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Implications of focal spinal cord lesions following trauma: evaluation with 

magnetic resonance imaging 
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In a series of 15 patients who underwent early and follow up magnetic resonance 
imaging following spinal cord injury, those with focal spinal cord abnormalities 
such as cord contusion or haematoma had worse neurological outcomes, and 
most developed spinal cord cysts, showing as well-defined areas of CSF intensity 
within the cord on Tl weighted images. Patients with cord oedema initially, had 
better outcomes, with the development of residual areas of myelomalacia. These 
observations suggest that patients with focal initial spinal cord abnormalities may 
have an increased risk of developing posttraumatic spinal cord cysts, which may 
be associated with the development of delayed neurological deterioration. 
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Introduction 

Whilst the development of a cyst or syrinx 
following spinal cord injury is a not infre
quent phenomenon, clinical presentation 
with symptomatic syringomyelia following 
spinal trauma is relatively uncommon, with 
an incidence of between 0.5% and 3% 
amongst different series. 1-') Nevertheless, 
delayed neurological deterioration due to 
posttraumatic cyst formation is a significant 
cause of morbidity, and, if left untreated. 
may result in irretrievable loss of neuro
logical function. J.j The elucidation of the 
mechanism of spinal cord cavitation result
ing in cyst formation had, prior to the 
development of modern imaging tech
niques, relied on histopathological studies 
on necropsy material following demise of 
spinal cord injured patients2 and observa
tions made at the time of surgery . .) 
However, such research cannot identify the 
initial pathology associated with delayed 
cyst formation as, in the past, this could not 
be determined noninvasively. 

The relatively recent application of mag
netic resonance (MR) imaging to the 
investigation of spinal trauma has resulted 
in a noninvasive method of defining the 
exact nature of the initial injury to the spinal 
cord,5-7 as well as identification of posttrau
matic cyst formation in the chronically 
injured cord.8-IO Specific pathological enti-

ties such as cord haematoma and cord 
oedema have been correlated with MR 
signal abnormalities in the acutely injured 
cord,5.6 whilst cysts and myelomalacia have 
been documented in the chronically injured 
cord.8.9 

The purpose of this study was: (1) to 
identify whether certain patterns of imaging 
abnormality on MR are associated with the 
delayed development of spinal cord cyst; 
and (2) to attempt to correlate changes in 
the neurological status following acute 
spinal trauma with the change in MR 
appearances of the spinal cord. 

Materials and methods 

The patients included in the study were 
derived from acute admissions to our spinal 
injuries unit between February 1987 and 
February 1991. Patients included in the 
study were examined with MR imaging 
within 6 weeks of injury, and had follow up 
examinations at least 6 months from original 
trauma. Of the 15 patients admitted to the 
study, 4 had already had MR imaging prior 
to the commencement of the project for the 
assessment of new neurological symptoms 
and a further 1 1  stable patients were exam
ined prospectively. Of the 4 patients exam
ined for new symptoms, 2 had ascent of 
neurological level, one had an increase in 
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the degree of myelopathty and one had 
developed increasing muscular spasms. The 
15 patients ( 13 males and 2 females) were 
aged between 12 years and 65 years (mean 
of 42 years). The mechanism of injury was a 
motor vehicle accident in 7 patients. a fall in 
3. diving in 2. an assault in 2. and recre
ational sport in one. 

All patients included in the study had 
injuries resulting in neurological impairment 
at or above T12. Twelve had cervical in
juries. and 3 thoracic injuries. The neuro
logical levels of impairment at presentation 
to hospital were C4-C7 (mode of C5) for 
cervical injuries. and T2-T5 for thoracic 
injuries. All patients were initially managed 
conservatively with temporary spinal immo
bilisation. 

At presentation. the patients underwent 
clinical and radiological assessments. The 
pattern of neurological deficit was separated 
into transverse, central cord syndrome and 
Brown-Sequard syndrome by the spinal unit 
physician who examined the patient at 
presentation, and these categories were 
included in the study. The examining physi
cians did not distinguish between anterior 
cord syndrome and central cord syndrome. 
so that both of these patterns were de
scribed under the latter category. 

The pattern of injury was transverse in 7 
patients. central cord in 6. and Brown
Sequard in 2 patients. Fourteen of the 
patients had a single level of neurological 
impairment. and one patient had a complex 
neurological deficit, which related most 
closely to the Brown-Sequard pattern. 

All patients underwent detailed neuro
logical assessment. This consisted of assess
ment of the degree of neurological deficit by 
the method of Frankel et alII at presenta
tion to hospital and at the time of follow up 
MR: grade A -complete motor and sensory 
loss; grade B -complete motor loss, but 
some sensation preserved; grade C-some 
motor power preserved. but of no functional 
use; grade D -useful motor function. in
cluding walking with aids. but less than 
normal; grade E -free of neurological 
symptoms. These assessments were 
recorded with the pattern type. mode of 
treatment, and other patient details (a 
reference number. age, sex and method of 
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injury) independent of the radiological find
ings. MR imaging was performed on a 0.3 T 
resistive MR unit (B3000; Fonar; Melville 
NY) on 13 patients, and on a 1.5 T 
superconducting MR unit (Magnetom 63; 
Siemens; Germany) on 3 patients. The 
average time from injury to MR exam
ination was 1 1  days (range 2-41 days). with 
over 60% performed within 9 days. Images 
were obtained with a spin-echo (SE) tech
nique consisting of two sagittal sequences 
(repetition time msec/echo time msec = 

600/15 for T1  weighted images, and 2500/80 
for T2 weighted images). and two axial 
sequences using similar acquisition times. 
Flow compensation (gradient moment nul
ling) was used in the long TR sequences. 
Slice thickness was 4 mm with 1 mm inter
slice gap. 

The spinal cord in each patient was 
analysed for the presence of four character
istics on MR: transection -defined as partial 
or complete discontinuity on sagittal im
ages; haematoma-focal high signal on T1  
weighted images or low signal on T2 
weighted images; contusion - ( 1) hetero
geneous signal from the cord on Tl or T2 
weighted images. (2) focal area(s) of high 
signal on Tl images. surrounded by a much 
larger area of high signal on T2 images. or 
(3) focal sharply defined area of high signal 
on T images; and oedema-diffuse, poorly 
defined high signal on the T2 image with 
cord expansion. and normal signal on the Tl 
images. 

The follow up MR examinations were 
performed at a mean of 2 1  months from 
injury (range of 6 months to 48 months). 
MR imaging was performed with a 0.3 T 
resistive magnet (B3000; Fonar; Melville 
NY) on all patients. Images were obtained 
with a spin-echo (SE) technique consisting 
of two sagittal sequences (repetition time 
msec/echo time msec = 500/16 for Tl 
weighted images. and 2500/80 for T2 
weighted images) and two axial sequences 
(500/16 and 2500/80). Slice thickness was 
:) mm with 2 mm interslice gap. Flow com
pensation (gradient moment nulling) was 
used for the long TR sequences. 

The MR images were analysed for: cord 
atrophy. an anteroposterior diameter of less 
than 6 mm in the cervical cord, and 5 mm in 
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the thoracic cord on a midline sagittal 
slice; 10 myelomalacia, cord hyperintensity 
on T2 weighted images with either normal 
or low signal intensity on Tl weighted 
images, and ill defined margins of the area 
of abnormal signal; and cyst, a well defined 
area of CSF intensity within the cord on T1 
weighted images including lesions with sur
rounding T2 hyperintensity, if the cystic 
region was greater than 5 mm diameter. 

The early and follow up images were 
analysed independently, and the results of 
the clinical examinations were also recorded 
independently. 

Results 

The results of the clinical and radiological 
assessments are presented in Table I. 

The patients with cord transection had 
little change over time, although in the 
second (patient 2), the margins of the cord 
had retracted slightly by the second exam
ination. This patient also had a second 
lesion at a lower level, compatible with a 
contusion. Five of the 6 patients with cord 
contusion (Fig 1), as well as the patient with 
a cord haematoma subsequently developed 
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small well defined cystis at the site of the 
original abnormality, with all 6 presenting as 
grade A, and none having useful motor 
function at the outcome. 

Of the 5 patients with cord oedema, 3 
developed focal areas of myelomalacia loc
ated at the centre of the original MR 
abnormality (Fig 2), and all 3 had useful 
motor function at follow up. Only one of the 
patients with cord oedema failed to improve 
clinically, and on the follow up examination 
had cord atrophy. 

Two patients had normal cords initially, 
despite the presence of a neurological defi
cit. One was subsequently examined be
cause of an ascent in the neurological level. 
at which time he was found to have a small 
cyst (patient 14). The other patient subse
quently presented with increasing myelo
pathy and was found to have cord atrophy 
(patient 15). 

Discussion 

Descriptions of sequential changes in the 
MR appearance of the spinal cord and 
correlation with neurological status have 

Table I Initial and follow up MR findings related to changc in Frankel grade 

No 

I 
2 

3 
4 
5 
6 
7 
8 
l) 

10 
II 
12 
13 
14 
15 

MR initial 
time findings 

(days) 

41 Transection 
15 Transection 

Contusion 
9 Contusion 
4 Contusion 

22 Contusion 
14 Contusion 

8 Haematoma 
2 Contusion 

II Oedema 
2 Oedema 
3 Oedema 
6 Oedcma 
2 Oedama 
9 Norma 

14 Normal 

"Patient 2 had two clinical levels. 

MR follow up 
time findings 

(Mths) 

16 Transection 
7 Transection 

Small svrinx 
II Small svrinx 
13 Small syrinx 
10 Small syrinx 
34 Small syrinx 
26 Small syrinx 
12 Normal 
10 Cord atrophy 
23 Myelomalacia 
28 Myelomalacia 
33 Myelomalacia 
48 Normal 

6 Small svrinx 
17 Cord atrophy 

hPatient 4 had developed increasing spasms: patients 6 and 14 had developed 
neurological1evel; patient 15 had dcveloped increase in degree of myelopathy. 

Clinical 
change 

AA 
AA" 

AC 
ABb 
AA 
AC 
AAb 
BC 
AA 
AD 
AD 
AD 
AD 
CCI> 
DB" 

ascent Il1 
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Figure 1 Syrinx arising from a spinal cord contusion in a 50 year old female, initially grade A 
following a motor car accident resulting in C7 quadriplegia. (a) T2 weighted sagittal image at 22 
days from injury demonstrates focal high signal in the cord opposite C6, with surrounding 
poorly-marginated high signal extending cranially and caudally, consistent with a contusion. (b) T1 
weighted sagittal image at 10 months from injury now shows a small syrinx opposite C6. 
Neurological status was unchanged. 

been limited to those provided by Yama
shita et al7.10 who, in two papers, described 
a total of 26 patients who underwent follow 
up MR imaging following acute trauma. In 
their series, patients with a hyper- or hypo
intense signal on the initial T 1  weighted 
images and a hyperintense signal on T2 
weighted images had a low signal on Tl 
weighted, and a high signal on T2 weighted 
images at follow up, with a poor progno
SiS. l0 Patients with a normal signal on Tl 
weighted images, and a high signal on T2 
weighted images at presentation, had a less 
severe initial neurological deficit, and at 
follow up those with a persistent signal 
abnormality had less improvement than 
those where there was a return of the signal 
to normal. 7 

By equating the MR imaging appearances 
found in the patients in our series with 
pathological entities it is now possible to 
expand on the results of Yamashita et al. Six 
of the 7 patients with a cord haematoma or 
contusion in this series developed well 
defined lesions of CSF intensity in the cord 
at the site of original abnormality, satisfying 
the criteria for small cysts. In all 6, there was 
no useful motor function at follow up, 
although in one of these patients the neuro
logical deficit implicated more than one 
clinical level. In contrast, 3 of the 5 patients 
with cord oedema developed a focal high 
signal in the cord on T2 weighted images, 
with good outcomes. These are likely to 
represent areas of myelomalacia or gliosis, 
similar to the N/Hi pattern of Yamashita et 
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Figure 2 Myelomalacia developing following spinal cord oedema in a 56 year old male, initially 
grade A following a fall resulting in C6 quadriplegia. (a) Tl weighted sagittal image at 6 days from 
injury shows a small anterior epidural haematoma with a normal cord. (b) T2 weighted sagittal 
image. There is extensive cord oedema. (c) Tl weighted sagittal image at 33 months from injury. 
A small area of low signal consistent with myelomalacia is present opposite C6. (d) T2 weighted 
axial image through C6. Focal high signal in the cord, consistent with myeloma1cia, is confirmed. 
The patient had improved to grade D at this time. 

al, 1O  with a good prognosis. The likely 
pathological explanations for these changes 
can be correlated with the MR appearances. 

In some patients, pathological examina-

tion of the cord at an interval of months or 
years from trauma shows cystic cavities with 
fibrous or gliotic walls, whilst in others, 
especially with lesser degrees of injury, only 
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small gliotic foci and small cysts are pres
ent. 2,8 The results of our study suggest that 
the former group had cord contusions ori
ginally, with a poor prognosis and the 
potential for developing a cyst in the future, 
whilst the latter group had a less severe 
injury such as cord oedema, with a better 
prognosis, 

Our results confirm the suggestion made 
on the basis of pathological studies, that 
posttraumatic spinal cord cysts initially arise 
from liquefaction of necrotic cord tissue, 
rather than from CSF secretion or transuda
tion,2,12, 13 The patients in this series who 
developed spinal cord cysts frequently had 
cord contusions which, on the basis of 
previous animal experiments, probably re
present a combination of central haemor
rhage and necrosis, 14 Spinal cord haema
tom a probably represents one end of the 
spectrum of haemorrhagic contusion, with 
cyst formation also resulting from liquefac
tion of contents, This fails to explain the 
development of a small cyst in one of our 
patients with an initially normal cord, There 
are two possible explanation for this phe
nomenon, Imaging techniques are limited 
by the ability to resolve very small lesions, 
so that microscopic foci of haemorrhage 
may have been present in the cord at the 
initial examiniation in this patient, but were 
not identified, Identification of blood prod
ucts at low field strength MR (which was 
used in our case) may be difficult in some 
patients.14 In addition, vascular compres
sion during or after the initial injury is 
known to be important in the pathogenesis 
of spinal cord cyst formation,15 and may 
have been a late contributing factor in our 
case, 

The mechanism of formation of foci of 
myelomalacia in patients with cord oedema 
is more difficult to explain, Gliotic scars and 
demyelination have been described in rela
tion to the central grey matter in patients 
who have less severe spinal injuries (on the 
basis of no bony injury).2 It is likely that 
these represent the myelomalacia pattern of 
this study, based on histological and MR 
studies in patients with chronic cervical cord 
compression. A number of studies have 
described focal areas of high signal intensity 
in the cord on T2 weighted MR images in 
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patients with chronic cervical cord com
pression. 16, 17 Histological studies in patients 
with longstanding cord compression have 
shown a number of changes, including long 
tract demyelination, microcystic change and 
gliosis, with the most severe changes, of 
necrosis, found in cords with the greatest 
degree of compression. IS The MR findings 
in this study, whilst similar to those de
scribed in patients with chronic cord com
pression, were, however, associated with a 
good prognosis, which was not the case in 
Takahashi et aI's large series of patients with 
nontr(!umatic cord compression,3 Whilst no 
direct histological correlation is available, it 
is likely that the changes identified in this 
study represent changes found in milder 
degrees of cord compression by Ogino et 
(If, 18 Silch as demyelination and gliosis. 

The mechanism by which these changes 
arise in patients with spinal cord oedema 
requires elucidation. In patients with 
chronic cord compression, secondary spinal 
cord abnormalities are thought to arise, at 
least in part, from ischaemia secondary to 
vascular compression, as they are frequently 
found in terminal supply areas of the ante
rior spinal artery, lY In patients with acute 
trauma, and subsequent cord oedema, a 
combination of factors could produce com
pression of surface and intramedullary ves
sels. The swollen cord could impinge on the 
bony "pinal canal, compressing the anterior 
spinl artery. whilst accumulation of fluid in 
the cord could compress small perforating 
vessels, In addition, disturbances of the 
local circulation occur following acute spinal 
cord injury, due to local release of vaso
active agents. and spinal cord blood flow 
may decrease dramatically. 15,2f),21 

What is the clinical significance of the 
imaging sequelae identified in this study? 
Posttraumatic spinal cord cyst formation is 
an important and treatable cause of delayed 
neurological deterioration following spinal 
cord injury, 22.23 In view of the subsequent 
development of small cysts in patients with 
initial cord haematoma or contusion, this 
group of patients should be monitored 
closely for the development of this compli
cation, When will patients with posttrau
matic spinal cord cysts develop new symp
toms. in view of previous descriptions of 
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stable patients with spinal cord cysts on MR 
imaging?lO The answer to this question will 
require prospective serial MR imaging in 
large numbers of spinal trauma patients to 
determine whether, for exmple, the size of 
the cyst is the most important factor influen
cing the development of deterioration, as 
one recent paper has suggested.24 This may, 
in the future, enable the identification of the 
optimal time for shunting, to reverse the 
rapid changes accompanying this problem. 

Conclusion 

The results of initial and follow up MR 
imaging in a series of 15 patients with spinal 
cord injury have been described, and corre
lated with changes in neurological status. 
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Patients with focal spinal cord abnormalities 
such as cord contusion or haematoma, had 
worse neurological outcomes and most de
veloped small spina cord cysts, whilst pa
tients with cord oedema initially, had better 
outcomes, with the development of residual 
areas of myelomalacia. In view of the risk of 
development of posttraumatic spinal cord 
cysts in patients with focal spinal cord 
abnormalities following trauma, they should 
be closely followed up for the development 
of neurological deterioration. 
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