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Abstract

Background. Degenerative spondylolisthesis of the cervical
spine has received insufficient attention in contrast to that of
the lumbar spine. The authors analyzed the functional signifi-
cance of anterior and posterior degenerative spondylolisthesis
(anterolisthesis and retrolisthesis) of the cervical spine to
elucidate its role in the development of cervical spondylotic
myelopathy (CSM) in the elderly.

Methods. A total of 79 patients aged 65 or older who even-
tually had surgical treatment for CSM were evaluated
radiographically.

Results. Altogether, 24 patients (30%) had displacement of
3.5mm or more (severe spondylolisthesis group), 31 had dis-
placement of 2.0-3.4mm (moderate spondylolisthesis group),
and 24 had less than 2.0mm displacement (mild spondylolis-
thesis group). The severe spondylolisthesis group consisted of
14 patients with anterolisthesis (anterolisthesis group) and 10
patients with retrolisthesis (retrolisthesis group). Patients with
severe spondylolisthesis had a high incidence (93%) of degen-
erative spondylolisthesis at C3/4 or C4/5 and significantly
greater cervical mobility than those with mild spondylolisthe-
sis. The anterolisthesis group, but not the retrolisthesis group,
had a significantly wider spinal canal than the mild spondylo-
listhesis group, although the degree of horizontal displace-
ment and cervical mobility did not differ significantly between
the anterolisthesis and retrolisthesis groups. Severe cord com-
pression seen on T1-weighted magnetic resonance imaging
(MRI) scans and high-intensity spinal cord signals seen on
T2-weighted MRI scans corresponded significantly to the lev-
els of the spondylolisthesis.

Conclusions. Degenerative spondylolisthesis is not a rare ra-
diographic finding in elderly patients with CSM, which tends
to cause intense cord compression that is seen on MRI scans.
Greater mobility of the upper cervical segments may be a
compensatory reaction for advanced disc degeneration of the
lower cervical segments, leading to the development of degen-
erative spondylolisthesis. With a similar degree of displace-
ment, anterolisthesis tends to have a greater impact on the
development of CSM than retrolisthesis.
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Introduction

According to previous reports,° degenerative spondy-
lolisthesis of the cervical spine is not as commonly ob-
served as that of the lumbar spine. In our experience,
however, the condition is much more prevalent than
previously suggested. In particular, unstable degenera-
tive spondylolisthesis of the cervical spine may charac-
terize cervical spondylotic myelopathy (CSM) in the
elderly. Therefore, radiological findings were analyzed
to elucidate the functional significance of this condition
based on data from CSM patients who were 65 years or
older and who eventually underwent surgery.

Patients and Methods

A total of 79 CSM patients (33 men, 46 women) 65 years
and older (mean 75 years; range 65-88 years) had
surgery for moderate to severe spastic limb paresis
between 1991 and 2000. All patients underwent conven-
tional radiographic examinations of the cervical spine
preoperatively, including lateral views in flexion and
extension with a tube-to-film distance of 120cm. On
lateral radiographs, horizontal displacement of one ver-
tebra in relation to that immediately below it was mea-
sured (Fig. 1).

The 79 patients were categorized into three groups
according to the measured values of the maximum hori-
zontal displacement on radiographs obtained in either
flexion or extension: severe spondylolisthesis (24 pa-
tients), moderate spondylolisthesis (31 patients), and
mild spondylolisthesis (24 patients). Patients with se-
vere spondylolisthesis had unequivocal horizontal dis-
placement of 3.5 mm or more, a criterion established by
White et al.” as suggestive of instability in the cervical
spine, whereas those with moderate spondylolisthesis
had horizontal displacement of 2.0-3.4mm, and those
with mild spondylolisthesis had a horizontal displace-
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Fig. 1. Lateral radiograph of the cervical spine showing the
method used to measure horizontal displacement (A), the
sagittal diameter of the spinal canal (B), the sagittal diameter
of the vertebral body (C), and the intervertebral angle (ot). A
is the linear distance between the two lines perpendicular to
the line drawn along the upper vertebral end-plate of the
vertebra below the displaced vertebra. One of the perpendicu-
lar lines runs through the posteroinferior edge of the displaced
vertebral body, and the other runs through the posterosupe-
rior edge of the vertebral body below. B is the distance from
the center of the posterior surface of the vertebral body to the
nearest point on the spinolaminar line; C is measured at the
midpoint of the anterior and the posterior surface of the ver-
tebral body; o is the angle formed between the lines running
through the inferior aspects of the two adjacent vertebrae

ment of less than 2.0mm. To elucidate the characteristic
features of degenerative spondylolisthesis of the cervi-
cal spine, the radiographs of patients with severe spon-
dylolisthesis were compared with those of patients with
mild spondylolisthesis.

Other measurements on the lateral radiographs in-
cluded (1) the intervertebral angle (formed between the
lines running through the inferior aspects of two adja-
cent vertebrae on a lateral radiograph with the neck in
neutral position); (2) range of angular movement
(ROM), given by the difference in the intervertebral
angles between flexion and extension®; and (3) the sagit-
tal diameter ratio of the spinal canal to the correspond-
ing vertebral body on a neutral lateral radiograph,
which is independent of object-to-film distance and
therefore more reliable than measuring the sagittal
canal diameter in millimeters for determining cervical
canal stenosis, as demonstrated by Pavlov et al.’ (Fig.
1). Disc degeneration at each intervertebral level
was graded 0—4 on lateral radiographs according to
Lawrence’s method': grade 0, normal; grade 1, slight
anterior wear of the vertebral lip; grade 2, anterior
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osteophytes; grade 3, anterior osteophytes and narrow-
ing of the disc; grade 4, anterior osteophytes, disc nar-
rowing, and sclerosis of vertebral plates.

Patients with severe spondylolisthesis underwent
surface coil magnetic resonance imaging (MRI) of the
cervical spinal cord preoperatively with one of three
superconducting systems (0.5T MRT-50 and 1.5T
MRT-200, Toshiba, Tokyo, Japan, or 1.5T Signa, GE
Corp., Milwaukee, WI, USA). The MRI protocol in-
cluded sagittal and axial T1-weighted images, and sagit-
tal T2-weighted images, with a slice thickness of Smm.
Spinal cord measurements at each intervertebral level
from C2/3 to C6/7 included the anteroposterior (AP)
diameter, assessed by vernier calipers on midsagittal
T1-weighted images, and the cross-sectional area, eval-
uated using a digitizer (Mitablet-1I KD 4030 A; Graph-
tec, Yokohama, Japan) on axial T1-weighted images.
The values were converted to the actual diameter and
area using appropriate magnification factors. Attention
was also directed to increased signal intensity on sagittal
T2-weighted images resulting from spinal cord com-
pression." To test a significant association of the degen-
erative spondylolisthesis with spinal cord compression
shown by MRI, the intervertebral level of degenerative
spondylolisthesis was designated as 0, with the other
levels numbered in order of increasing distance from
this level, assigning a minus sign caudally. When severe
spondylolisthesis involved two levels in a patient, the
level with a greater horizontal displacement was desig-
nated 0.

The same investigator (M.K.) performed mea-
surements using the same vernier calipers to the nearest
0.1 mm for length and the same protractor to the nearest
0.5° for angle. Each measurement was repeated
three times, and the average value was taken as the
final measurement value to minimize intraobserver
error.

We used one-way analysis of variance (ANOVA)
followed by Dunnett’s post hoc test for statistical dif-
ference in the set of intervertebral and vertebral
data and the Mann-Whitney U-test for evaluating inter-
group differences. Values are expressed as the mean +
SD and were considered significant when P < 0.05. All
statistical analyses were performed with a commercially
available software program (SAS Institute, Cary, NC,
USA).

Results

The severe spondylolisthesis group consisted of 9 men
and 15 women, and the mild spondylolisthesis group
consisted of 11 men and 13 women. No significant dif-
ference in age was noted between the two groups (75 +
6 vs. 73 £ 6 years; P > 0.2).
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Horizontal displacement

Patients with severe spondylolisthesis had an average
horizontal displacement of 4.2 = 0.7mm (range 3.5-
6.0mm), whereas those with mild spondylolisthesis
showed an average horizontal displacement of 1.1 +
0.8mm (range 0-1.9mm). The 24 patients with severe
spondylolisthesis had 27 displacements of 3.5mm or
more; 14 patients had either one or two anterior dis-
placements (anterolisthesis group); and 10 patients had
one posterior displacement (retrolisthesis group) (Fig.
2). Of the 27 displacements, 15 were at C3 on C4 (8 an-
teriorly, 7 posteriorly) (Fig. 3), 10 were at C4 on C5 (8
anteriorly, 2 posteriorly), one was at C5 on C6 posteri-
orly, and one was at C7 on T1 anteriorly (Fig. 4). None
of those displacements changed from anterolisthesis in
flexion to retrolisthesis in extension. The degree of hori-
zontal displacement did not differ significantly between
the anterolisthesis and retrolisthesis groups (4.4 £ 0.7 vs.
4.0 £ 0.6mm; P> 0.1) or between C3 on C4 and C4 on
C5(43+0.8vs.42+0.6mm; P>0.7).
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Fig. 2. A,B Lateral radiographs of the
cervical spine with the neck in flexion
(A) and in neutral position (B). C Sagit-
tal T2-weighted magnetic resonance
imaging (MRI) scan shows anterior
degenerative spondylolisthesis in a 68-
year-old patient with cervical spondy-
lotic myelopathy

Fig. 3. A,B Lateral radiographs of the
cervical spine with the neck in extension
(A) and in neutral position (B). C Sagittal
T2-weighted MRI scan shows posterior
degenerative spondylolisthesis, referred
to as retrolisthesis, in a 76-year-old

patient  with  cervical spondylotic
myelopathy
Intervertebral angle

Patients with severe spondylolisthesis (anterolisthesis
and retrolisthesis combined) had a significantly greater
intervertebral angle at C3/4 (9.1° £ 5.1° vs. 4.6° £ 4.7°;
P < 0.005) but not at the other levels, compared with
patients with mild spondylolisthesis (Table 1). In pa-
tients with severe spondylolisthesis, the C3/4 level had
a significantly (P < 0.05) greater intervertebral angle
than the remaining levels (Table 1, Fig. 2B). The inter-
vertebral angles were similar (P > 0.1) between the an-
terolisthesis and retrolisthesis groups at C3/4 through
C6/7, although at C2/3 they were significantly greater (P
< 0.05) in the anterolisthesis group than in the retrolis-
thesis group (5.6° £ 3.1° vs. 1.1° £ 4.4°).

Range of angular movement

Patients with severe spondylolisthesis (anterolisthesis
and retrolisthesis combined) had a significantly greater
ROM at C2/3 (P <0.05), C3/4 (P <0.04), C4/5 (P <0.04),
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and C5/6 (P < 0.05), but not at C6/7, compared with
patients with mild spondylolisthesis (Table 2). The an-
terolisthesis and retrolisthesis groups showed a similar
ROM at all levels (P > 0.08). The upper cervical seg-
ments (C3/4 or C4/5) had significantly (P < 0.05) greater
ROM than the lower segments (C5/6 or C6/7) in the
severe and mild spondylolisthesis groups combined.

Anterolisthesis Retrolisthesis
8 Cs 7
8 Cs 2
Cs 1
1 C7

Fig. 4. Vertebral levels of 27 displacements of the cervical
spine with a displacement of 3.5mm or more. There are high
incidences of degenerative spondylolisthesis at the upper cer-
vical segments

Table 1. Intervertebral angle in the neutral position
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Sagittal diameter ratio of spinal canal to vertebral body

Of the patients with severe spondylolisthesis, the an-
terolisthesis group had a significantly (P < 0.005) greater
sagittal diameter ratio of the spinal canal to the verte-
bral body than the mild spondylolisthesis group at every
vertebral level from C2 to C7. However, there was no
significant difference in the ratio between the retrolis-
thesis group and the mild spondylolisthesis group at any
level (Table 3).

Evaluation of cervical disc degeneration

Cervical disc degeneration became progressively more
severe at more caudal levels, showing a significant
change from C2/3 to C3/4 (P < 0.01), C3/4 to C4/5 (P <
0.01), and C4/5 to C5/6 (P < 0.01) in both the severe
spondylolisthesis group and the mild spondylolisthesis
groups. However, no significant difference in grade was
evident between the severe and mild spondylolisthesis
groups (P > 0.1) or between the anterolisthesis and
retrolisthesis groups (P > 0.09) at every vertebral level
from C2/3 to C6/7 (Table 4).

Severe spondylolisthesis group (°)

Intervertebral Anterolisthesis Retrolisthesis Mild spondylolisthesis

level group (n = 14) group (n = 10) group (°) (n =24) P P P
C2/3 5.6+£31 1.1+44 35+£5.6 <0.05 NS NS
C3/4 8.5 £5.3% 9.9 £5.0% 4.6 +47 <0.04 <0.01 <0.005
C4/5 -0.1+5.6 2.6+6.8 35+6.5 NS NS NS
Cs/6 1.9+43 1.9+45 3.0+5.6 NS NS NS
Co/7 36+52 (n=12)" 6246 (n=17)" 45+38 (n=18)" NS NS NS
C2-C7 19.0+£9.5 (n =12)" 21.7£88 (n="7)" 162 +13.0 (n =18)" NS NS NS

*Significantly greater intervertebral angle than the remaining more caudal and rostal levels (Dunnett’s post hoc test; P < 0.05)
1 Caleulated according to Mann-Whitney U-test comparing the mean value of the anterolisthesis group (¥), retrolisthesis group ('), or severe

spondylolisthesis group ('

) with that of the mild spondylolisthesis group at each level

*Superimposition of shoulders precluded the assessment of intervertebral angle at C6/7 in five patients with severe spondylolisthesis and six

patients with mild spondylolisthesis

Table 2. Range of angular movement in flexion and extension

Severe spondylolisthesis group (°)

Intervertebral Anterolisthesis Retrolisthesis Mild spondylolisthesis

level group (n = 14) group (n = 10) group (°) (n =24) P P P

C2/3 49+31 49+22 3.6+35 NS NS <0.05
C3/4 121+£45 10.8 £ 6.7 8.7+44 <0.02 NS <0.04
C4/5 11.2+5.1 11.1+£25 91+44 NS <0.05 <0.04
Cs/6 83147 10.7+34 6.7+45 NS <0.04 <0.05
Co/7 6.7+£38 (n=13)" 59+24 45+4.7 (n=20)" NS NS NS

Cc2-C7 439 £14.5 (n=13)" 433 +88 34.0 £14.2 (n =20)" <0.03 <0.03 <0.02

"1 Calculated according to Mann-Whitney U-test comparing the mean value of the anterolisthesis group (*), retrolisthesis group (), or severe
spondylolisthesis group ("'") with that of the mild spondylolisthesis group at each level
“Superimposition of shoulders precluded assessment of range of angular movement at C6/7 in one patient with severe spondylolisthesis and

four patients with mild spondylolisthesis
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Table 3. Spinal canal/vertebral body diameter ratio
Severe spondylolisthesis group

Vertebral Anterolisthesis Retrolisthesis Mild spondylolisthesis

level group (n = 14) group (n = 10) group (n = 24) P’ P
C2 0.90 £0.13 0.77 £ 0.08 0.77 £ 0.09 <0.002 NS
C3 0.82 £0.10 0.72 £ 0.06 0.69 £ 0.09 <0.002 NS
c4 0.78 £ 0.07 0.68 £+ 0.05 0.66 = 0.09 <0.0007 NS
Cs5 0.76 £ 0.08 0.69 £ 0.05 0.67 £ 0.08 <0.003 NS
Cco 0.78 £0.09 0.68 £ 0.07 0.67 £ 0.09 <0.004 NS
Cc7 0.81 £0.11 (n = 13)" 0.69 = 0.09 0.70 £ 0.08 (n = 20)" <0.005 NS

' Calculated according to Mann-Whitney U-test comparing the mean value of the anterolisthesis group (*) or retrolisthesis group (') with that

of the mild spondylolisthesis group at each level

*Superimposition of shoulders precluded assessment of canal to body ratio at C7 in one patient with severe spondylolisthesis and four patients

with mild spondylolisthesis

Table 4. Intervertebral disc degeneration of the cervical spine

Severe spondylolisthesis group

Intervertebral Anterolisthesis Retrolisthesis Mild spondylolisthesis

level group (n =14) group (n =10) group (n =24) P
C2/3 0.2 £0.4% 0.4 +£0.5% 0.3 £ 0.6* NS
C3/4 1.3+£1.1% 1.7+£1.1% 1.3 £0.9* NS
C4/5 2.6 £0.8% 2.3 +0.9% 2.1 +1.0% NS
C5/6 3.4+£0.7 28+£0.8 28109 NS
Co/7 33+0.8 (n=13)" 29+1.0 29£1.0 (n=20)" NS

*The degree of intervertebral disc degeneration is progressively higher with more caudal level (Dunnett’s post hoc test; P < 0.01)
"Calculated according to Mann-Whitney U-test comparing the mean value of the severe spondylolisthesis group with that of the mild spondy-

lolisthesis group at each level

“Superimposition of shoulders precluded assessment of intervertebral disc degeneration at C6/7 in one patient with severe spondylolisthesis and

four patients with mild spondylolisthesis

Table 5. Cervical spinal cord measurement in patients with severe spondylolisthesis

Anteroposterior diameter

Cross-sectional area

Intervertebral No. of
level patients Mean £ SD (mm) Range (mm) Mean + SD (mm?®) Range (mm?)
+2 7 73+1.1 6.2-8.8 789+7.8 69.0-92.1
+1 23 6.6+14 32-93 69.9 £15.8 43.4-933

0 24 45+1.1% 2.2-6.2 54.4 +£11.3% 29.1-79.8
-1 24 58+1.0 3.7-8.0 62.6 £9.9 40.8-83.7
-2 23 57£1.0 3.6-7.2 62.6 £10.8 42.9-82.8
-3 13 59+09 4.1-7.7 65.3 £12.0 43.8-83.4

*Significantly smaller anteroposterior diameter and cross-sectional area than those at the remaining more caudal and rostral levels (Dunnett’s

post hoc test; P < 0.05)

MRI evaluation

Table 5 shows the quantitative assessment of spinal cord
compression in relation to the level of severe spondylo-
listhesis (0 level). The 0 level had a significantly smaller
anteroposterior diameter (P < 0.05) and cross-sectional
area (P < 0.05) than the remaining more caudal or ros-
tral levels (Figs. 2C, 3C). Sagittal T2-weighted images
showed high-intensity spinal cord signals at 18 interver-
tebral levels in 24 patients with severe spondylolisthesis:
8 at C3/4, 6 at C4/5, 3 at C5/6, and 1 at C6/7. All but
three matched the site of the spondylolisthesis.

Discussion

The current data, although from a highly selective group
of patients in the absence of a control series, indicate
that degenerative spondylolisthesis of the cervical spine
is not uncommon in elderly CSM patients.”” This finding
contrasts with the low prevalence in younger popula-
tions."” Severe spondylolistheses of 3.5mm or more oc-
curred in 30% of elderly CSM patients. If moderate
spondylolisthesis of 2.0-3.5mm is included, as in some
reports,*'% the prevalence was as high as 70% in the
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current series of surgically treated CSM patients. De-
generative spondylolisthesis seems to have a predilec-
tion for the upper cervical levels with advancing age:
93% of the displacements involved the C3/4 or C4/5
level in the current series (Fig. 4).

In agreement with previous studies, "° the current
study showed that age-related degenerative changes of
the cervical spine develop with progressive severity at
more caudal segments (Table 4). Furthermore, the low-
er cervical segments showed less mobility than the up-
per cervical segments (Table 2), reflecting an advanced
grade of disc degeneration in elderly CSM patients.">"”
Paradoxically, this tendency may protect the lower seg-
ments.'””’ In contrast, an excessive compensatory move-
ment imposed on the higher segments may contribute
to instability, leading to degenerative spondylolisthe-
sis.”"* In fact, patients with severe spondylolisthesis had
greater preservation of cervical mobility at C2/3 through
C5/6 than did patients with mild spondylolisthesis (Ta-
ble 2). An increase of the intervertebral angle at C3/4,”
as seen in patients with severe spondylolisthesis (Table
1), is likely to be a compensatory reaction because the
lower cervical segments tend to become kyphotic with
advancing disc degeneration (Fig. 2B).

Regardless of the underlying mechanism, degenera-
tive spondylolisthesis of the cervical spine plays an im-
portant role as a cause of CSM in the elderly'>* **; this
was supported by our finding that intense cord compres-
sion seen on T1-weighted MRI scans and high-intensity
spinal cord signals seen on T2-weighted MRI scans sig-
nificantly corresponded to the sites of spondylolisthesis
(Table 5; Figs. 2, 3). In addition, the anterolisthesis
group, but not the retrolisthesis group, had a signifi-
cantly wider canal than the mild spondylolisthesis group
(Table 3). This implies that anterolisthesis has a greater
impact on the development of CSM than retrolisthesis
because the degree of horizontal displacement did not
differ significantly between the anterolisthesis and ret-
rolisthesis groups. Had it not been for the spondylolis-
thesis, CSM might not have developed in patients in the
anterolisthesis group, who had a relatively wide canal.
In contrast, a congenitally narrowed cervical spinal
canal coupled with age-related hypertrophic changes is
more likely to be responsible in the mild spondylolis-
thesis group.

17,18

Conclusion

Degenerative cervical spondylolisthesis of 3.5mm or
more occurred in as many as 30% of elderly CSM pa-
tients. In this age group, greater mobility and a larger
intervertebral angle of the upper, rather than the lower,
cervical segments may lead to a high incidence (93%)
of spondylolisthesis at C3/4 or C4/5. A significant asso-
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ciation between spondylolisthesis and intense cord com-
pression,despite arelatively wide canalfor anterolisthesis,
indicates the functional significance of severe spondylo-
listhesis in CSM in the elderly. Awareness of this
possibility improves patient care and management, par-
ticularly when determining the possible need for stabi-
lizing the segment in addition to decompression.

The authors did not receive and will not receive any benefits
or funding from any commercial party related directly or in-
directly to the subject of this article.
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