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ABSTRACT

A rat model study was performed to evaluate the
effects of compression of the thoracic spinal cord.
Dorsal screw compression of the thoracic spinal cord
up to 50% canal diameter was created at T5 (Group
A), T5 and T11 (Group B), and T5 and T8 (Group C).
Clinical grading (Tarlov criteria), sensory evoked and
motor evoked potentials, horse raddish peroxidase
neural transport, and microangiography were studied.
Single level compression had little effect. For double
compression, there were marked detrimental effects
both clinically and electrophysiologically, especially
when the compression was close together. Neutral
transport was affected in all groups, but the difference
was not significant between them.
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that multiple compression has a much worse prognosis
than a single level one. Posterior compression was
studied by Schramm3. However, the compression was
applied at the level of the cauda equina and therefore
it was uncertain whether it was the cord or the roots
that were compressed or a combination of both.

Multiple level posterior compression of the spinal
cord, at the critical thoracic level has not been studied.
In particular, the effect of the separation distance
between the two compression sites is unknown. This
experiment was carried out to address these issues.

MATERIALS AND METHODS

Female Wistar SD rats of 350–400 g (average 372 g)
were used in this experiment. Compression of the
spinal cord using Hashimoto’s method1 was carried
out as follows.

The rats were anaesthetised with intra-peritoneal
pentobarbitone (30 mg/kg body weight). With a mid-
line incision over the thoracic spine, the vertebral
laminae were exposed. After gentle drilling with the
hand, an AO mini-screw (2 mm diameter, 8 mm long)
was inserted in the mid-line vertically towards the
anterior aspect until 2 mm was buried (Fig. 1). For
electrophysiological studies, three electrode screws
(Frederik Harr & Co, Brunswick Maine, USA, 40–79–

INTRODUCTION

Experimental anterior compression of the cervical
spinal cord was studied by Shinomiya,4 who showed
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8) were inserted in the skull, one on the frontal bone
and two over the sensorimotor cortices of each side
located 1–2 mm posterior to the coronal suture. The
screws were then covered with acrylic cement and the
skin wounds closed. One week later, the screw was
exposed again and further driven in for one-third of a
turn each time on four consecutive days, thus
achieving a final reduction of the antero-posterior
diameter of the spinal canal by 50%, as shown by a
pilot study beforehand. Three groups of five animals
each were operated on as follows:

Group A — Single level compression at T5.
Group B — Double level compression at T5 and

T11.
Group C — Double level compression at T5 and

T8.

The results were assessed by the following methods:
1. Clinical observations

One week and three weeks after completion of the
screw compression, paralysis of the hind limb was
graded according to the modified Tarlov5 criteria :
Grade 1 — No movement.
Grade 2 — Some movement.
Grade 3 — Able to walk plantigrade.
Grade 4 — Able to climb up a slope of 45°

2. Electrophysiological studies
Cortical SEP (sensory evoked potential) and MEP
(motor evoked potential) were measured before
compression and 2–3 weeks afterwards.

For SEP, the right hind limb was stimulated by
surface electrodes around the ankle joints. Bipolar
recordings were made simultaneously from the
three electrodes on the skull. For MEP, bipolar
stimulation of the three electrodes on the skull was
given, and EMG from the right quadriceps femoris
muscle was recorded with inserted wire electrodes.
Stimulation in the opposite polarity was also
performed to confirm the real signal for each
recording. All signals were averaged for 100 times.

3. Neural transport studies
Three weeks after the completion of the cord
compression, a laminectomy from L1 to L3 was
performed and the dura was split in the mid-line.
Five ul of 20% HRP (horse raddish peroxidase,
Sigma, type IV A, P6782) was injected into the
conus medullaris under the operating microscope
using a microsyringe. The injection site was
covered with vaseline and the dura was closed
with 10–0 nylon sutures. Forty-eight hours later,
whole body perfusion with PBS (0.1M, pH 0.4) was
carried out, followed by removal of the spinal cord

Figure 1 Screw inserted through the lamine of T5 vertebra.
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and overnight fixation in PBS glutaraldehyde. The
specimens were then kept in PBS containing 10%
sucrose. Reactions in slices of 40 u-thick frozen
sections were sustained with TMB (2,3’, 5, 5’ —
tetramethyl benzidine, Sigma, T2885) as a
chromogen. The number of cells visible in all slides
was counted, thus achieving a semi-quantitative
assessment.

4. Microangiography
One rat in each group was processed for
microangiography studies. At the end of three
weeks of compression, the rat was perfused with
200 ml of PBS solution through the abdominal
aorta. After perfusion, 7 ml of Indian ink was
injected, again into the abdominal aorta. The entire
spinal cord was removed and kept in xylene
following dehydration with alcohol.

RESULTS

Twelve rats either died, had inadvertant spinal cord
damage during surgery, or wound infection and were
therefore excluded. Twelve other rats were operated
on to replace them.
1. Clinical grading

As can be seen in Table 1, single level compression
up to 50% of A-P diameter hardly caused any
neurological compromise. For multiple level
compression, whether it was far apart as in Group
B, or closer together as in Group C, grade 2–3

paralysis was observed in over half of the rats,
although two rats improved by one grade three
weeks later.

2. Electrophysiological studies
For the evoked motor conduction, it can be seen
in Table 2 that single level compression (Group A)
had no effect at all. For two level compression in
Group B, there was a failure to elicit a response in
one of the five rats. When the two compressions
were closer together as in Group C, the conduction
was delayed significantly in two and there was
failure to elicit a response in one rat.

For sensory conduction (Table 3) there was delay
in one rat with single level compression. In group
B, there was significant delay in two rats and
abolishment of response in one. In group C where
the compression was closer together, significant
delay in conduction was seen in all rats. (p ≤ 0.025,
one–tailed paired student t-test).

3. HRP transport study (Table 4)
The number of HRP positive neurons was much
less above the compression when compared with
that below. However, the differences in the three
groups were insignificant. The total number of
neurons in the Red nucleus was also similar.

4. Microangiography
A distinct decrease of vasculature on the posterior
aspect was seen between the two compression
sites,  more  marked  in  Group  C.  In  Group  C,
the anterior  spinal  artery  was  also  interrupted.
(Fig. 2)

Table 1
Clinical grading of rats

Rat Grading at Grading at
Number 1 week 3 weeks

Group A 1 4 4
2 4 4
3 4 4
4 4 4
5 4 4

Group B 1 4 2
2 2 2
3 4 4
4 3 3
5 2 3

Group C 1 4 4
2 2 2
3 4 4
4 2 3
5 2 3

Table 2
Latency in MEP response (mSec)

Rat Before After
Number Compression Compression

Group A 1 24.0 19.85
2 20.95 23.2
3 19.55 22.0
4 20.95 23.6
5 21.1 20.8

Group B 1 25.2 25.5
2 24.1 23.5
3 25.8 No response
4 16.7 15.9
5 19.2 20.3

Group C 1 20.0 19.55
2 20.2 16.2
3 18.25 38.0
4 18.8 33.4
5 19.2 No response
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Table 3
Latency in SEP response (mSec)

Rat Before After
Number Compression Compression

Group A 1 13.1 16.85
2 16.6 18.1
3 13.6 16
4 14.6 15
5 15.15 26.8

Group B 1 12.0 19.4
2 19.8 26.7
3 15.7 No response
4 14.8 16.2
5 16.1 17.3

Group C 1 13.2 18.45
2 7.84 13.0
3 15.2 34.7
4 17.1 39.8
5 14.05 32.4

Table 4
Number of HRP positive neurons

Rat Above Below        Red
Number Compression Compression Nucleus

Group A 1 52 69 1104
2 0 5 1210
3 0 30 920
4 31 262 1466

Group B 1 3 30 934
2 5 42 1290
3 0 34 986
4 20 218 1426

Group C 1 24 2 1260
2 19 212 1420
3 0 20 670
4 30 413 1360

Figure 2 Interruption of the anterior spinal artery in the spinal cord of a rat in Group C. (a) Posterior view — relative scarcity
between two compression sites is noted. (b) Anterior view — corresponding interruption of anterior spinal artery.

(a)

(b)
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DISCUSSION

The animal model we employed was based on the one
of Hashimoto1 because of its simplicity and
consistency.

The result of our study showed that compression
of the thoracic spinal cord from the back in the rat up
to 50% of the saggital diameter at one level had
relatively little clinical compromise, and also few
changes in electrophysiological studies, neural
transport, or microangiography changes, except in one
rat where there was a delay in sensory conduction. The
motor conduction in this rat was normal and that
perhaps explains why no clinical deficiency was
observed. Objective evidence of clinical sensory deficit
in the rat is difficult to document at this stage. In
multiple level compression, however, all parameters
were worse. This is similar to the study by Shinomiya4

when he showed that multiple level anterior
compression of the cervical spinal cord had a much
worse result than single level compression, although
his study had only three animals in each group. Our
study also showed that results were worse when the
multiple level compression was closer together. This
is contrary to the study of Olmarker and Rydevik.2

However, in their study, the compression was
produced in the cauda equina of the pig when the

nerve roots were compressed. Our study also showed
that in multiple spinal cord compression, blood flow,
electrical conduction, and neural transport were all
compromised.

In single level compression blood flow would be
least affected as collaterals on the proximal and distal
site can compensate. Similarly, when the multiple level
compression is far apart, there may be enough
collaterals in the intervening segment to help out.
When the compression levels are close together,
however, especially in adjacent vertebral levels, no
collaterals can help. As for neural transport, it seems
that the disturbance is similar whether it is single level
or multiple level. It would be interesting to see whether
antegrade transport would be the same. Lastly, the
effect of direct damage on the neurons at the site of
compression must also contribute to neurological
deficit, as shown by Schramm3 and Shinomiya.4

CONCLUSION

50% thoracic spinal cord compression in the rat was
created in single levels and double levels. Clinical
grading, electrophysiology, neural transport, and
microangiography showed that whereas single level
had little effect, double level placed together was most
detrimental.
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