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MRI findings in patients with a cervical spinal cord injury who do not 
show radiographic evidence of a fracture or dislocation 
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We investigated the usefulness of magnetic resonance imaging (MRI) in assessing cervical 
spinal cord injury in patients where there was no evidence of bone injury on radiographs, 
and examined the relationship between the MRI findings and the clinical prognosis of this 
injury. MRI allowed us to confirm directly the cause and severity of spinal cord 
compression in 30 of 31 cases. The patients with severe spinal cord compression 
demonstrated by MRI showed poor neurological improvement. In regard to the signal 
changes in the spinal cord, the patients who showed no signal change on T1- and 
T2-weighted images had a better prognosis. MRI is a very useful non-invasive adjunctive 
imaging modality for diagnosis of this injury and for the evaluation of the compressed 
spinal cord. It also demonstrates potential in predicting neurological recovery. 
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Introduction 

Magnetic resonance imaging (MRI) has become widely 
used for assessing injury to the spinal cord. The 
relationship between the MRI findings and the progno
sis has been reported by numerous investigators. 1-4 We 
recently investigated the usefulness of MRI in assessing 
cervical spinal cord injury in patients where there was 
no evident bone injury on radiographs, and examined 
the relationship between the MRI findings and the 
clinical prognosis of this injury. 

Methods 

The subjects were 31 patients with cervical spinal cord 
injury without bony injury evident on radiographs. 
There were 24 males and seven females, with ages 
ranging from 17 to 84 years (mean: 54.4 years). The 
observation period after injury ranged from 3 months 
to 2 years (mean: 13 months). The traumatic lesions of 
the spinal cord resulted in complete cord injury in one 
patient, the anterior cord syndrome in four, the central 
cord syndrome in 23 and the Brown-Sequard syndrome 
in three. The severity of the paralysis was evaluated 
according to the Frankel classificationS immediately 
after injury, at the time of the MRI and at the final 
observation. Operative treatment was performed in 17 
patients and conservative treatment in 14 patients. In 
those who underwent operative treatment, MR studies 
were performed before surgery. 

MRI studies were performed within 2 weeks after 
injury in 17 patients and after 2 weeks in 14 patients. 
Using 0.2-1.5 Tesla MRI devices, Tl- and T2-weighted 
sagittal images were taken with the spin echo sequence. 

On the MRI we observed the cause of spinal canal 

narrowing, the severity of spinal cord compression and 
the changes in signals in the spinal cord. The severity of 
cord compression was classified as mild (the narrowest 
diameter of the spinal cord> 2/3 of the diameter at C1 
level in each) and severe « 2/3 of the diameter at 
C1 level). We examined the relationship between the 
MRI findings and the clinical symptoms. 

Results 

The severity of paralysis immediately after injury was A 
in one patient, B in six, C in 14 and D in 14. 
Twenty-five of the 31 patients had paralysis at the final 
observation (Figure 1). 
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Figure 1 The severity of paralysis immediately after injury 
and at the final observation. The shaded area indicates 
neurological improvement according to the Frankel classifi
cation 



The cause of spinal canal narrowing 
Spinal canal narrowing was caused by a herniated disc 
in seven patients, ossification of the posterior longitu
dinal ligament (OPLL) in eight patients and spondylo
sis in 15 patients. Spinal cord compression was absent 
in one patient. 

Comparison of the severity of spinal cord compression 
with the prognosis of clinical symptoms 
A number of patients with severe spinal cord compres
sion as seen by MRI had severe paralysis immediately 
after the injury and showed poor neurological improve
ment at the final observation. Three of the 10 patients 
with severe spinal cord compression on the MRI who 
underwent operative treatment showed neurological 
improvement (Figure 2). 

Comparison of the changes in spinal cord signals with 
the prognosis of clinical symptoms 
Three types of MRI signal patterns were observed as 
follows: (1) no signal change in the spinal cord on T1-
and TI-weighted images, (2) no signal change on 
Tl-weighted images but showed high signal intensity on 
T2-weighted images, (3) low signal intensity on Tl
weighted images and high signal intensity on T2-
weighted images. In the patients who showed no signal 
change in the spinal cord on T1- and T2-weighted 
images within 2 weeks after injury, the severity of 
paralysis was mild at the time of MRI and neurological 
symptoms improved markedly at the final observation 
(Figure 3). Of the patients who underwent MRI more 
than 2 weeks after injury, patients who showed no 
signal change in the spinal cord on T1- and T2-weighted 
images had mild paralysis at the time of MRI. None of 
the patients who showed low signal intensity on T1-
weighted images and high signal intensity on TI
weighted images showed any neurological improve
ment during the observation period (Figure 4). 
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Comparison of the preoperative period with the 
prognosis of clinical symptoms 
Operative treatment was performed within 2 weeks 
after injury in five cases and more than 2 weeks in 11 
cases. Good clinical results were obtained in four of the 
five patients who were operated on within 2 weeks of 
injury and seven of the 11 patients who were operated 
on after more than 2 weeks. The differences of the 
clinical results between these two groups were not 
statistically significant by the i- test (P = 0.942). 

Case reports 

Case 1. A 40-year-old man 
He was injured in a traffic accident, and had mild paralysis 
(Frankel D) at the time of MRI (3 days after the injury). 
The paralysis recovered completely at the final observation. 
On the MRI, the spinal cord was compressed mildly by a 
herniated disc and changes in signal intensity were not 
observed in the spinal cord (Figure 5). 

Case 2. A 72-year-old man 
He was injured by a fall, and had severe paralysis (Frankel 
B) at the time of MRI (7 days after the injury). The severe 
paralysis persisted during the observation period (Frankel 
C). On the MRI, the severe compression of the spinal 
cord caused by spondylotic changes and low signal intensity 
on Tl-weighted images and high signal intensity on 
T2-weighted images were observed in the spinal cord 
(Figure 6). 

Discussion 

Bone injury was not evident in the radiographs in some 
patients who showed paralysis from a cervical cord 
injury. In such patients, invasive examinations such as 
myelography and CT myelography were required to 
make a diagnosis and assessment of injury to the 
cervical spinal cord. In our study, MRI allowed us to 
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Figure 2 Comparison of the severity of spinal cord compression with the prognosis of clinical symptoms. The shaded area 
indicates neurological improvement according to the Frankel classification 
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Figure 3 Comparison of changes in spinal cord signals with the prognosis of clinical symptoms for patients first imaged less 
than 2 weeks after injury. The shaded area indicates neurological improvement according to the Frankel classification 
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Figure 4 Comparison of signal changes in the spinal cord with the prognosis of clinical symptoms in the cases where MRI 
was performed within 2 weeks after injury. The shaded area indicates neurological improvement according to the Frankel 
classification. T1: T1-weighted images, TI: TI-weighted images, -+: no signal changes, i: high signal intensity, !: low 
signal intensity 

confirm directly the cause of spinal canal narrowing and 
the severity of spinal cord compression in 30 of 31 
cases. Generally in the patients with this injury, the 
prognosis is considered favourable. But patients with 
severe spinal canal narrowing had poor neurological 
improvement. Three of the 10 patients with severe 
spinal cord compression on MRI who underwent 
operative treatment showed neurological improve
ment. We could not confirm the relationship between 
the preoperative period and the clinical results. In our 
opinion, although decompression is indicated for pa
tients with severe spinal cord compression, we do not 
agree with the opinion that the operation should be 

performed as early as possible. MRI is a very useful 
non-invasive adjunctive imaging modality for the diag
nosis of this injury and the evaluation of compression of 
the spinal cord. 

In regard to signal changes in the spinal cord, 
patients who showed no signal change in the spinal cord 
on Tl- and T2-weighted images had milder paralysis 
immediately after injury and had a better prognosis. 
Some investigators reported that a low signal intensity 
on T2-weighted images in the acute stage indicated 
bleeding within the spinal cord and hence a poor 
prognosis.1•2•3,4 In the present study, no such case was 
noted. This is probably because the magnitude of the 



Figure 5 Case 1. MRI showed mildly compressed spinal 
cord by a herniated disc (arrows). No signal changes were 
observed either on Tl-weighted (a) or on T2-weighted 
images (b) 

extrinsic force in this injury was smaller than in the 
injury accompanied by fracture and dislocation. Ab
sence of signal change on Tl-weighted images was 
found. High signal intensity on T2-weighted images 
indicates oedema, and low signal intensity on Tl
weighted images and high signal intensity on T2-
weighted images indicate necrosis in the acute stage.6 
Though patients who showed low signal intensity on 
Tl-weighted images and high signal intensity on TI
weighted images have been thought to have a poor 
prognosis by some investigators,? our results were not 
consistent with their results. This discrepancy may be 
attributable to involvement of the range of low signal 
intensity. In the chronic stage, low signal intensity on 
Tl-weighted images and high signal intensity on T2-
weighted images pattern indicate cyst or syrinx.8 The 
prognosis seemed to be poor in cases with this pattern 
in the chronic stage. 

Conclusion 

Thirty-one patients with cervical spinal cord injury 
without evidence of bony injury on radiographs were 
observed with MRI. This is a very useful non-invasive 
adjunctive imaging modality for the diagnosis of this 

MRJ findings in patients with cervical spinal cord injuries 
K Hayashi et al 

a 

Figure 6 Case 2. MRI showed severe compression of the 
spinal cord caused by spondylotic changes. (a) Low signal 
intensity on T1-weighted image was observed (arrows). (b) 
High signal intensity on TI-weighted image was observed 
(arrows). 

lOJury and the evaluation of the compressed spinal 
cord, and also demonstrated a potential in predicting 
the likelihood and degree of neurological recovery. 
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