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The aim of this study was to determine the usefulness of

early magnetic resonance imaging findings in predicting

neurologic recovery at or below the injured level in traumatic

cervical spinal cord injuries. Thirty patients with traumatic

cervical spinal cord injuries were included. All of the patients

received a magnetic resonance imaging and a neurologic

examination in the emergency room, within 7 days of injury

and at 6 months following the injury. To quantify neurologic

recovery below the injured level, we modified clinical scales,

particularly the motor ratio and the sensory ratio. We used the

neurologic level to quantify recovery around the injured level.

We assessed neurologic recovery according to MRI patterns

and lesion extents. The pure hemorrhagic MRI pattern was not

observed. In edematous and mixed types, the improvement of

neurologic levels was not significantly different. The motor

ratio and sensory ratio improved significantly more in

edematous type patients than in mixed type patients. Based on

MRI lesion extent, the improvement of neurologic levels was

not significantly different, and motor ratio and sensory ratio

improved significantly more in those with one or two segments

involved than in those with more than two segments involved.

In conclusion, early MRI pattern and lesion extent after

traumatic cervical spinal cord injury may provide important

information to help predict neurologic recovery, especially

below the injured level.
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INTRODUCTION

Traumatic spinal cord injuries result in signi-

ficant, severe individual disabilities and social

burden. Moreover, the number of incomplete

lesions has increased recently1 because of im-

proved management techniques and subsequent

immediate care. Approximately half of all trau-

matic spinal cord injuries are cervical lesions. The

neurologic level at which injury most often occurs

is C5, followed by C4 and C6.1

One of the most difficult tasks facing medical

staff that care for patients with spinal cord injuries

may be predicting the neurologic prognosis and

discussing it with the patients and their family. It

is important that clinicians are familiar with

recovery courses of traumatic spinal cord injuries,

as this knowledge allows them to predict out-

comes and develop realistic, comprehensive

rehabilitation programs.2,3 In addition, knowledge

of the expected recovery course helps determine

the effectiveness of various interventions, such as

pharmacologic treatment and rehabilitative treat-

ment.

Previously, the prognosis and severity of spinal

cord injuries have been assessed by standardized

neurologic examinations, electrophysiologic data

such as somatosensory evoked potentials1
4,5

and

motor evoked potentials,5-8 and radiological ap-

proaches such as computed tomography9,10 and

myelography.11 The most accurate way of predic-

ting recovery is by standardized physical exami-

nation, as endorsed by the International Standards

for Neurologic and Functional Classification of

Spinal Cord Injury Patients.
12
However, neurolo-
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gic examinations are limited, as prognostic predic-

tions may be more accurate when based on exami-

nations at 72 hours after acute injury than on

initial emergency examinations. This is because

the immediate examination may be affected by

associated injuries, alertness, medications, and

evolving deficits.13,14 Magnetic resonance imaging

(MRI) is currently the technique that best visu-

alizes the spinal cord and adjacent soft tissues.15-21

MRI has been used as an imaging modality for the

diagnosis of spinal cord injury and is known to

be helpful in determining the prognosis of

neurologic recovery.22-31

Neurologic recovery following spinal cord in-

jury occurs both below and in the vicinity of the

injured spinal cord level.32

However, the majority of previous studies have

not separately investigated neurologic outcomes

at and below the injured level.22-31 Furthermore,

they reported neurologic outcomes using crude

and inappropriate scales for quantifying neuro-

logic recovery, such as the Frankel classification or

the American Spinal Injury Association (ASIA)

classification.22,26,30 Other studies have used motor

and sensory scores (such as the ASIA motor and

sensory scores) and the motor index score as

parameters.22,24,26,29 Motor and sensory scores are

absolute scales of the whole body's motor and

sensory systems and represent the neurologic

status both at and below the neurologic level.

However, they are inappropriate for measuring

neurologic recovery below the injury level, espe-

cially in spinal cord injury patients with different

initial neurologic levels. Moreover, the status of

neurologic recovery has not been fully or quanti-

tatively evaluated over a constant post-traumatic

period because the majority of previous research

has been retrospective in nature.

For these reasons, we modified two relative

scales-the motor ratio and the sensory ratio-to

allow us to evaluate the amount of neurologic

recovery below the neurologic level regardless of

differences in initial neurologic level.

The aim of this study was to determine the

usefulness of early MRI findings in predicting

neurologic recovery at and below the neurologic

level by using a prospective approach with rela-

tive scales.

MATERIALS AND METHODS

Our study consisted of 30 tetraplegic patients

who had suffered a traumatic cervical spinal cord

injury. There were 25 males and 5 females with

ages ranging from 23 to 69 years (mean age: 39.4

years). Potential study subjects suspected of

having another spinal cord injury or traumatic

brain injury during initial evaluation and those in

whom MRI was contraindicated were excluded

from the study.

Neurologic evaluations were conducted at the

department of emergency medicine by neurosur-

geons or orthopaedic surgeons, followed by eval-

uation by physiatrists six months after the injury.

Injured spinal cord neurologic status was eval-

uated at the neurologic level by ASIA classifica-

tion and by using ASIA motor and sensory scores

according to International Standards for the

Neurologic and Functional Classification of Spinal

Cord Injury Patients.12 ASIA motor and sensory

scores were used to determine the motor ratio and

sensory ratio, which minimizes ceiling effect in

patients with different neurologic levels. We then

used these indices to objectively compare neuro-

logic changes below the level of injury. Motor

ratio and sensory ratio were defined as follows:

Motor ratio (%)=(ASIA motor score below the

neurologic level/Maximal ASIA motor score

below the neurologic level)×100

Sensory ratio (%)=(ASIA sensory score below

the neurologic level/Maximal ASIA sensory

score below the neurologic level) × 100

Maximal ASIA motor score and sensory score

below the neurologic level were defined as the

ASIA motor (or sensory) score below the neuro-

logic level; this can be obtained when the motor

or sensory system was intact below the neurologic

level. Thus, this score was different in subjects

with the different neurologic level and was higher

in patients with a higher neurologic level.

We also calculated the recovery rates of the

motor and sensory ratios to compare the degree

of improvement of the motor and sensory ratios

based on the methods of Lucas and Ducker.
33
The

recovery rates were calculated as follows: [motor

or sensory ratio (%) at follow-up-initial motor or

sensory ratio (%)]/[100-initial motor or sensory

ratio (%)] × 100.
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MRI studies were undertaken within 7 days of

injury in the acute stage. All scans were obtained

at 1.5 T using sagittal and targeted axial T1 and

T2-weighted sequences. A neuroradiologist who

was blinded to clinical details reviewed all MRI

data. Individual cases were classified by MRI in

terms of lesion pattern and extent. Initially, we

modified patterns described by Kulkarni17 by

adding a transection type (previously described

by Flanders et al.3). The criteria used to define

these types were based on alterations in the

sagittal intensity of the spinal cord as detected by

T1 and T2-WI sequences with respect to the time

elapsed since trauma. These criteria were as

follows: Type I pattern (hemorrhagic type): the

spinal cord on T1-WI is heterogeneous within the

first 72 hours following trauma; on T2-WI, a large

central area of low signal intensity surrounded by

a thin, high intensity peripheral ring is visible.

Seventy-two hours to one week after the injury,

the spinal cord showed hyperintensity on T1 and

T2-WI. Type II pattern (edematous type): normal

image on T1-WI with high signal intensity on

T2-WI. Type III pattern (mixed type): normal

image on T1, but the spinal cord presents with a

small central isointense area and a thick, high-

intensity peripheral ring on T2. Type IV pattern

(transaction type): sagittal discontinuity of the

spinal cord. Kulkarni's classification was proved

using an animal study.34 Ohta et al.34 reported on

an experimental study conducted to evaluate MRI

signal changes within injured cervical cords in

rats. They observed a low T2 spinal cord signal

soon after the injury (reflecting hemorrhage) and

low T1/high T2 during the subacute to chronic

period (indicating the presence of edema).

Secondly, according to lesion extent, cases were

allocated to group I or group II. Cases were

allocated to group I when one or two segments

showed altered lesion intensity and to group II,

when three or more segments showed altered

lesion intensity.

We compared motor ratio and sensory ratio

with respect to MRI pattern and extent using the

Student's t-test. Initial neurologic levels were com-

pared using the Mann-Whitney test. We com-

pared the six-month follow-up motor and sensory

ratios with the initial ratios using a paired t-test.

The neurologic levels were compared using the

Wilcoxon Signed Ranks test for non-parametric,

paired data. The recovery rates of the motor and

sensory ratios from the initial evaluation to the

six-month follow-up between the groups were

compared using the Student's t-test. Univariate

ANOVA was used to compare the recovery rate

of motor ratio and sensory ratio, according to the

MRI pattern and extent, without effects of age.

Statistical significance was defined as p < 0.05.

RESULTS

Initial neurologic status and MRI findings

The initial neurologic levels in the 30 patients

were as follows: C2, one patient; C3, five patients;

C4, twelve patients; C5, seven patients; C6, two

patients; C7, one patient; T1, two patients. Ac-

Table 1. Distribution of Initial Neurologic Level and ASIA Classification

No. of cases

A B C D E

C2 1 0 0 0 0

C3 5 0 0 0 0

C4 7 2 2 1 0

C5 5 1 0 1 0

C6 1 0 1 0 0

C7 1 0 0 0 0

C8 0 0 0 0 0

T1 2 0 0 0 0

ASIA classification: american spinal injury association.



Table 2. Additional MRI Findings

Findings No. of cases

Cord enlargement 4

Bony fragments 6

Disc herniation 7

Posterior ligament lesion 9

Extradural hematoma 2

Table 3. Comparison of Neurologic Level According to
MRI Pattern

Edematous type Mixed type

Worse 0 0

No change 8 9

One-level improvement 1 4

Two-level improvement 4 1

Three- or more level
improvement

2 0

Data are number of cases.
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cording to ASIA classification, 22 were ASIA A, 3

were ASIA B, 3 were ASIA C, and 2 were ASIA

D (Table 1).

The frequency of MRI patterns were as follows:

type I (hemorrhagic type), not found; type II

(edematous type), found in 15 patients; type III

(mixed type), found in 14 patients; type IV (tran-

section type), found in 1 patient. Based on MRI

lesion extent, 13 patients fit into group I (below

and two segments) and 16 patients fit into group

II (above and three segments). A patient with

transection could not be classified according to

lesion extent and was excluded. Additional MRI

findings are described in Table 2.

Neurologic recovery according to the MRI

pattern

No patients of pure hemorrhagic type were

observed. Only one patient was classified as

transection type. Therefore, we compared the ed-

ematous and mixed types. Initially, no significant

difference in neurologic level was found between

the edematous and mixed type groups. Six

months after injury, we did not find any cases that

had worsened. The follow-up neurologic level had

significantly improved compared to the initial

neurologic level in both groups (p<0.05) (Table 3).

In the edematous type patients, the neurologic

level tended to improve more than in mixed type

patients, but this difference was not significant

(Table 3).

The mean motor ratio of the edematous type

patients tended to be higher than those of the

mixed type, and the mean sensory ratio of the

edematous type was significantly higher than that

of the mixed type at the initial evaluation. After

six months, the mean motor ratio improved from

13.45% to 35.10% in the edematous type patients

and from 4.12% to 6.35% in the mixed type

patients (both were statistically significant, p <

0.05) (Table 4). Also, the mean sensory ratio signi-

ficantly improved, increasing from 19.95% to

50.27% in patients of edematous type and from

7.27% to 17.14% in patients of mixed type (p <

0.05) (Table 4). The recovery rates of the motor

and sensory ratios are shown in Fig. 1; these were

significantly higher in edematous type patients

than in mixed type patients (p < 0.05) (Fig. 1).

Univariate ANOVA using age as a covariate

showed a significant difference in motor recovery

Table 4. Comparison of Motor and Sensory Ratio According to MRI Pattern

Initial Follow-up

Motor ratio

Edematous type 13.45±19.28 35.10±24.91*

Mixed type 4.12±6.05 6.35±8.12*,

Sensory ratio

Edematous type 19.95±21.05 50.27±24.06*

Mixed type 7.27±7.87 17.14±17.39*,

Values are percentage (mean ± S.D).

*p < 0.05 (vs. initial), p < 0.05 (vs. edematous type), Follow up: after six months.
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rate between the groups (F=22.3, p < 0.01). The

same ANOVA showed a trend of difference in

sensory recovery rate between the two groups

(F=4.0, p=0.06). In the case with transaction, no

changes were found at the neurologic level, while

the recovery rates of the motor and sensory ratios

were 2.25% and 2.25%, respectively.

Neurologic recovery according to lesion extent

by MRI

At the initial evaluation, no significant differ-

ences were observed between the neurologic

levels of the two groups. The six-month follow-up

neurologic level improved significantly compared

to the initial neurologic level in both groups (p <

0.05) (Table 5). In group I (one or two segments

involved), the neurologic level had improved

more than in group II (more than two segments

involved), but this was not significant (Table 5).

The mean motor and sensory ratios of patients

in group I tended to be higher than those of

patients in group II at the initial evaluation;

however, this was not significant. The mean mo-

tor ratio at the follow-up evaluation significantly

improved compared to the initial evaluation,

increasing from 13.92% to 33.18% in group I and

from 4.91% to 11.50% in group II (p < 0.05) (Table

6). The mean sensory ratio also improved over the

same period, increasing from 18.74% to 47.02% in

group I and from 9.84% to 23.92% in group II (p

< 0.05) (Table 6). The recovery rates of the motor

and sensory ratios are shown in Fig. 2. The re-

covery rates of the motor and sensory ratios were

significantly higher in group I than in group II (p

< 0.05) (Fig. 2). Univariate ANOVA with age as

covariate showed a significant difference in motor

recovery rates between the two groups (F=5.3 p <

0.05) and showed a trend of difference in sensory

recovery rate between the groups (F=3.1, p=0.09).

Fig. 1. Comparison of recovery rate of motor ratio and
sensory ratio between edematous type and mixed type.
The recovery rate of motor ratio and sensory ratio was
significantly higher in the edematous type than in the
mixed type (p < 0.05).

Table 5. Changes in Neurologic Levels According to the Lesion Extent by MRI

Group I Group II

Worse 0 0

No change 6 11

One-level improvement 2 3

Two-level improvement 3 2

Three- or more level improvement 2 0

Datas are number of cases.

Group I: cases with altered intensity at one or two segments.

Group II: cases with altered intensity at more than two segments.

Fig. 2. Comparison of recovery rate of motor ratio and
sensory ratio between groups. We classified as group I,
when the alteration of intensity lies at one or two
segments, and more than two segments as group II
according to extent of lesion. The recovery rate of motor
and sensory ratio was significantly higher in group I than
in group II (p < 0.05).
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DISCUSSION

Restoration of neurologic function may be the

result of the resolution of acute injuries such as

hemorrhages or secondary injury processes such

as ischemia, edema, or inflammation or the result

of nervous tissue regrowth or regeneration.35 In

addition, the recovery of neurologic function after

SCI may occur at different anatomical structures.

With respect to this anatomic basis of clinical

recovery, neurologic recovery after SCI may be

the result of nerve root regeneration at the level

of the injury or of recovery of the spinal cord

itself. In the latter case, cord recovery may be the

basis for improved function of caudal structures

innervated by long tracts at the injury site.32

Many studies have used the Frankel or ASIA

classification, motor and sensory index scores, or

ASIA motor and sensory scores to determine

neurologic outcome.22,24,26,30 However, the Frankel

classification and ASIA classification are inappro-

priate and crude and do not allow the detection

of minimal neurologic changes. Motor and sen-

sory index scores and ASIA motor and sensory

scores contain all of the neurologic status around

and below the neurologic level. Also, because

spinal cord injuries occur at different levels,

neurologic recovery following spinal cord injury

cannot be measured exactly using the ASIA motor

and sensory scores (which are faulty because of a

ceiling effect). So, these are inappropriate for

measuring neurologic recovery below the injured

level, especially in spinal cord injury patients with

injuries at different initial levels. For these reas-

ons, we modified and used the motor and sensory

ratios, which provide a quantitative measure of

neurologic recovery below the injured spinal cord

level in patients with different initial neurologic

levels. In the present study, we quantitatively

determined neurologic recovery below the injury

level based on MRI findings.

Motor ratio and sensory ratio-measures of neu-

rologic status below the injured level-improved by

a significantly greater amount in edematous type

patients than in mixed type patients; this also

occurred to a significantly greater degree in group

I than in group II. Our results agree with previous

studies in terms of neurologic recovery with

respect to MRI signal changes,3,22,25-31 and in terms

of the closeness of the relationship between lesion

extent and neurologic recovery.3,29,30

However, previous studies have not found

neurologic recovery in patients with hemorrhage

by MRI.15-17 In Ramon's retrospective study,28

patients with a hemorrhagic spinal cord injury

showed complete spinal cord injury at admission;

no patients showed neurologic changes at dis-

charge or during follow-up. However, patients of

edematous type showed incomplete spinal cord

injury at admission and experienced favorable

outcomes (ASIA D or E) at the final evaluation.

In our study, we found significant neurologic re-

covery despite hemorrhage. Other researchers23,30,

31,36 concur: for example, Seldon et al.30 studied the

relationship between emergency MRI findings and

prognosis and reported that three of these patients

(14%) experienced functional motor recovery. Dis-

crepancies between studies are probably due to

differences in the timing of the MRI. An edemat-

ous or mixed type diagnosis after spinal cord

Table 6. Comparison of Motor Ratio and Sensory Ratio According to the Lesion Extent by MRI

Initial Follow-up

Motor ratio

Group I 13.92±20.90 33.18±26.28*

Group II 4.91±5.69 1 1.50±16.07*,

Sensory ratio

Group I 18.74±22.07 47.02±28.50*

Group II 9.84±10.84 23.92±20.68*,

Values are percentage (mean±S.D.).

*p < 0.05 (vs. initial), p < 0.05 (vs. group I), Follow-up: after six months.

Group I: cases with altered intensity at one or two segments.

Group II: cases with altered intensity at more than two segments.
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injury was based on the existence or non-existence

of hemorrhage. Consequently, prognosis is poorer

in hemorrhagic cases, though a minimal recovery

may be expected.

Interestingly, we found that the MRI pattern

and lesion extent may influence neurologic re-

covery below the injury level, but not around the

injury level. In our study, we could not find any

difference in neurologic level improvement

between the edematous and mixed type groups,

nor between groups I and II. We found that the

more central area of the injured spinal cord was

more involved, regardless of the MRI pattern and

extent. This finding agreed with Silberstein and

Hennessy's report.20 They studied sequential

changes in the spinal cord using early and follow-

up MRIs after spinal cord injury. In their study,

5 of the 6 patients with cord contusion and a

patient with a cord haematoma subsequently de-

veloped small, well defined cysts at the central

area of the original abnormal site. Of the 5

patients with cord edema, 3 developed focal areas

of myelomalacia located at the center of the

original MRI abnormality. We suspect that

medially placed fibers were more involved at

initial injury regardless of initial MRI findings,

possibly resulting in no observable significant

difference in neurologic improvement around the

injured level. On the other hand, improvement of

injuries to more laterally placed fibers, that is,

recovery below the neurologic level, may depend

on the MRI pattern and extent. We suspected

another possible mechanism to explain this. The

recovery around the injured level may not depend

on the changes in spinal cord itself, but on

changes in the surrounding anatomical structures,

such as nerve root. However, the pathophysio-

logical mechanism remains to be established.

Further studies on these issues are required.

No purely hemorrhagic MRI patterns, as has

been described by several authors,4,5 were found

in the present study. All cord hemorrhages in the

present study were associated with surrounding

edema. Moreover, Selden et al.30 reported that

MRIs of the human spinal cord immediately after

injury showed spinal cord edema in 98% of

patients. Also, Weirich,37 who described histologic

changes in rat spinal cord injuries, reported that

surrounding edema was found whenever hemor-

rhage was observed. They dropped a variety of

masses on to rat spinal cords and observed micro-

scopic histologic changes. The heavier mass was,

the larger the hemorrhagic area was. They found

that hemorrhage was followed by necrosis and

eventual cavitation in the region involved. They

also found that edema was a result of vascular

endothelial cell lining disruption. This damaged

endothelium then allowed the passage of protein-

rich plasma filtrate into the extracellular space,

creating a perivascualar edema. As a result,

myelin degeneration accompanied cord edema as

spinal cord flow failed. Considering the inflam-

matory process involved, we are of the opinion

that a hemorrhagic process without surrounding

edema is unlikely. This is borne out by the results

of the present study, i.e. hemorrhage was always

accompanied surrounding edema and no pure

hemorrhagic types were observed. We suspect

that this finding was due to the fact that MRIs

were taken before edema had resolved.

This study has some limitations. First, the eval-

uators who assessed the initial neurologic status

were different from those who evaluated it six

months later. Inaccurate evaluation of neurologic

status can be evoked. To minimize this error, the

injured spinal cord neurologic status was eval-

uated using the most popular and well-known

assessment. This assessment was based on the

International Standards for the Neurologic and

Functional Classification of Spinal Cord Injury

Patients.12 In addition, the blind exam by another

evaluator at follow-up can reduce error. Second,

we did not consider other factors which may

influence neurologic recovery. We analyzed the

effect of age on motor and sensory recovery below

the neurologic level according to the MRI findings

using univariate ANOVA. But, the effect of age on

motor recovery rate according to MRI pattern and

extent was not significant. However, we can find

effects of age on sensory recovery rate. So, further

studies considering the many potential factors

which can influence the recovery and the MRI

findings will be needed.

In conclusion, early MRI after spinal cord injury

may provide additional important information to

help predict neurologic recovery. In patients with

spinal cord injuries, early MRI findings, such as

the presence of hemorrhage and the extent of the
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lesion, may be very useful for predicting the neu-

rologic prognosis. Neurologic recovery below the

injured level may be more predictable than

recovery around the injured level.
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