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In an attempt to identify possible mechanisms for remote or non-contiguous
spinal injury, clinical records and magnetic resonance (MR) images were
analysed in 71 consecutive patients admitted for management of acute cervico-
thoracic spinal trauma. Seven patients (10% ) were identified with clinical or MR
evidence of non-contiguous spinal injury, and either more than one neurological
level, or a cord lesion remote from the imaging abnormality. Five of these had
radiographic and MRI findings suggesting that the second lesion was due to cord
stretching, following local tethering at the first level, including three patients
with a small extramedullary haematoma at the site of the distant cord lesion.
The other two patients had underlying multilevel degenerative spinal canal
stenosis, explaining the second cord lesion. Non-contiguous spinal injury is an
infrequent manifestation of acute spinal trauma, and, in contrast to most forms
of cord injury associated with spinal trauma, which are due to cord compression,

this entity may represent the sequel of cord stretching.
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Introduction

Following trauma to the spine, the resulting
spinal cord lesion, in patients with spinal
cord damage, usually occurs around the
point of impact, with spread over several
cord segments above and below this.! Infre-
quently in closed cord injuries, lesions may
be found at more than one level, with one
review estimating this number at 15% of all
cord injuries.” The cause of the remote
lesion has, in the past, been considered to
be the result of secondary or posttraumatic
circulatory disorders,® although there have
been no published clinical studies on this
topic.

Our objective was to attempt to identify
possible mechanisms for remote or non-
contiguous spinal cord injury using magnetic
resonance (MR) imaging in symptomatic
patients.

Materials and methods

The patients included in the study were
derived from acute admissions to our spinal

injuries unit between 1987 and 1993. For
inclusion, patients were required to have a
demonstrable cervical or thoracic neuro-
logical deficit following spinal trauma, ad-
mission to the Austin Hospital Spinal In-
juries Unit in Melbourne, Australia, and
MR imaging during initial hospital admis-
sion. Patients were excluded if they had had
spinal surgery in the 12 months following
injury or if MR images were not technically
satisfactory. Referral bias excluded two
patient groups: those in whom deficits were
well explained by plain film or CT findings
as, at the time, the indications for urgent
MR imaging at our institution related to
determination of the cause of an unex-
plained neurological deficit; and those who
were extremely ill or too unstable for MR
imaging.

Between 1987 and 1993, 71 patients were
referred for MR imaging for acute spinal
cord injury. At presentation, the patients
underwent clinical and radiological assess-
ments. Neurological assessment consisted of
determination of neurological level(s) and
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degree of neurological deficit. These assess-
ments were recorded with the pattern type
(transverse, anterior cord, central cord,
dorsal cord or Brown-Séquard) independent
of the radiological findings.

MR imaging was performed on a 0.3 T
resistive MR unit (B3000, Fonar, Melville,
New York) on 36 patients and on a 1.5T
superconducting MR unit (Magnetom 63,
Siemens, Erlangen, Germany) on 31 pa-
tients. Imaging parameters (imaging planes,
pulse sequences, slice thickness and slice
intervals) were based on accepted prac-
tices.* The spinal cord in each patient was
analysed for the presence of: transection—
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partial or complete discontinuity on sagittal
images; haematoma—focal high signal on
T1-weighted images or low signal on T2-
weighted images; contusion—focal high
signal on T2-weighted images; and
oedema—diffuse high signal on T2-
weighted images, based on the accepted
definitions described in the literature.® The
presence of bony injuries (fractures or dislo-
cations), ligament injury, disc protrusions
and extramedullary haemorrhage was also
recorded, based on accepted definitions.*
Non-contiguous spinal injury was defined
as the presence of either: more than one
demonstrable clinical neurological level of

Table I Clinical and imaging findings in patients with non-contiguous injuries

Number  Mechanism Imaging findings at Imaging findings at  Clinical findings
upper lesion lower lesion
1 Assault: stabbed CS: hemisection T1: focal cord Left sided
in neck left side of cord contusion with paralysis below
small posterior CS; bilateral
subdural anterior cord
haematoma syndrome in lower
limbs
2 Fall: extension C3: central cord CS: posterior cord  Bilateral limb
injury contusion with contusion with paralysis below
degenerative canal  degenerative canal  C4; bilateral
stenosis stenosis anaesthesia below
C7
3 Fall: extension C3: cord Cé6: cord Bilateral C3
injury contusion with contusion with anaesthesia;
degenerative canal  degenerative canal  central cord
stenosis stenosis syndrome below
C6
4 MVA: extension C2: small anterior ~ C4: normal cord Central cord
injury epidural with prevertebral syndrome below
haematoma swelling C4—complete
recovery
5 MVA: flexion T8: complete cord  L1: flexion type Transverse
injury transection fracture and complete
dislocation paraplegia below
T8
6 MVA: flexion T9: cord contusion  L2: burst fracture ~ Transverse
injury with small paraplegia below
posterior subdural T10
haematoma
7 Fall: vertical T11: cord L1: burst fracture Transverse motor
compress injury contusion with conus paraplegia below
haematoma T12. Perineal

anaesthesia
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deficit, where at least one cord segment
separated the two levels; or a cord lesion at
least one segment distant from the site of
pathology demonstrated with imaging.

Results

Of the 71 patients (56 cervical and 15
thoracolumbar injuries), seven (10%) had
clinical and MR evidence of non-contiguous
spinal injury, with more than one neuro-
logical or imaging level involved. Their
clinical and MR findings are presented in
Table I.

Three of these patients had MR evidence
of a small local area of extramedullary
haemorrhage in the absence of bone or disc
injury at one of the levels (patients 1, 4 and
6; Figures 1 and 2). A fourth (patient 7) also
had no evidence of a causative lesion for the
second spinal cord abnormality. Patient 5
had MR and radiographic evidence of a
catastrophic bony injury at one level, with
complete cord transection at a distant level
(Figure 3). The remaining two patients had
underlying degenerative cervical canal
stenosis at each of the two levels involved
(Figure 4).

Discussion

Prior to the introduction of MRI into the
investigation of patients with spinal injuries,
little was known about the specific spinal
cord pathology during life, with only limited
data available from postmortem studies.®
MRI has allowed categorisation of spinal
cord injury by pathological type’ and has
resulted in the demonstration of unsus-
pected spinal lesions.®

All seven patients in this series had
clinical features which could not be ex-
plained on the basis of standard radiographs
and computed tomography (CT). Whilst the
entity of spinal cord injury without bony
injury is well known, and in one large series
comprised 17% of all cases,” six of the seven
patients in this series had some form of bony
abnormality to explain some, although not
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Figure 1 Partial cord transection and distant
contusion (patient 1). Sagittal T2-weighted MR
image in a 19 year old female presenting with
left sided paralysis below C5 and bilateral mo-
tor paralysis in the lower limbs following a stab
wound to the neck. Note partial cord transec-
tion at CS (short arrowheads), and a small cord
contusion at C7-T1. A small high signal area,
indicating epidural haematoma is present
behind the cord at the lower level (arrow).

all, of the clinical findings. In these cases,
demonstration of more than one abnormal
level with MRI resulted in pathological
explanation of the clinical signs.

Why do patients with apparently only one
level of bony injury develop a distant cord
lesion? In two of the cases degenerative
spinal canal stenosis was present at multiple
levels, a recognised risk factor for spinal
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Figure2 Cord contusion several segments
above lumbar fracture (patient 6). Images of a
12 year old female presenting with paraplegia
below T10 following a motor vehicle accident.
(a) Sagittal T2-weighted MR image through
lumbar spine shows contusion of conus medul-
laris (arrowed) following a fracture through
posterosuperior aspect of L2 vertebral body.
(b) Sagittal image through lower thoracic spine
demonstrating cord contusion at T9 (arrowed).
Longer area of high signal above the contusion
is due to volume averaging from adjacent CSF
in the spinal canal. (c) Axial image at T9. Note
small posterior subdural haematoma.
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Figure 3 Complete thoracic cord transection
above a lumbar injury (patient 5). Sagittal T1-
weighted MR image through thoracolumbar
spine in a 26 year old male patient presenting
with paraplegia below T8 following a motor
vehicle accident resulting in a fracture/disloca-
tion at L1 (closed arrow). Note cord abnormal-
ity at T6 (open arrow), which on other images
was found to be due to cord transections.

cord injury, due to cord compression.!”
Jellinger? considers remote cord lesions to
represent the result of posttraumatic circu-
latory disorders. This was obviously not the
case in patient 5, where the fracture/disloca-
tion at L1 presumably tethered the conus at
this level, resulting in cord stretching ‘like a
string over a violin bridge’.!' Could this
have been the mechanism in other patients
in this series? In patient 1 who was stabbed
at C5, the knife may have locally tethered
the cord at this level, and with flexion,
resulted in cord stretching. The second
lesion below this was associated with local
disruption of small vessels and local sub-
dural haemorrhage (Fig 1). A similar
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mechanism may have applied in patient 6,
with tethering of the cauda equina by the L3
burst fracture, and the distant cord lesion at
T9 due to cord stretching, and marked by
local subdural haemorrhage (Fig 2). Patient
7 also had cord compression by a burst
fracture with a distant cord lesion. Whilst
there is undoubtedly local vascular compres-
sion at the site of bony injury, all of these
patients had small solitary distant cord
lesions, in contrast to patients with spinal
cord ischaemia, who usually have longer
segments of oedematous spinal cord.'?

Spinal cord stretching is a recognised
technique for the induction of experimental
cord injury,'? but is not usually considered
as the cause of most human spinal cord
injuries, which are thought to arise from
cord compression.? The cause of the spinal
cord lesion in patients without evidence of
bony injury is not clearly understood, al-
though in some cases it is considered to
represent the sequel of spinal cord ischae-
mia.'® It is conceivable that in some of these
cases, cord stretching may be the cause of
cord injury, in the absence of any demon-
strable cord compression.

Conclusions

Non-contiguous spinal injuries are uncom-
mon sequelae of spinal trauma. In this study
seven patients (10% of all cord injuries)
with this condition are described. In at least
four of these there was radiographic and
MRI evidence suggesting that the distant
lesion was the sequel of cord stretching,
including two patients who had small local
haemorrhages adjacent to the spinal cord at
the level of the second injury. Cord stretch-
ing is acknowledged as a technique for
induction of experimental spinal cord in-
jury, but has often not been considered in
the past as a potential mechanism for human
spinal cord injury.
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Figure 4 Separate cord contusions in multilevel canal stenosis (patient 2). Images of a 34 year old
male presenting with bilateral limb paralysis below C4 and bilateral anaesthesia below C7. (a)
Sagittal T2-weighted MR image through cervical spine demonstrates focal contusions at C3 and CS
associated with degenerative canal stenosis at both levels. (b) Sagittal T1-weighted image 6 months
later. Small posttraumatic cord cysts have developed at each level, indicating that the original
lesions were due to recent trauma (see reference 5).
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