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Abstract The objective of the study was to investigate
the comorbidity of degenerative spondylolisthesis (DS), in
elderly cervical spondylotic myelopathy (CSM) patients in
our hospital, and the correlation between surgical results
and preoperative DS. There are few studies on the outcome
of laminoplasty for CSM with DS. A total of 49 elderly
patients (>65 years old) who eventually had surgical
treatment for CSM were evaluated. A slippage displace-
ment of more than 2.5 mm at least at one level was clas-
sifitd to have a positive DS on flexion/extension
radiographs (DS group). A slippage displacement less than
1.0 mm was considered a negative DS (non-DS group).
Seventeen patients who had slippage of 1.0-2.5 mm were
excluded from the study. The DS group (n = 15) included
cases with DS at preoperation, while the remaining cases
(n = 17) belonged to the non-DS group. The flexion/
extension radiographs of the two groups were compared for
range of motion and clinical results at 3 years after the
operation. Of all elderly patients, 30.6% had DS. There was
no significant difference between the two groups based on
the clinical results. The range of motion of all cervical
spines (DS group and non-DS group) was significantly
limited. However, there was no significant difference
between the two groups. New postoperative DS appeared
in four patients, of which two were from the DS group and
two from the non-DS group. These data suggest that
degenerative spondylolisthesis does not influence surgical
results in elderly cervical spondylotic myelopathy patients.
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Introduction

Cervical spondylotic myelopathy (CSM) may result from
spinal cord compression and/or disturbed blood supply and
is caused by degenerative changes or the instability of the
cervical spine. In elderly Japanese CSM patients, the rate
of occurrence of dynamic factors, such as instability of the
vertebral column [1, 6-8, 29], was shown to be higher than
for static factors, such as developmental canal stenosis
[24], by radiological analysis [26]. Furthermore, CSM
patients 65 years and older with spondylolisthesis had a
high incidence of degenerative spondylolisthesis (DS) at
C3-C4 or C4-C5 [14]. Thus, DS as an intervertebral
instability factor may play an important causative role in
CSM symptoms in elderly CSM patients. However,
spondylolisthesis of the cervical spine has been considered
rare in both the young [3, 5, 17] and in the elderly [2, 4],
and there are only a few studies focusing on the incidence
of DS or surgical results of CSM with DS.

The aim of the present study was to investigate the
comorbidity from DS among elderly CSM patients who
underwent bilateral open-door laminoplasty in our hospital.
Furthermore, we compared the surgical results of bilateral
open-door laminoplasty between CSM patients with or
without DS to determine whether DS, as an instability
factor of the cervical spine, influenced surgical results.

Materials and methods

From 1990 to 2004, 194 patients with CSM (excluding
myelopathy caused by ossification of the posterior longi-
tudinal ligament, tumor, infection, trauma or athetoid
cerebral palsy) were treated with laminoplasty in our
department. Our operative indications were as follows. (1)



Eur Spine J (2010) 19:720-725

721

One level of cord compression without developmental
canal stenosis: anterior decompression and fusion. (2) One
level of cord compression with developmental canal ste-
nosis: laminoplasty. (3) More than two levels of cord
compression: laminoplasty. Based on these indications, we
performed laminoplasty without instrumentation, even if
there was instability during the study period. Among these
patients, 86 patients were more than 65 years old. We also
excluded patients who had a previous history of anterior
cervical fusion, or whose follow-up periods were less than
3 years. A total of 49 patients were included in this series.

Laminoplasty was performed by the double-door (mid-
sagittal spinous-splitting) technique. Bilateral gutters were
made at the C3—C7 laminae with a burr. After removing the
spinous processes, the center of the lamina was split with a
diamond burr and the lamina opened symmetrically
(Fig. 1). A dome-shaped laminoplasty was performed for
the C2 lamina [18]. Spinal instrumentation was not used
for any surgery. Patients were confined to bed rest for
1-7 days, after which they were allowed to sit upright
using a cervical collar. The cervical collars were recom-
mended to be used for 1-2 months.

Clinical results were evaluated using Japanese Ortho-
pedic Association scores (JOA scores; total points = 17) at
preoperation and at 3 years after operation [12], and the
recovery rate was calculated according to the following
formula: (JOA score at follow-up — preoperative JOA
score)/(17 — preoperative JOA score) x 100 (%) [11].

Radiological evaluation was performed by plain and
flexion/extension radiographs. Radiographs were taken at a
1.5-m film focus distance for each patient. DS as an

Fig. 1 Laminoplasty technique

instability factor was considered to be present if more than
2.5 mm of slippage displacement was observed on flexion/
extension radiographs at least at one level (DS group;
Fig. 2). For example, a 2-mm anterolisthesis at the flexion
radiograph and a 1-mm posterolisthesis at the extension
radiograph were considered as 3 mm slippage displace-
ment, which was classified in the DS group. On the other
hand, less than 1.0 mm of slippage observed on flexion/
extension radiographs was classified as non-DS (non-DS
group). Note that the C6-C7 was excluded as we could not
evaluate slippage displacement at C6—C7 in some cases.
We could not measure the instability below C6 because of
the patients’ shoulders. The 17 patients who had slippage
of 1.0-2.5 mm were also excluded so as to compare strictly
between the DS and the non-DS group. The range of
motion of the cervical spine was measured according to
Penning’s method [21] based on the C2-C6 or C2-C7
angle in the flexion/extension lateral radiographs (Fig. 3).
On plain radiographs taken with the patient in the neutral
position, the sagittal cervical alignment was measured from
C2 to C6 or C2 to C7 using Penning’s method. Angles
greater than 10°, 0-10°, and <0° were judged to be lor-
dotic, straight and kyphotic, respectively [13].

Statistical differences between the DS and non-DS
groups were determined by y* analysis and Student’s 7 test.
Differences with p < 0.05 were considered to be
significant.

Results
Clinical outcomes

The preoperative JOA score of all patients (DS and non-DS
groups) was 6.7 £ 3.6 (mean & SD). The JOA score at the
final follow-up was 11.4 + 3.0 (p < 0.01) and the recovery
rate was 46.6 = 20.1%. According to our classification of
preoperative spondylolisthesis as an instability factor, the
DS group and the non-DS group comprised 15 and 17
patients, respectively (Table 1). The DS group included
nine males and six females (mean age at surgery =
72.4 £ 6.3 years). The non-DS group included 14 males and
three females (mean age at surgery = 72.8 £ 6.6 years).
There was no difference in the average age between the two
groups (p = 0.87). There was no difference in the mean
duration of symptoms between the DS group and the non-DS
group (24.1 £ 31.6 vs. 29.3 £ 76.3 months, respectively;
p = 0.80) or in the mean preoperative JOA score between
the DS group and the non-DS group (6.5 £ 3.4 vs.
6.8 + 3.8, respectively; p = 0.82). There was no difference
in the JOA score at 3 years after operation between the DS
group and the non-DS group (10.9 + 3.3 vs. 11.9 £ 2.8,
respectively; p = 0.35) or in the mean recovery rates
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Fig. 2 Measurement of
spondylolisthesis using
functional radiographs. Slippage
displacement = a + b

i

Fig. 3 Measurement of range of motion (ROM) of the cervical spine
using functional radiographs. ROM = ¢ + d

c

between the DS group and the non-DS group (42.4 + 21.2
vs. 50.3 £ 18.9%, respectively; p = 0.27; Table 2).

Radiological findings

There was a significant difference in the mean maximum
slippage displacement between the DS group and the non-
DS group (3.1 £ 0.6 vs. 0.3 &+ 0.4 mm, respectively;
p < 0.01; Table 1). The 15 patients in the DS group had 22
slippages of 2.5 mm or more. Of the 22 slippages, 3 were at
C2onC3,9at C3onC4,9 at C4 on C5, and 1 at C5 on C6
(Fig. 4).

With respect to the preoperative sagittal alignment of
the cervical spine, in the DS group, lordotic, straight and
kyphotic spines were found in 11, 3 and 1 patient,
respectively, while in the non-DS group, lordotic, straight
and kyphotic spines were found in 14, 2 and 1 patient,

@ Springer

T

Table 1 Demographics of patients

Group DS group Non-DS p value
group
Age (years) 724 £ 63 72.8 £ 6.6 0.87
Sex
Male 9 14
Female 6 3 0.29*
Duration of symptoms 24.1 £31.6 293 +76.3 0.80
(min)
Preoperative JOA score 6.5+ 34 6.8 £ 3.8 0.82
Lordotic angle (°) 19.0 £ 158 16.8 £ 10.5 0.65
ROM of cervical spine (°) 413 £12.5 345 + 13.7 0.16
Maximum slippage 3.1 £0.6 03 +£04 <0.01
distance (mm)
2 22 test
Table 2 Postoperative data
DS group Non-DS group p value

Lordotic angle (°) 171 £ 11.6 13.8 £ 17.5 0.54
ROM of cervical spine (°) 29.6 £ 12.0 255 £ 13.2 0.37
Rate of ROM reduction (%)* 29.2 + 16.1 19.9 &+ 46.6 0.47
JOA score 109 £33 119 +28 0.35
Recovery rate (%) 424 +£21.2 503 £+ 18.9 0.27

* Rate of ROM reduction = (preoperative ROM — postoperative
ROM)/preoperative ROM x 100 (%)

respectively (Table 3). At 3 years after operation in the DS
group, lordotic and straight spines were found in 12 and 3
patients, respectively; no kyphotic spines were found. At
3 years after operation in the non-DS group, lordotic,
straight and kyphotic spines were found in eight, seven and
two patients, respectively (Table 4). There were no sig-
nificant differences in sagittal cervical alignments at either
the preoperative stage or at 3 years after operation between
the two groups (x> analysis, p = 0.16 and 0.29, respec-
tively). There was no difference in the preoperative lor-
dotic angle between the DS group and the non-DS group
(19.0 & 15.8 vs. 16.8 = 10.5°, respectively; p = 0.65). At
3 years after operation, there was no difference in the



Eur Spine J (2010) 19:720-725 723
Table 5 Changes in slippage displacement
C2-C3
Preoperation Postoperation p value
C3-C4 C2-C3 12415 0.6 £ 0.8 0.21
C3-C4 1.9+ 13 0.8 £1.0 0.01
C4-C5 C4-C5 1.8+ 1.3 0.8 + 0.8 0.02
C5-C6 0.6 £0.8 0.7+ 1.2 0.93
C5-Co
0 2 4 6 8 10 Discussion

cases

Fig. 4 Cases of slippage displacement that were 2.5 mm or more at
each level

Table 3 Alignment of cervical spine preoperatively

Lordosis Straight Kyphosis All
DS group 11 3 1 15
Non-DS group 14 2 1 17

p=0.16

Table 4 Alignment of cervical spine postoperation

Lordosis Straight Kyphosis All
DS group 12 3 0 15
Non-DS group 8 7 2 17

p =029

lordotic angle between the DS group and the non-DS group
(17.1 £ 11.6 vs. 13.8 £ 17.5°, respectively; p = 0.54)
(Tables 1 and 2).

The range of motion of all cervical spines (DS group and
non-DS group) was significantly limited from 37.7 & 13.4°
preoperatively to 27.4 + 12.6° at 3 years after operation
(p < 0.01). There was no significant difference in the range
of motion of the cervical spine preoperatively and at
3 years after operation between the DS group and the non-
DS group (Tables 1 and 2).

Postoperative spondylolisthesis

Spondylolisthesis disappeared postoperatively in 12 of 15
preoperative DS cases and decreased in 1 case. A total of
86.7% of DS cases had stabilized. Newly developed
spondylolisthesis was detected in two cases in the DS
group, while two non-DS cases changed to DS after 3 years
(2/17 cases; 11.8%). A total of four cases had newly
postoperative spondylolisthesis, with a recovery rate of
43.4 £+ 24.1 (18-75%). These recovery rates were com-
parable to the total patient recovery rate.

The results from the present study suggest that DS of the
cervical spine is relatively common in elderly CSM
patients [10], with a DS of 2.5 mm or more occurring in
30.6% of cases. Furthermore, DS seemed to have a predi-
lection for the upper cervical levels among elderly patients,
with 81.8% of the slippage displacements involving the
C3—C4 or C4-CS5 levels (Table 5). However, the majority
of DS cases had stabilized after laminoplasty (86.7%).

Spondylolisthesis is rarely observed in the cervical spine
and has not been widely studied. However, more recent
studies have focused on the DS of the cervical spine [2, 4,
28, 30]. There are a high number of patients with CSM in
Japan [16], potentially due to the developmental spinal
canal size [31], which was shown to be 2.25 mm smaller in
Japanese than in Caucasian adults [19]. We also previously
demonstrated that developmental canal stenosis occurred in
50.9% of CSM patients who were operated in our hospital
[24]. These data suggest that most CSM patients frequently
have more than two or three levels of cord compression,
and we frequently perform laminoplasty in those patients.
However, DS is considered to be an instability factor, and
arthrodesis is considered the appropriate treatment for
instability [2, 4, 22, 30].

In the present study, we retrospectively reviewed the
cases of laminoplasty in elderly patients in our hospital and
found that DS did not influence neurological recovery, with
no difference in the preoperative and postoperative JOA
scores or in the recovery rate between the DS and non-DS
groups. This may be due to the change of mobility of the
cervical spine after laminoplasty, as in several reports con-
cerning the mobility of the cervical spine after laminoplasty,
the postoperative range of motion was limited to approxi-
mately 50-60% of the preoperative range [15, 20, 27].
Similarly, in the present study, the range of motion of all
cases was limited to 75.7% of the preoperative range, while
slippage displacement was significantly restricted (slippage
displacement in the DS group significantly decreased from
1.9+ 13 to 0.8 &£ 1.0 mm at C3-C4 and 1.8 £ 1.3 to
0.8 £ 0.8 mm at C4-CS5). It was also previously reported
that 85.2% of spondylolisthesis cases stabilized slippage
after laminoplasty [23]. We suggest that these restrictions
result from facet joint contracture secondary to the creation
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of lateral gutters and/or from soft tissue contracture after
laminoplasty. Thus, it is likely that immobilization is bene-
ficial for cases of CSM with DS.

We observed a high incidence of DS at the upper cer-
vical level (C3-C4 or C4-C5) in elderly patients with
CSM. In a previous study comparing the dynamic radio-
logical characteristics of 100 normal subjects older than
60 years with those of younger subjects, narrowing of the
discs and osteophytosis were common in the older group at
the C5-C6 and C6-C7 levels, with a significant decrease in
intervertebral mobility and a comparatively greater
mobility at the higher C3—C4 and C4-CS5 levels [9]. The
lower and middle levels of the cervical spine have also
been shown to exhibit different patterns of movement [21],
with some sliding of the superior vertebrae over the inferior
vertebrae at C3—C4 and C4-C5, while little sliding at the
C5-C6 and C6-C7 levels. Thus, the preferential location of
DS at C3-C4 and C4-C5 may be explained by the relative
hypermobility and the different pattern of movement.

In this study, we included kyphosis cases (DS: one case,
5° kyphosis; and non-DS: one case, 9° kypnosis). Gener-
ally, kyphosis might have always been taught as a con-
traindication for laminoplasty decompression in CSM.
However, we consider that kyphosis cases are not always
contraindications. Suda K et al. analyzed the operative
indication with respect to cervical alignment using logistic
regression analysis [25]. In that study, the highest risk of
poor recovery was local kyphosis exceeding 13° for CSM
in the presence of local kyphosis. When patients have local
kyphosis exceeding 13°, anterior decompression or pos-
terior correction of kyphosis as well as laminoplasty should
be considered. Laminoplasty consists of two distinct
mechanisms for its decompression effect: a direct posterior
decompression effect and an indirect anterior decompres-
sion effect resulting from the posterior shift of the spinal
cord from the anterior compressive lesions. Our kyphosis
cases may be insufficient for the posterior shift. However,
we think that there was a direct posterior decompression
effect. Therefore, we think that mild slippage with ‘small
kyphosis’ is tolerable, but not when the kyphosis is big,
exceeding 13°.

There are several limitations in the present study. First,
we only evaluated radiographs and could not include pre-
operative MRI data, without which it is difficult to assess
soft tissue compressive elements. Therefore, we could not
evaluate the precise correlation between the instability and
stenosis. Moreover, there were no recorded magnification
factors in the previously taken radiographs. Magnification
depends on the distance from the film to the cervical spine.
This distance may vary for each case, and it is difficult to
record magnification for all cases. Second, we only
reviewed patients who received laminoplasty in our hos-
pita. We have not yet investigated DS among
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asymptomatic healthy people and could not determine the
frequency of DS in asymptomatic elderly people. Third, we
were unable to evaluate the maximum tolerable slippage
due to the retrospective design of our study. This will form
the basis for future work.

Conclusions

We evaluated the clinical significance of preoperative DS for
patients with CSM treated with bilateral open-door lamin-
oplasty. DS was observed in 30.6% of our elderly CSM
patients. Moreover, DS seemed to have a predilection for the
upper cervical levels. However, there was no difference in
the surgical results between the two groups, although we
believe that DS is an important factor influencing CSM.
Furthermore, DS did not affect improvement of neurological
function. Laminoplasty without fusion can achieve good
neurological improvement for CSM patients with DS.
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