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Abstract The objective of this study was to describe

clinical and radiological features of a series of patients

presenting with Brown-Sequard syndrome after blunt

spinal trauma and to determine whether a correlation exists

between cervical plain films, CT, MRI and the clinical

presentation and neurological outcome. A retrospective

review was done of the medical records and analysis of

clinical and radiological features of patients diagnosed of

BSS after blunt cervical spine trauma and admitted to our

hospital between 1995 and 2005. Ten patients were col-

lected for study, three with upper- and seven with lower-

cervical spine fracture. ASIA impairment scale and motor

score were determined on admission and at last follow-up

(6 months–9 years, mean 30 months). Patients with lower

cervical spine fracture presented with laminar fracture

ipsilateral to the side of cord injury in five out of six cases.

T2-weighted hyperintensity was present in seven patients

showing a close correlation with neurological deficit in

terms of side and level but not with the severity of motor

deficit. Patients with Brown-Sequard syndrome secondary

to blunt cervical spine injury commonly presented T2-

weighted hyperintensity in the clinically affected hemi-

cord. A close correlation was observed between these

signal changes in the MR studies and the neurologic level.

Effacement of the anterior cervical subarachnoid space was

present in all patients, standing as a highly sensitive but

very nonspecific finding. In the present study, craniocaudal

extent of T2-weighted hyperintensity of the cord failed to

demonstrate a positive correlation with neurological

impairment.

Keywords Brown-Sequard � Cervical spine trauma �
MRI � Prognosis � Spinal cord Injury

Introduction

The clinical presentation of Brown-Sequard syndrome

(BSS) includes ipsilateral weakness with contralateral loss

of pain and temperature sensation below the level of the

lesion. It is assumed that BSS is caused by cord hemisec-

tion resulting in disruption of the descending lateral corti-

cospinal tracts and the ascending lateral spinothalamic

tracts which cross within one or two levels of the dorsal

root entrance. BSS is most commonly caused by pene-

trating spinal trauma [21] whereas injuries caused by blunt

trauma are much less common [20]. Patients with BSS may

recover almost full motor function within 6 months of the

injury and prognosis for recovery seems better for patients

who have sustained a blunt rather than a penetrating trauma

[24].

Although, recent investigations correlate clinical and

radiological features in spinal cord injured patients [5, 9],

little is known about CT and MR characteristics of patients

with BSS after blunt spinal trauma.

The object of the present work is to describe the

radiological features of a series of ten patients presenting

with BSS after blunt spinal trauma and to determine
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whether a correlation exists between radiological charac-

teristics and the clinical presentation and neurological

outcome.

Materials and methods

We retrospectively reviewed data obtained from patients

presenting with BSS secondary to blunt cervical spinal

cord injury admitted to our hospital between 1995 and

2005. We selected 10 of the 12 patients in whom clinical

findings were consistent with BSS on admission. Two

patients were excluded from the study because radiological

studies were not available. Clinical characteristics are

summarized in Table 1. There were seven men and three

women. Mean age was 37.6 years (range 21–52 years).

Anteroposterior and lateral radiographs of the cervical

spine were obtained in every patient on admission. High

cervical fractures were classified as reviewed by Menezes

et al. [18]. Lower cervical spine fractures were classified as

described by Alen et al. [1]. Cervical CT scan was obtained

in every patient presenting with a cervical spine fracture.

Motor deficit was evaluated using the ASIA impairment

classification and the motor score [7]. The cervical spine

was also examined in every patient using a 1.5 Tesla

MR imager. In the sagittal and axial plane, T1- and

T2-weighted images were obtained. Additionally, gradient

echo sequences were obtained in the axial plane in five

patients. In one patient, T2-weighted images could not be

retrieved for the study. The type of fracture in plain films

and CT, and the areas of signal change in MR were com-

pared with the clinical features on admission and at last

follow-up. Nonparametric correlations (r Spearman) were

calculated using SPSS 12.0 software with a level of sig-

nificance set at a probability value of 0.05.

Results

Clinical characteristics are summarized in Table 1. Among

the ten patients, five were involved in motor vehicle

accidents, two pedestrians were knocked down by a car,

one sustained spinal injury while playing rugby, one while

diving, and one was victim of an assault. Three patients

sustained trauma to the upper cervical spine (odontoid type

III fracture, occipitoatlantal dislocation and miscellanous

C2 fracture) (Fig. 1). In the seven patients with lower

cervical spine injury, flexion and/or compression were the

mechanisms of injury in six cases (Fig. 2).

Three patients were classified as ASIA B, three as ASIA

C and four as ASIA D category on admission. The most

common motor level in the affected side at presentation

was C4. T
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Every patient with lower cervical spine fracture under-

went anterior decompression and fusion with no compli-

cations. Among patients with upper cervical spine injury,

two were managed conservatively with Philadelphia collar

and one underwent external reduction and immobilization

with halo brace.

Clinical follow-up ranged from 6 months to 9 years

(mean 30 months, median 9 months). At the last follow-up,

every patient had improved significantly compared to the

initial examination. Patients in ASIA grade D on admission

recovered complete or almost complete motor function,

while patients in ASIA grades B and C on admission

recovered incompletely from initial motor deficit.

Clinical impairment on admission significantly corre-

lated with ASIA and motor score at last follow-up (r > 0.8,

P < 0.05).

Radiological findings are summarized in Table 2. Uni-

lateral vertebral arch fracture ipsilateral to the side of the

hemiparesis was identified in the cervical CT scan in five of

the six patients with lower cervical spine fractures. Seven

patients presented with spinal cord abnormalities consist-

ing of an isointense signal on T1-weighted sequences and

hyperintensity on T2-weighted sequences.

Based on the timing of MR acquisition, this abnormality

cannot be related to a hemorrhagic lesion. Gradient echo

sequences in five patients confirmed the absence of hemor-

rhage in every case. This hyperintensity on T2-weighted

sequences is believed to be secondary to ischemia and/or

edema. The anatomic level of this edema correlated with the

neurologic level, although this correspondence was not

absolutely precise. The craniocaudal extent of edema did not

correlate with the degree of impairment on admission or at

last follow-up (r < 0.15, P > 0.7). The axial extent of the

edema was limited to the clinically affected hemicord in all

cases. Of the three patients with no spinal cord signs of

edema, one presented with an epidural hematoma at C2, one

displayed signs of cervical spondylosis more marked in the

side of hemiparesis, and one showed complete ligament

failure and laminar fracture ipsilateral to the motor deficit:

this was the case where T2-weighted sequences could not be

retrieved for study. Finally, all patients displayed efface-

ment of the anterior subarachnoid space in axial MR studies.

Discussion

Brown-Sequard described the classic syndrome of ipsilat-

eral hemiplegia and loss of propioceptive sensation with

contralateral loss of pain and temperature sensation fol-

lowing spinal cord hemisection [4]. This injury causes

Fig. 1 Images corresponding to

case number 1. Upper left Plain

lateral radiograph shows

odontoid type III fracture.

Upper right CT scan shows

extension of fracture into the

body of the axis. Lower left
Sagittal T2-weighted MRI

shows spinal cord

hyperintensity at C2 level.

Lower right Axial MRI depicts

the extension of spinal cord

hyperintensity limited to the left

hemicord
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disruption of the descending lateral corticospinal tracts, the

ascending dorsal columns (both of which decussate in the

medulla), and the ascending lateral spinothalamic tracts,

which cross within one or two levels of the dorsal root

entrance. Common causes of BSS include penetrating

trauma, syringomyelia, extramedullary spinal neoplasms

and blunt trauma, including disc herniation [11, 14, 20, 21].

Other causes include spinal cord herniation, viral myelitis,

or demyelinating disease [2, 5, 23, 25]. The most common

cause is by far penetrating trauma, while BSS secondary to

blunt injury is much less common [8, 20, 21].

Oller et al. described in 1991 a series of three cases of

blunt cervical spine injury presenting with BSS [20]. The

same year, Roth et al. reviewed the clinical features of 38

patients with traumatic cervical BSS: 22 injuries were

caused by road traffic accidents, 8 by penetrating injuries, 5

by diving injuries and 3 by other causes [24]. We are

unaware of further series focusing on BSS secondary to

blunt cervical spine injury.

Patients with BSS generally have a good prognosis for

neurological and functional improvement, and many re-

cover almost full motor function within 6 months of the

injury [16, 24]. Prognosis for recovery is usually better for

patients who have sustained a blunt rather than a pene-

trating injury [20, 24]. The pathogenesis of cord injury in

cases of blunt trauma may include vascular compromise,

compression by bone, disc or epidural hematoma, or lon-

gitudinal stretching of the cord.

Although, plain cervical spine radiographs and CT scan

play a major role in the initial management of spine-injured

patients and are extremely useful for detecting bony

abnormalities such as fracture or dislocation, MR images

are superior to depict the extent of injury to the spinal cord,

the surrounding soft tissues, the overall spinal alignment

and the damage of the intervertebral discs.

MR is therefore the technique of choice to evaluate the

nature of BSS [12, 19, 22]. Additionally, several prognostic

studies have shown a correlation between the degree of

traumatic spinal cord damage as depicted by MR and

neurological clinical presentation and outcome [3, 5, 6, 9,

13, 17, 26–28]. Some of these studies have focused on

particular clinical categories, such as central cord syn-

drome, or SCIWORA [5, 6, 13]. However, we have not

found previous series addressing the clinical and radio-

logical correlations in BSS patients after blunt cervical

spine injury. Isolated case reports provide scarce infor-

mation about this clinical entity [8, 15, 29].

Our findings enclose some interesting observations.

First, MR images showed obliteration of the anterior cer-

vical subarachnoid space at the level of the injury in all

patients. This anterior effacement constitutes a highly sen-

sitive radiological finding although very nonspecific at the

same time. Second, flexion and/or compression were

implicated in the mechanism of injury in six out of seven

lower fractures. This mechanism of injury has been previ-

ously related to BSS by other studies [10, 15, 29]. However,

Fig. 2 Images corresponding to

case number 7. Upper left Plain

lateral radiograph shows C5-C6

flexion-compression stage 3

fracture. Upper right CT scan

shows fracture of the right

lamina and through the body of

C5. Lower left Sagittal MRI

shows hyperintensity at the

body of C5 and cord

compression at C5-C6 without

signs of hemorrhage. Lower
right Axial T2-weighted MRI

depicts the extension of spinal

cord hyperintensity limited to

the right hemicord
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the high number of vertebral arch fractures observed in our

patients and the fact that these lesions are typically asso-

ciated with hyperextension injuries [1] points to the fact that

different lines of force follow one another at the moment of

trauma. Third, we found a close correlation between the

radiologically affected hemicord by edema and the motor

deficit on admission, which confirms a precise damage

underlying BSS, unlike centralcord syndrome [5]. In lower

cervical spine fractures, this selective damage is frequently

associated with the presence of ipsilateral laminar fracture,

observed in five out of six patients. Nevertheless, we failed

to demonstrate a positive correlation between the extent of

spinal cord edema and the severity of neurological

impairment either on admission or at last follow-up.

Our study also encloses several limitations. Most

importantly, the low number of cases precludes us from

taking definitive conclusions. However, many of the cor-

relations observed are relatively new, appear clinically

relevant and may deserve further research. Second, many

of the clinical and radiological data (motor impairment,

extent of signal changes in MR, type of fracture on plain

radiographs) are subjective, and therefore they are a po-

tential source of bias. Rating interobserver variability

would enhance the quality of our methodology. Third,

follow-up widely ranged from 6 months to 9 years. Since

clinical improvement takes place mainly in the first

6 months after injury, it would be ideal to extend follow-up

to at least 1 year.

Conclusions

Patients with BSS secondary to blunt cervical spine injury

in our series commonly presented T2-weighted hyperin-

tensity in the clinically affected hemicord. A close cor-

relation was observed between MR signal changes and

neurologic level. Patients with lower cervical spine frac-

ture presented laminar fracture ipsilateral to the side of

cord injury in five out of six cases. Effacement of the

anterior cervical subarachnoid space was present in all

patients, standing as a highly sensitive but very nonspe-

cific finding. In the present study, craniocaudal extent of

T2-weighted hyperintensity of the cord failed to demon-

strate a positive correlation with neurological impairment.

Further studies are necessary to confirm these preliminary

results.
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