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Abstract : Multiple dural sac and spinal cord indentations are often observed on
MRI in cervical spondylotic myelopathy. However, it is rare that all of the indented
levels contribute to clinical symptoms. Pathological changes in cervical compres-
sion myelopathy have previously been reported. Still the critical degree of spinal
cord compression needed to induce pathologic changes is unknown. To clearfy this
matter the relationships between the spinal cord as well as the dural sac indenta-
tions, and pathological changes of the cervical spinal cord were investigated in
cadavers. Sixty-eight cadavers were used for this study. The dural sac and the
spinal cord were observed especially regarding presence of indentations. The spinal
cord was removed from the specimens in order to perform histopathological exami-
nation. The indentations of the dural sac and the spinal cord were observed at C4/
5, C5/6, C6/7 and C3/4 intervertebral levels in order of incidence. However, all of
the dural sac indentations were not correlated with spinal cord indentations.
Pathological changes in the spinal cord were observed in two specimens with less
than 309 of the AP compression ratio. One specimen with 20.9% in the AP
compression ratio had remarkable histopathological changes. In the other speci-
men with 29.6% in the AP compression ratio, diffuse demyelination was distributed
in the lateral white matter. The results indicate that the critical degree of the AP
compression ratio is 3094 to induce histopathological changes in the spinal cord. If
a spinal cord indentation in the patient with cervical spondylotic myelopathy on
imaging, i.e. MRI, show less than 3095 in the AP compression ratio, the clinical
symptoms, i.e. numbness, tickling and paresthetic pain, may not be improved after
the surgery because of some histopathological changes in the spinal cord.
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INTRODUCTION

Multiple dural sac and spinal cord indentations are often observed on imaging,
i.,e. MRI, CT scan and myelogram, in cervical spondylotic myelopathy. However, it
is rare that all of the indented levels contribute to the symptoms of the patient.
Some authors have reported about experimental or clinical studies of the pathologi-
cal changes in cervical compression myelopathy'~”. Still the critical degree of
spinal cord compression needed to induce pathologic changes is unknown. In order
to clarify this matter the relationships between the spinal cord as well as the dural
sac indentations and pathological changes of the cervical spinal cord were investi-
gated in cadavers.

MATERIALS AND METHODS

Sixty-eight cadavers (men; 40, women ; 28, mean age; 75.6 years, range ; 37-
102 years) were used for this study. Laminectomy was performed in the cervical
spine. The posterior part of the dural sac and the spinal cord were macroscopically
observed, especially regarding possible presence of indentations. An indentation

Fig. 1A, B. Posterior dural sac (A) and anterior spinal cord (B) indentations (arrows).
An indentation was defined as a local deformation of dural sac and/or spinal cord
with a diameter of more than 5 mm.
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Fig.2. AP 'compression ratio

was defined as a local deformation of dural sac and/or spinal cord with a diameter
of more than 5 mm (Figure 1A, B). The diameter was measured with a caliper.
The spinal cord was removed from the specimen in order to observe indentations
located on the anterior side of the dural sac and the spinal cord.

For histopathological evaluation, the spinal cord was cut in horizontal planes at
the intervertebral disc level at which indentation had been observed. The sections
were fixed with 209 formalin and sliced into 10 micron-thick. Kliiver-Barrera
(KB) stain was applied to these sections. Anteroposterior compression ratio (AP
compression ratio)® was also measured to assess the degree of compression in each
section (Figure 2). Then the AP compression ratio of the specimens with pathologi-
cal changes®*¥ was compared with that of the specimens without pathological
changes.

RESULTS

Macroscopic findings

Anterior dural sac indentation was observed in 23 out of 68 specimens (34%) and
that at 58 out of 272 intervertebral disc levels (219%). The anterior spinal cord
indentation correlated with the anterior dural sac indentation was observed in 22 out
of 68 specimens (329) and at 43 out of 272 intervertebral disc levels (16%) (Figure
3A). Posterior dural sac indentation was observed in 23 out of 68 specimens (34%)
and at 41 out of 272 intervertebral disc levels (15%). The posterior spinal cord
indentation correlated with the posterior dural sac indentation was observed in 8 out
of 68 specimens (129) and at 9 out of 272 intervertebral disc levels (3%) (Figure 3B).
Therefore all of the dural sac indentations were not correlated with spinal cord
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Fig. 3A, B. Distribution of the anterior (A) and the posterior (B) indentations.
All of the dural sac indentations were not correlated with the spinal cord indenta-
tions. The C4/5 and the C5/6 intervertebral disc levels had the most number of
the dural sac and the spinal cord indentations.
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Fig. 4. Rate of correlation between the dural sac and the spinal cord indentations.
The rate of correlation between the dural sac and the spinal cord indentation was
significantly higher on the anterior side than on the posterior side of the dural sac
(P <0.00005, chi-square test).

indentations. The most number of the dural sac and the spinal cord indentations
were observed at the C4/5 intervertebral disc level both in the anterior side and in
the posterior side. The rate of correlation between the dural sac and the spinal cord
indentation was significantly higher on the anterior side than on the posterior side of

the dural sac (p<0.00005, chi-square test) (Figure 4).
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Table 1. Correlation between the AP compression ratio and histopathological changes.

specimen level without indentation  level with indentation histopathological
APCR% APCR% changes
1 50.0 41.0 -
2 40.9 45.0 -
3 40.5 373 —
4 60.0 20.9 +
5 58.0 52.0 —
6 56.0 48.0 -
7 50.0 46.2 -
8 345 30.4 —
9 56.5 57.1 —
10 56.0 50.0 -
11 35.0 31.6 -
12 40.9 39.1 -
13 40.0 29.6 +
14 45.0 43.0 —

APCR=anteroposterior compression ratio

Pathological findings

The mean of the AP compression ratio at the intervertebral disc levels without
indentation was 47.4%, whereas that with indentation was 40.8%. In 2 out of 22
specimens (9.1%) with the AP compression ratio less than 309, pathological changes
were detected in histology. An extensive cavitation of the gray matter was observ-
ed at the indented level in a specimen with the AP compression ratio of 20.99%. And
diffuse demyelination of the lateral white matter was observed in the other specimen
with the AP compression ratio of 29.69% (Table 1).

Example of pathological changes

Specimen No. 4, 78 year-old-woman

Spinal cord indentations located at both anterior and posterior part of the spinal
cord were observed at the level of C6/7 intervertebral disc. The AP compression
ratio at the level was 20.9%. Extensive necrosis and cavitation was detected in the
gray matter of the spinal cord (Figure 5A). Extensive necrosis and gliosis was also
observed in the lateral white matter (Figure 5B).
Specimen No. 13, 90 year-old-woman

Anterior spinal cord indentation was observed at the level of C4/5 intervertebral
disc. The AP compression ratio at the level was 29.6%. Diffuse demyelination was
distributed in the lateral white matter (Figure 6).
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Fig. 5A, B. Pathological findings of the specimen No.4, C6/7 intervertebral disc
level. K.B.stain. (A: x10, B: x60)
A : Extensive necrosis and cavitation was detected in the gray matter of the
spinal cord (arrows).
B: Extensive necrosis and gliosis was also observed in the lateral white matter
(arrows).

DISCUSSION

It has been reported that the canal diameter of the cervical spine is related to
cervical spondylotic myelopathy'*~>8~'Y Some authors have reported about the
pathological changes in cervical compression myelopathy'~”. However, the critical
degree of spinal cord compression needed to induce pathologic changes is unknown.

In the present study the rate of correlation between the dural sac and the spinal
cord indentation was higher on the anterior side of the dura and spinal cord than in
the posterior side of them. This result indicates that the patients with an anterior
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Fig. 6. Pathological findings of the specimen No. 13, C4/5 intervertebral disc level.
K.B. stain. (x10)
Diffuse demyelination was distributed in the lateral white matter (arrows).

dural sac indentation on myelogram are more likely to have a spinal cord indenta-
tion than the patients with a posterior dural sac indentation are. Furthermore, all
of the specimens with a dural sac indentation did not always have a spinal cord
indentation. Therefore, all of the dural sac indentations as seen on myelograms
would not have a spinal cord indentation. The C4/5 and the C5/6 intervertebral disc
levels had the most number of the dural sac and the spinal cord indentations. This
result correlates with the clinical situation that many patients with cervical spondy-
lotic myelopathy have the dural sac and the spinal cord indentations at the C4/5 and
the C5/6 intervertebral disc levels on MRI or myelogram.

The pathological changes of the spinal cord were classified into three grades by
Ogino et al.® and Ono®. In the literatures, the severest pathological change, i.e.
extensive cavitation, was detected in two cases with less than 209 in the AP
compression ratios. In the present study, extensive necrosis and cavitation in the
gray matter was observed in one specimen with the AP compression ratio of 20.9%.
Extensive necrosis and gliosis was also observed in the lateral white matter. This
result is in agreement with the report by Ogino®. Therefore, in a case with spinal
cord indentation in which the AP compression ratio is about 209 or lower, extensive
cavitation, which is a severe pathological change, might occur in the spinal cord. In
the other specimen with the AP compression ratio of 29.6%, diffuse demyelination
was distributed in the lateral white matter®”. Other 12 specimens have no his-
topathological changes at the levels with spinal cord indentation. These results
indicate that the critical degree of the AP compression ratio to induce some
histopathological changes in the spinal cord was about 309%.

In conclusion, the critical degree of the AP compression ratio to induce his-
topathological changes in the spinal cord was about 30%. Furthermore, the degree
of the AP compression ratio enough to induce the severe pathological changes, i.e.
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extensive necrosis and cavitation in the gray matter was about 20%. If a spinal
cord indentation in the patient with cervical spondylotic myelopathy on imaging, i.
e. MRI, show less than 309% in the AP compression ratio, the clinical symptoms, i.
e. numbness, tickling and paresthetic pain, may not be improved after the surgery
because of some histopathological changes in the spinal cord.
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