd  was cons ide red  t e the red  when  i l ium ter-  
mina le  was m o r e  than  1.5 m m  th ick  a n d / o r  the conus  was 
lower  than  the 2nd l u m b a r  ve r tebra l  b o d y  [9]. P r i m a r y  
te thered  co rd  was seen in two cases wi th  l u m b a r  sp ina  
bif ida .  

Diastematomyelia 

D i a s t e m a t o m y e l i a  was d i agnosed  when  a spli t  co rd  with  
dura l  p e n e t r a t i o n  by  a bony ,  ca r t i l agenous  or  f ib rous  
spur  or  mere ly  a spli t  co rd  with  in tac t  du ra l  sleeves was 
seen [8]. There  were eight  cases wi th  d i a s t e m a t o m y e l i a .  
The  b o n y  sep tum was seen in three,  f ib rous  s ep tum in 
three,  and  spl i t t ing  o f  co rd  w i thou t  s ep tum in the r emain -  
ing two. The  b o n y  sep tum was ident i f ied  as a con t inua -  
t ion  o f  bone  m a r r o w  in tens i ty  wi th  edges o f  the bone  
showing  very low in tens i ty  on  b o t h  T1 and  T2 weigh ted  
images.  The  f ib rous  s ep tum showed  low in tens i ty  on b o t h  
TI  and  T2 weigh ted  images.  In  these cases sagi t ta l  images  
showed  some b a n d s  going  f rom the pos t e r io r  to the ante-  
r ior  p a r t  o f  the  spine in the a rea  tha t  showed  d i a s t e m a t o -  
mye l ia  on axial  scan (Fig.  3). The  axial  scan was f o u n d  to 
be ideal  for  d e m o n s t r a t i o n  o f  d i a s t e m a t o m y e l i a ,  t h o u g h  
the extent  o f  the  spli t  co rd  cou ld  also be seen on  c o rona l  
view.. Three  cases wi th  d i a s t e m a t o m y e l i a  were assoc ia ted  
wi th  local ized s y r i n g o h y d r o m y e l i a  nea r  the  ros t ra l  end  o f  
the spli t  co rd  (Fig,  3). Low conus  was seen in five cases 
wi th  d i a s t ema tomye l i a .  

Lipomyeloschisis 

C o r d  te ther ing  to an  i n t r a d u r a l  l i p o m a  at  the  level o f  
SBO was d i agnosed  as l ipomyelosch is i s  [12]. This  was 
seen in e ight  cases, seven o f  which  h a d  l u m b a r  SBO. The  
conus  was seen ly ing low in all the cases. The  l i p o m a t o u s  
t issue was seen ex tend ing  u p w a r d  and  d o w n w a r d  in- 

F i g .  1 a-c .  Cervical meningocele with Chiari II malformation with 
tethered cord by fibrous band. a Sagittal T1 weighted MR demon- 
strates a band at the level of C2-3 pulling the spinal cord posteri- 
orly. In addition, the associated Chiari II anomaly is demonstrated 
with low position of posterior fossa contents and hydrocephalus, b 
Right parasagittal TI weighted MR demonstrates syringohy- 
dromyelia (arrow). e Axial T1 weighted MR at the level of C2-3 
shows posteriorly placed tethered cord (small arrow) with meningo- 
cele (large arrow) 

Fig. 2a, b. Lumbar meningocele, a Sagittal T1 weighted MR 
demonstrates meningocele (meningo) and conus at L4. Note the 
syrinx (S) in the upper part of the cord. b Coronal TI weighted MR 
shows a syrinx (S) with a small septum (arrow) in its rostral part 

Fig. 3a, b. Diastematomyelia with rostral syrinx, a Sagittal T1 
weighted MR demonstrates a thick band of bone marrow intensity 
extending up to the posterior margin of L2 vertebral body. Posterior 
end of this band is covered by fat (arrowhead). The conus is seen at 
the level of L4. Note the syrinx rostral to the bony band, suggesting 
rostral end of the split cord. b Axial T1 weighted MR at the level 
of L2 shows bony septum completely splitting the cord. The low 
signal at the edge of the spur is due to cortical bone. Note the lipoma 
in the extradural space 

Fig. 4a, b. Dorsal lipomyeloschisis, a Sagittal T1 weighted MR 
shows lipoma extending from subcutaneous tissue into the spinal 
canal (small arrows). The intradural component of the fat is extend- 
ing cranially. Note the tethering of the cord posteriorly (open ar- 
row). b Coronal T1 weighted MR demonstrates the intramedullary 
lipoma tethering the cord. Note the dilatation of the central canal 
around the intramedullary component of lipoma 

Fig. 5a-e .  Terminal syrinx with tethered cord. a Sagittal TI 
weighted MR shows dilatation of the terminal part of the cord 
(arrow). b Coronal T1 weighted MR also demonstrates the dilata- 
tion of the central canal of the terminal portion of the cord. 
c Postoperative sagittal MR shows decrease in size of the syrinx 
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tradurally in five cases. In four cases, lipomyeloschisis 
was associated with diastematomyelia. In one patient 
with dorsal spina bifida, a component of lipoma grew 
upwards and within the central canal of the cord and 
ballooned it (Fig. 4). 

L~oma 

The cases were grouped separately as lipoma when they 
were seen either as involving extradural space or subcuta- 
neous tissue or as extending from subcutaneous tissue to 
extradural space. Subcutaneous with extradural lipoma 
was seen in five cases in lumbar dysraphism, of which two 
had diastematomyelia. Isolated extradural lipoma was 
seen in one case of dorsal dysraphism associated with 
diastematomyelia. 

SyringohydromyeIia 

Syringohydromyelia was seen in five cases and was local- 
ized to a small segment of the spinal cord. One child had 
cystic dilation of the conus (Fig. 5). It has been differently 
described as ventriculus terminalis [3] and myelocystocele 
[1]. Cystosubarachnoid shunt was performed in this case. 
Postoperative MR showed a reduction in size but persis- 
tence of the lesion. Three cases with diastematomyelia 
were also shown to have localized syringohydromyelia 
near the rostral end of the split cord (Fig. 3). 

Discussion 

Spinal dysraphism represents a spectrum of congenital 
abnormalities with variable clinical and morphological 
presentation [13]. MR has become the technique of 
choice for evaluating the spine of children with suspected 
spinal dysraphism [1, 16]. It is reported that MR should 
be the initial screening procedure due to its ability to 
perform multiplanar imaging, tissue characterization, 
and show exquisite soft tissue details [10]. All the patients 
in this series were evaluated with MR and correlation was 
based on the surgical results. 

SBC is designated by posterior protrusion of all or 
part of the spinal contents through a posterior spina 
bifida [13]. The meningocele and meningomyelocele of 
the lumbosacral region are most common in order of 
frequency, followed by cervical and dorsal spine, re- 
spectively [5]. In cases with Chiari II malformation, a 
meningomyelocele is a nearly constant accompanying 
feature [4, 12, 19]. However, the malformation may have 
either a meningocele or meningomyelocele [15]. We had 
five cases of SBC, of which three were cervical meningo- 
cele and two had lumbar meningocele. Of the three cases 
with cervical meningocele, Chiari I anomaly was seen in 
one and Chiari II malformation was seen in another. All 
three cases with cervical meningocele showed a tethering 
of cervical cord backward by a band. Biopsy material of 
this band was reported to be fibrous tissue. Occasionally, 
loops of herniated nerves are known to become adherent 
to the wall of the meningocele sac [13], but no fibrous 

band has been reported so far. The merfingocele and 
meningomyelocele are commonly associated with sy- 
ringohydromyelia; it was seen in two out of five patients 
with SBC. In one patient with lumbar meningocele, 
localized syringohydromyelia was associated with a small 
septum running for a small distance. This type of abnor- 
mality has not been reported previously. 

SBO is frequently an incidental finding on plain 
radiography. There is a small group of cases where an 
early diagnosis and surgery are most beneficial for the 
prevention of progressive disability [18]. Pathologically, 
tethering is due to or associated with tight, thick filum 
terminale, low conus, lipomyeloschisis, fibrous band, 
diastematomyelia, and neuroenteric or dermoid cysts 
[13, 18]. Hydromyelia is uncommon in lipomyeloschisis 
[14]. There were eight cases of lipomyeloschisis in the 
present series, two  of which showed localized dorsal 
syrinx. 

Han et al. [7] reported a case of diastematomyelia, 
with a syrinx near the superior end of the split cord and 
claimed that syringohydromyelia without Chiari malfor- 
mation had not been cited in previous studies occurring 
with diastematomyelia. However, Schiffer and Till [17] 
described a case of diastematomyelia with a syrinx above 
the divided cord. Similar observations have also been 
made by Kuharik et al. [10]. We observed syrinx, rostral 
to the split cord, in three of eight cases of diastematomye- 
lia and feel that the observation is not as uncommon as 
has been described. It is probably the ability of MR to 
detect smaller syrinxes that has made all the difference. 

A localized cystic dilation of the spinal cord has been 
described as myelocystocele [11]. Altman and Altman [1] 
described myelocystocele as cystic dilation of the termi- 
nal portion of the spinal cord from cerebrospinal fluid 
(CSF) and differentiated it from a more proximal cystic 
dilation as hydromyelia. Delapaz et al. [3] described two 
cases with cystic dilation of the terminal portion of the 
cord and labelled them as dilated ventriculus terminus. 
We also observed cystic dilation of the terminal portion 
of the spinal cord by CSF in one case and feel that it 
should be designated as terminal syrinx. A differentiation 
between the myelocystocele and proximal hydromyelia 
has been made by showing drainage of myelocystocele 
via a lumbar cystoperitoneal shunt and persistence of 
hydromyelia [1]. It seems unusual that the myelocystocele 
containing CSF should not communicate with proximal 
syrinx unless there is some septum in between. In the 
present case, a cystosubarachnoid shunt was performed 
and postoperative MR showed reduction in size of the 
cystic cavity. 

In conclusion, we feel that plain radiographs and MR 
form the complete radiologic work-up in the preoperative 
assessment of children with spinal dysraphism. Some ob- 
servations, such as rostral syrinx associated with diaste- 
matomyelia, septum in the syrinx, fibrous band tethering 
the cervical cord with meningocele, and Chiari II malfor- 
mation with cervical meningocele, were possible due to 
the better diagnostic abilities of MR. We feel that more 
frequent observations of these complex anomalies will 
become possible in the initial work-up performed using 
MR. 
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