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MR Imaging of Acute Spinal 
Cord Trauma 

5 

The thoracic spinal cords of five mongrel dogs were imaged with a 1.5 T MR scanner 
before and after trauma induced by a well -established method of spinal cord impaction 
that produces central cord hemorrhagic necrosis. The anesthetized dogs were studied 
acutely with a 5-in. circular surface coil, 12-cm field of view, sagittal and axial partial
saturation (TR = 600, TE = 25 msec) and spin-echo (TR = 2000, TE = 25-100 msec) 
techniques. One normal dog was used as a control. The cords were surgically removed 
and histologically examined. Direct correlation of the pathologic findings and imaging 
data showed that at the level of trauma there was obliteration of epidural fat and CSF 
spaces secondary to central cord hemorrhage and edema. The traumatized cords 
expanded to fill the bony canal, and there was loss of visualization of the internal 
anatomy of the cord (gray- and white-matter structures). We conclude that MR can 
accurately identify cord hemorrhage and edema within a few hours of spinal trauma. 

Each year in the United States there are approximately 10,000 new cases of 
traumatic spinal cord injuries. The majority of these occur in young people. The 
imaging techniques currently used to diagnose spinal cord injury include plain 
radiographs, tomography, CT, and myelography [1-3]. Unfortunately, these tech
niques usually provide only indirect evidence of spinal cord injury, such as status 
of the vertebral alignment, presence and location of osseous fracture fragments 
relative to the spinal canal , overall dimension and configuration of the spinal cord, 
and patency of the spinal subarachnoid space. Occasionally, after metrizamide 
myelography, metrizamide can be seen penetrating the cord [2]. Cord edema can 
also be detected as focal enlargement. None of these techniques provides a direct 
image of the nature or extent of cord damage, since the internal anatomy of the 
spinal cord cannot be visualized. Thus, evaluation must be primarily clinical rather 
than radiographic. Therapy is limited to systemic corticosteroids, preventive posi
tioning (traction), and surgical decompression for spinal cord compression or 
hemorrhage. 

The lack of a noninvasive examination to evaluate the extent and type of spinal 
cord trauma has forced reliance on animal autopsy studies or follow-up physiologic 
testing to study the effects of spinal cord trauma [4]. Evaluation of treatment has 
also been hindered since there are no accurate radiologic tests to predict the extent 
of injury. 

MR has been shown to be an excellent technique for identifying a wide range of 
abnormalities of the spinal cord, including syrinx, neoplasm, hemorrhage, edema, 
and congenital anomalies [5, 6]. This study was designed to evaluate the utility of 
MR in identifying the presence and extent of acute spinal cord trauma in dogs. 

Materials and Methods 

Five mongrel dogs ranging in weight from 4.5-11.3 kg (mean , 7.8 kg) were used for this 
study. Each dog was initially anesthetized with chloralose (5 mgjkg) and urethane (35 mgj 
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Fig. 1.-A, Normal sagittal spine, prelaminectomy. Spinal cord (straight 
white arrows) is seen on this localizer 5-mm-thick sagittal partial-saturation 
TR = 600, TE = 25 msec image. Note fat planes between spinous processes 
(black arrows) and epidural fat surrounding nerve root (white curved 
arrow). 

B, Normal histology of thoracic cord. Two histologic axial sections of 
mid-thoracic spinal cord. Left-hand section is stained with Hand E. Right
hand section is stained for myelin with Luxol Fast Blue and for cell bodies 
with Cresyl echt violet. Labeled structures include anterior spinal artery 
(asa), anterior median fissure (amf), central canal (cc), arachnoid mem
brane (a), dorsal funiculus (df), dorsal horn (dh), dorsal root entry zone 
(drez), lateral funiculus (If), ventral horn (vh), lateral horn (Ih), and ventral 
funiculus (vf). 

kg) 2dministered intravenously with supplemental doses given to 
maintain deep anesthesia for the duration of the experiment. This 
anesthesia has been shown to induce no changes (such as edema) 
in the central nervous system [7]. After sedation, the first (control) 
dog was imaged with a 1.5-T General Electric MR imaging system. 
A prototype receive-transmit 5-in .-diameter circular surface coil was 
placed under the dog's spine and centered at the midthoracic level. 
Sagittal 5-mm localizing partial saturation (TR = 600, TE = 25 msec) 
images were made with a field of view of 12 cm (Fig. 1). Axial 5-mm 
spin-echo images were obtained with a TR of 2000 msec, two 
averages, TEs of 25, 50, 75, 100 msec, and a pixel matrix of 128 x 
256. Partial-saturation images with TR = 600 and TE = 25 msec 

B 

E 

C, Outer surface of thoracic spinal cord (long white arrows) is seen on 
this axial partial-saturation TR = 600, TE = 25 msec image. Lower signal 
intensity CSF (black arrows) is interposed between cord and intense 
epidural fat. Low-intensity lamina (open white arrows) are labeled. 

D, We suspect that gray matter is seen as an intermediate-intensity 
circle (curved arrows) with a central vertical cleft (open arrowhead) on this 
axial spin-echo TR = 2000, TE = 25 msec image. Epidural fat is seen as 
two high-signal crescents. Cortical bone adjacent to epidural fat is low
signal, while marrow spaces, such as in transverse process (long thin 
arrow) are intense. An epidural vein (thick arrow) in anterior canal is also 
visible. 

E, High-signal CSF ring (solid white arrows) about spinal cord remains 
intense on this axial TR = 2000, TE = 100 msec spin-echo image. Open 
white arrow is directed toward central cord. 

were also made with a matrix of 256 x 256 (Fig . 1). The same 
techniques were used for each imaging sequence. 

A single-level laminectomy was then performed at approximately 
the sixth thoracic level. The epidural fat was aspirated by suction to 
expose the dura. Care was taken not to injure the spinal cord , and 
the surgical site was packed with dressings to ensure hemostasis. 
The dog was returned to the MR facility and imaged 2 and 4 hr after 
laminectomy using the previous techniques. After the surgical site 
was recognized by a sagittal localizing image (Fig. 2A), the region of 
laminectomy was imaged in the identical axial fashion as presurgically 
(Fig . 28). 

The next four dogs were studied postlaminectomy, pretrauma to 
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Fig. 2.-A, Postlaminectomy, pretrauma. Surgical site 
(open arrows) is seen on this axial TR = 600, TE = 25 msec 
partial-saturation sagittal image. Distortion of posterior ele
ments by surgery and packing is seen. Spinal cord (solid 
arrows) is unaffected. 

B, This 5-mm-thick TR = 2000, TE = 25 msec axial image 
obtained after laminectomy (black arrowheads), pretrauma, 
shows that internal anatomy of cord is unchanged. The ap
parent central cleft of spinal cord is still visible (open white 
arrow). 

A 

provide another control set of images. The dogs were returned to 
the laboratory for spinal cord injury using the classical weight-drop 
technique described by Allen [8]. A 20-g weight was dropped 20 cm 
down a vented tube onto the exposed dura. The tube was held in a 
stereotaxic device that was positioned over the spinal cord. The T5 
and T7 spinous processes were secured to a spinal frame to reduce 
movement of the spinal cord due to respiration during the impact. 
This type of injury to the spinal cord produces profound functional 
deficits in dogs [9]. The dogs were subsequently imaged 2-4 hr after 
spinal cord injury. The control dog and the first dog with spinal cord 
injury were sacrificed by anesthetic overdose, and the region of the 
spinal cord studied by MR was removed and immersion-fixed in 10% 
formalin. The other three dogs were sacrificed by intracardiac perfu
sion with saline followed by 10% formalin 4-5 hr posttrauma. The 
spinal cords were surgically removed and placed in 10% formalin for 
2-5 weeks. All cords were embedded in paraffin, sectioned at 20 Ilm 

intervals, and every 10th and 11 th section through the lesion was 
stained for Nissl and Luxol Fast Blue or Hand E, respectively. 
Representative sections of the lesion were drawn and compared with 
the MR images (Figs. 1 and 3). 

Results 

In normal dogs the spinal cord measurement varies with 
the dog's size. The outer dimensions of all normal spinal 
cords at the midthoracic level were between 4-5 mm in 
diameter (Fig. 1). The gray-matter structures span a total 
diameter of 2.5 mm and form a "butterfly" shape within the 
central cord. 

The control dog's spinal cord before surgery and without 
trauma (Fig. 1) almost filled the dural sac. The sagittal and 
axial partial-saturation TR = 600, TE = 25 msec images 
showed the outer margins of the intermediate signal thoracic 
cord outlined by low-signal-intensity CSF. The epidural fat 
was most intense. The axial spin-echo images were more 
informative, since the internal anatomy of the spinal cord 
could be identified (Fig. 1 D and 1 E). A "butterfly" shaped 
region conforming to the gray-matter structures was visible 
on the axial spin-echo (TR = 2000, TE = 25 msec) images 

B 

(Fig. 1 D). The epidural fat and bone marrow were seen as 
high-signal regions about the subarachnoid space on the short 
TE spin-echo and partial-saturation images (25 msec) (Fig . 
1 C and 1 D). The later spin-echo images (TE = 75 and 100 
msec, TR = 2000 msec) demonstrated a high-signal "donut" 
appearance of the CSF (Fig. 1 E). 

A number of imaging aberrations can occur with MR that 
are not seen with CT. We have seen apparent clefts in small 
solid phantoms probably related to Fourier transformation 
artifacts. These types of changes are more visible in the 
phase-encoding axis when the matrix is 128 compared with 
the 256 matrix frequency-encoded axis. Because of this, it is 
possible that some of the findings related to the internal 
anatomy of the spinal cord are partially artifactual. 

The surgical site was visible because the normal posterior 
elements and epidural fat were absent and replaced with 
amorphous packing material (Fig. 2). The packing had a high 
intensity on the TR = 2000, TE = 75,100 msec spin-echo 
images. After laminectomy, the spinal cord structures did not 
change in appearance. The anatomic findings , such as the 
visualization of the outer margin and the central gray matter 
of the spinal cord (Fig. 2B), were stable. The second series 
of images, done 4 hr after laminectomy on the control dog 
without trauma, did not change and neither did the postlami
nectomy, pretrauma findings in the other group of dogs. 

The histologic evaluation of the traumatized spinal cords 
showed petechial hemorrhage in the white matter (Fig . 3) as 
well as central hemorrhagic necrosis. The MR findings of the 
spine after trauma were similar for each traumatized dog. 
Above and below the laminectomy-trauma site the spinal 
structures were unaffected. At the level of the laminectomy 
and trauma, there was near complete obliteration of the CSF 
and epidural spaces, and internal and external anatomy of 
the normal spinal cord were not visible. The spinal canal itself 
was seen to be filled with a slightly inhomogeneous soft
tissue intensity. Axial views were essential to recognize these 
changes since they could not be seen on sagittal sections. 
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A 

B c 
Fig, 3.-A, Posttrauma histology of cord. Central hemorrhagic necrosis 

and initial cavity formation are seen on this axial histologic section, Pete
chial hemorrhages (arrows) may be observed in white matter in Hand E 
stained section (left). The integrity of white matter at this early time 
posttrauma (4 hr) is seen in the Luxol Fast Blue/Nissl-stained section 
(right), 

B, Same thoracic level as in A is shown here using an axial partial
saturation technique (TR = 600, TE = 25 msec). Note that normal CSF 

Discussion 

Th~re is currently no adequate imaging technique that 
directly evaluates spinal cord trauma. If a noninvasive exam
ination were available, earlier diagnosis of a significant cord 
injury would be possible. This could have a significant impact 
on patient care, since appropriate intervention could follow 
without exposing the patient to the delays, risks, and compli
cations associated with myelography or other radiographic 
procedures. Frequently, there is a discrepancy between the 
radiographic and clinical findings , so that treatment must be 
monitored by symptom status rather than radiographic find
ings. This study was performed to determine whether MR 
can be used to evaluate patients with acute traumatic spinal 
cord injury. 

spaces and spinal cord structures cannot be identified within spinal canal 
(solid arrows). Small central low-signal area (open arrow) may correspond 
to necrosis. 

C, Posttrauma MR images. Same dog as in A and B, this axial spin-echo 
image shows obliteration of normal epidural, CSF spaces, and internal 
cord anatomy (TR = 2000, TE = 25 msec), Note slightly inhomogeneous 
appearance of contents of spinal canal (large arrows). Surgical site is 
marked by small arrows. 

Laboratory studies of dogs and primates have shown that 
damage to the spinal cord after impaction trauma is similar to 
that seen in humans [4, 8, 10-14]. This type of cord injury 
simulates cord contusions such as those seen in crush injuries 
following diving or motor vehicle accidents. 

The histologic and gross findings of acute blunt injury are 
characteristic in both humans and dogs. The extent of the 
injury depends on the amount of force of the trauma. Hem
orrhage and edema within the central cord occur at the level 
of impact [7, 15, 16] and persists. Vascular disruption results 
in petechial hemorrhages, reduction in blood flow, and alter
ation of the blood-brain barrier [12, 17-19]. The spinal cord 
swells at the trauma site and can extrude through a defect in 
the dura, if the dura is torn. A football-shaped cavitation within 
the cord is seen [14, 20]. Central necrosis of the cord follows 
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over a period of hours to days [10, 20]. Degeneration of the 
white-matter tracts continues over a period of weeks [11-14] 

The correlation between our MR results and the pathologic 
findings were good. Before trauma we were able to confi
dently visualize all the major structures within and about the 
spinal cord, even though they measured only a few millimeters 
in size. A series of concentric circles of diminishing diameter 
related to the cortical bone, epidural fat, CSF, and the cord 
structures were seen (Fig. 1). A combination of section planes 
and pulse-sequence techniques was needed for complete 
evaluation of the cord. The sagittal partial-saturation images 
were adequate for localizing the level of laminectomy but 
were not adequate to identify the spinal cord trauma. This is 
related primarily to the effects of partial volume averaging, 
since the voxels are filled by multiple tissues rather that just 
a single one. The axial sections are oriented so that the voxels 
are parallel to the spinal cord, epidural fat, and CSF. The 
partial-saturation images best demonstrated the relation of 
the CSF spaces to the outer surface of the cord on the axial 
sections. 

On the axial spin-echo images (TR = 2000, TE = 25-100 
msec) the outer contour of the spinal cord could not be seen 
well. The white-matter tracts have a lower proton density 
than the gray-matter structures [21]. This is similar to what 
is seen intracranially, where the white-matter tracts are of 
lower signal intensity than the gray-matter structures. The 
first echo (25 msec) clearly demonstrated the central gray 
matter of the cord , An oval region measuring about 2.5 mm 
in diameter with a central fissure was seen (Fig . 1 D). 

Following trauma, all the landmarks seen on the normal 
studies were absent (Figs. 3 and 4). We believe that these 
findings are secondary to expansion of the cord, which dis
places the epidural fat and CSF from the spinal canal at the 
level of trauma. The edema and hemorrhage within the cord 
distorted the normal tracts so that they were not visible. The 
slightly inhomogeneous appearance to the spinal canal con-

Fig. 4,-Posttrauma epidural distortion. This axial partial-saturation TR 
= 600, TE = 25 msec image from another postlaminectomy, posttrauma 
dog shows asymmetric epidural fat (normal side, curved arrow; pathologic 
side, straight arrow). Vertebral body (VB) and surgical site (black arrow
heads) are labeled. 

tents was probably related to the varying foci of hemorrhage 
and injured cord. The pixel size of 0.47 x 0.94 mm ap
proaches the size of the individual hemorrhages (Fig. 3A). 
Acute hemorrhage usually has a signal similar to normal neural 
tissues at lower field strengths [22]. At higher field strengths 
acute hemorrhage may show a decreased signal [23]; how
ever, subacute hemorrhage is usually quite intense on most 
pulse sequences. A dark halo can be seen at the periphery 
of chronic hemorrhage. 
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