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Magnetic resonance (MR) images of 18 patients with a cervical spinal cord 
injury were analysed for prognostic signs of paralysis. Serial MR images were 
obtained within 48 hours (acute stage), then 2 weeks (subacute stage) and an 
average of 12 months (range 6-24 months) after injury. The patterns of signal 
intensity in the acute stage were divided into two types, slightly-low/low (SL/L) 
type and slightly-low/high (SL/H) type on Tl-weighted images (Tl WI) and 
T2-weighted images (T2WI). The patterns in the subacute stage were divided 
into two types, high/high (H/H) type and normal/high (N/H) type on TlWI and 
T2WI. Six patients showed SL/L type in the acute stage and H/H type in the 
subacute stage. Five of the patients had a paralysis of grade A and one of grade 
B at admission which remained unchanged after treatment. One patient showed 
SL/H type in the acute stage and H/H type in the subacute stage. The patient 
had a paralysis of grade A that improved to no more than grade B. The 
remaining 1 1  patients showed SL/H type in the acute stage and N/H type i n  the 
subacute stage. Their paralysis was from grade B to D at admission and grade D 
or E at the follow up. The signal intensity of SL/L type in the acute stage and 
H/H type in the subacute stage are bad prognostic signs. 
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Introduction 

The prognosis of acute spinal cord injury has 
been predicted to some extent by magnetic 
resonance imaging (MRI), which reflects 
histopathological changes of the intra
medullary lesion. I-3 Many investigators 
have considered a low signal intensity to be 
due to the presence of deoxyhaemoglobin. a 
product of haemoglobin metabolism. on 
T2-weighted images in the acute stage as a 
result of haemorrhage, a bad prognostic 
sign.-+-lJ However. the signal intensity 
changes with further metabolism of haemo
globin in the course of time. Therefore, 
other signs of prognosis of a spinal cord 
injury based on MRI are expected and 
require searching. We performed MR ima
ging serially from the acute to chronic stage 
in order to search for prognostic signs of 
paralysis due to a cervical spinal cord injury. 

Materials and methods 

Eighteen patients with an acute cervical 
spinal cord injury were studied in this series. 
There were 14 males and four females. The 
age at injury ranged from 12 to 74 years 
(mean 48 years). Paralysis at admission was 
graded A in six patients, B in two, C in two. 
and D in eight according to the Frankel's 
grading system. Seven patients had a 
fracture-dislocation, while 11 showed no 
radiological abnormalities (SCIWORA). 
Five of the seven patients with a fracture
dislocation were treated by open reduction 
and spinal fusion, and the remainder were 
conservatively treated by skull traction and 
steroid therapy. All 11 patients with SCI
WORA were treated conservatively. 

The first MRI was taken within 3 to 48 
hours (mean 23 hours) in the acute stage 
after injury, and the second MRlafter 2 
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weeks in the subacute stage. The follow up 
MRI was obtained after 12 months on 
average (range, 6-24 months) in the chronic 
stage after injury. The images were analysed 
and correlated to the improvement of para
lysis. 

Images were obtained with a 1.5 tesla 
superconductive MR scanner with a surface 
coil. Tl-weighted images (T1 WI) were ob
tained with echo time (TE) of 20 ms and 
pulse repetition time (TR) of 500 ms, and 
T2-weighted images (T2WI) with TE of 
80 ms and TR of 2000 to 3000 ms with spin 
echo (SE) sequences. The slice thickness 
was5 mm. 

Results 

Patterns of signal intensity of the injured 
cervical spinal cord and severity of 
paralysis 
MR images in the acute stage were divided 
into two types; slightly-low signal intensity 
on Tl WI and low signal intensity sur
rounded by a zone of high signal intensity on 
T2WI (SL/L type), and slightly low on 
TlWI and high on T2WI (SL/H type). Six 
patients showed SL/L type and twelve. 
SL/H type. 

MR images in the subacute stage were 
divided into two types; high signal intensity 
on both Tl WI and T2WI (H/H type), and 
normal on TlWI and high on T2WI (N/H 
type). Seven patients showed H/H type and 
11 N/H type. 

MR images in the chronic stage at the 
follow up were divided into three types; low 
signal intensity on T1 WI and high on T2WI 
(L/H type), normal on Tl WI and high on 
T2WI (N/H type) and normal on both Tl WI 
and T2WI (N/N type). Twelve patients 
showed L/H type; four, N/H type; and two, 
N/N type. 

Changes of signal intensity after the injury 
(Fig 1) 
The changes of signal intensity on serial MR 
images obtained in the acute to chronic 
stages showed five patterns as follows. All 
six patients of SL/L type in the acute stage 
showed H/H type in the subacute stage and 
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Figure 1 Changes of signal intensity after the 
injury. SL/L: slightly-low signal intensity on 
TI WI and low signal intensity surrounded by a 
zone of high signal intensity on T2WI. SL/H: 
slightly-low signal intensity on Tl WI and high 
on T2WI. H/H: high signal intensity on both 
Tl WI and T2Wl . NIH: normal signal intensity 
on TIW! and high on T2WI. L/H: low signal 
intensity on Tl WI and high on T2WI. N/N: 
normal intensity signal on both Tl WI and 
T2WI. 

L/H type in the chronic stage (Fig 2). The 12 
patients of SL/H type in the acute stage 
showed four different changes of signal 
intensity. One revealed H/H type in the 
subacute stage and L/H type in the chronic 
stage. Five showed N/H type in the subacute 
stage and L/H tyre in the chronic stage. 
Four disclosed NIH type in the subacute 
stage and N/H in the chronic stage. Two 
showed N/H type in the subacute stage and 
N/N type, normal signal intensity, in the 
chronic stage. In this normalised group. the 
high signal intensity on T2WI in the acute 
and subacute stages had its indistinct 
margin. 

Correlation between changes of signal 
intensity and improvement of paralysis 
(Fig 3) 
Out of the six patients of SL/L type in the 
acute stage. five had grade A paralysis and 
one had grade B paralysis. None improved. 

The single patient who showed SL/H type 
in the acute stage, H/H type in the subacute 
stage and L/H type in the chronic stage had 
had grade A paralysis at admission. This 
patient improved to no more than grade B. 
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Figure 2 A 49 year old man had cervical spinal 
cord injury due to bilateral dislocation at C6-7 
combined with subluxation at C3-4. Paralysis 
was graded A in the acute stage and was un
changed in the chronic stage. (a) MR images of 
SL/L type 24 hours after injury. Left: slightly
low signal intensity at C3-Tl on TIWI. Right: 
low signal intensity at C6-7 with a surrounding 
zone of high signal intensity at C3-Tl on T2WI 
(arrow). (b) MR images of H/H type 2 weeks 
after injury. Left: slightly high signal intensity 
at C3-4 and markedly high at C5-7 on T1 WI 
(arrow). Right: high signal intensity at CI-T2 
on T2 on T2WI. (c) MR images of L/H type 1 
year after injury. Left: low signal intensity at 
C3-4 and C5-7 (arrow) on T1 WI. Right: high 
signal intensity at C3-Tl, with a core of low 
signal intensity at C6-7 (arrow). 
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Figure 3 Correlation between changes of signal intensity and improvement of paralysis. 
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The five patients who showed SL/H type 
in the acute stage, N/H type in the subacute 
stage and L/H type in the chronic stage had 
had grades B-D paralysis at admission. 
Three of the patients improved, by one to 
two grades. Paralysis in these patients at 
follow up was grade D. 

All four patients who showed SL/H type 
in the acute stage. N/H type in the subacute 
stage and N/H type in the chronic stage had 
had grade D paralysis at admission. They 
remained at grade D although a little 
improvement was observed. 

The two patients who showed SL/H type 
in the acute stage, N/H type in the subacute 
stage and N/N type in the chronic stage had 
had grade D paralysis at admission. They 
recovered completely to grade E. 

Discussion 

The prediction of the fate of an injured 
spinal cord has been performed based on 
neurological findings alone. No improve
ments are expected in a patient with a 
complete paralysis even after the bulbo
cavernous or anal reflexes have recovered 
or after 24 hours have passed. 111 However, it 
is difficult to predict the prognosis of a 
patient in spinal shock or with an incom
plete paralysis. 

The signal intensity on MR images. which 
reflects histopathological changes such as 
oedema and haemorrhage of the injured 
spinal cord,l-3 may foretell the outcome of 
the paralysis. A low signal intensity on 
T2WI of the injured spinal cord in the acute 
stage has been considered to be a bad 
prognostic sign.4-9 All six patients with a 
low signal intensity on T2WI had a poor 
improvement of paralysis in this study. 

Gomorill speculated that a low signal 
intensity on T2WI reflects deoxyhaemo
globin in an acute stage of haematoma of 
the human brain. Deoxyhaemoglobin, a 
product of metabolism, markedly shortens 
T2 relaxation time. This physical character
istic of deoxyhaemoglobin leads to a low 
signal intensity on T2WI in high magnetic 
fields. The low signal intensity on T2WI in 
the acute stage of a spinal cord injury in this 
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study is also considered to reflect deoxy
haemoglobin in an intramedullary haemor
rhage.6.12 

Every signal intensity of SL/L type ob
served in the acute stage of six patients 
changed to H/H type in the subacute stage. 
In addition, the signal intensity of SL/H 
type in the acute stage changed to H/H type 
in the subacute stage in one patient. The 
patient also had little improvement of para
lysis. The high signal intensity on TIWI in 
the subacute stage is also a bad prognostic 
sign. No report has described this character
istic sign in the injured spinal cord to date. 
Gomori 11 described this high signal intensity 
on TI WI in the subacute stage of brain 
haemorrhage as reflecting methaemoglobin. 
a further product of haemoglobin metabo
lism. A high signal intensity on T2WI 
reflects a combination of methaemoglobin 
and oedema. The signal intensity of H/H 
type in the injured spinal cord in this study 
may reflect a production of methaemoglo
bin in haemorrhage. 

Paralysis in the II patients who showed 
SL/H type in the acute stage and N/H type 
in the subacute was incomplete and graded 
B-O at admission. The paralysis improved 
to grade D in nine patients and recovered to 
grade E in two. The signal intensity of SL/H 
type in the acute stage is considered to be a 
sign of good prognosis with the exception of 
one case with a change to H/H type in the 
subacute stage. The signal intensity of N/H 
type in the subacute stage is also a good 
prognostic sign. 

Conclusions 

Serial MRI in the acute and subacute 
stages of a cervical spinal cord injury is 
recommended for the prediction of prog
nosis since images change in the course of 
time. 

2 The low signal intensity on T2WI in the 
acute stage and high signal intensity on 
Tl WI and T2WI in the subacute stage are 
signs of poor prognosis. 

3 The signal intensity of SL/H type in the 
acute stage and N/H type in the subacute 
stage are signs of good prognosis. 



Paraplegia 32 (1994) 81-85 

References 

MRI in cervical spinal cord injury 85 

1 Chakeres DW. Flickinger F, Bresnahan Je. Beattie MS, Weiss KL, Miller C, Stokes BT (1987) MR 
imaging of acute spinal cord trauma. AINR 8: 5-10. 

2 Hackney DB, Asato R, Joseph PM, Carvlin MJ. McGrath JT, Grossman RI et al (1986) Hemorrhage and 
edema in acute spinal cord compression: Demonstration by MR imaging. Radiology 161: 387-390. 

3 Weirich SD, Cotler HB, Narayana PA, Hazle JD. Jackson FE, Coupe KJ et al (1990) Histopathological 
correlation of magnetic resonance imaging signal patterns in a spinal cord injury model. Spine 15: 630-638. 

4 Bondurant Fl, Cotler HB, Kulkarni MY. McArdle CB. Harris JH (1990) Acute spinal cord injury: A study 
using physical examination and magnetic resonance imaging. Spine 15: 161-168. 

5 Cotler HB, Kulkarni MY, Bondurant FJ (1988) Magnetic resonance imaging of acute spinal cord trauma: 
preliminary report. IOrthop Trauma 2: 1-4. 

6 Kulkarni MY, McArdle CB, Kopanicky D, Miner M, Cotler HB, Lee KF et al (1987) Acute spinal cord 
injury: MR imaging at 1.5 T. Radiologr 164: 837-843. 

7 Mori A. Shiha K. Katsuki M. Shirasawa K, Oota H. Rikimaru S et al (1991) Magnetic resonance imaging 
of cervical cord injury. Rillsho Seikei Geka 26: 1163-1171. 

8 Sato T, Hyodo H. Oohira N. Moriai N, Hashimoto M (1991) Prognosis of acute cervical cord injury 
correlated with MR imaging. Rillsho Seikei Geka 26: 1151-1161. 

9 Schaeffer DM, Flanders A, Osterholm JL. Northrup BE (1992) Prognostic significance of magnetic 
resonance imaging in the acute phase of cervical spine injury. I Neurosurg 76: 218-223. 

10 Stauffer ES (1975) Diagnosis and prognosis of acute cervical spinal cord injury. Ciill Orthop 112: 9-15. 
11 Gomori 1M, Grossman RI, Goldberg HI. Zimmerman RA, Bilaniuk L T (1985) Intracranial hematomas: 

imaging by high-field MR. Radiologr 157: 87-93. 
12 Beers GJ, Raque GH. Wagner GG. Shields CB. Nichols GR, Johnson JR, Meyer JE (1988) MR imaging in 

acute cervical spine trauma. J Complll Assist Tomogr 12: 755-761. 


	Prognosis of cervical spinal cord injury in correlation with magnetic resonance imaging
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	References


