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Prognostic Factors That Affect the Surgical
Outcome of the Laminoplasty in Cervical
Spondylotic Myelopathy
Jae-Sung Ahn, MD, June-Kyu Lee, MD, Bo-Kun Kim, MD

Department of Orthopaedic Surgery, Chungnam National University School of Medicine, Daejeon, Korea

Background: This study examined the prognostic factors that affect the surgical outcome of laminoplasty in cervical spondylotic
myelopathy patients by comparative analysis.

Methods: Thirty nine patients, 26 males and 13 females, who were treated with laminoplasty for cervical myelopathy from
September 2004 to March 2008 and followed up for 12 months or longer, were enrolled in this study. The mean age of the subjects
was 62.4 years (range, 37 to 77 years). The patients’ age, number of surgical segments, spinal cord compression ratio, segment
number, level, localized marginal pattern of high signal intensity within the spinal cord in the T2 image, preoperative Japanese
Orthopaedic Association Scoring System (JOA) score with the recovery ratio were compared respectively. The JOA score was used
for an objective assessment of the patients’ preoperative and postoperative clinical status. The recovery ratios of surgery were
graded using the Hirabayashi equation. Statistical analysis was carried out using Pearson correlation analysis.

Results: The patients” JOA score increased from a preoperative score of 11.1 (range, 5 to 16) to a postoperative score of 14.9
(range, 7 to 17). The average recovery ratio was 65.8% (range, 0 to 100%). The number of segments with high signal changes in
the T2 image, a localized marginal pattern with high signal change, signal intensity changes in the upper cervical spinal cord were
inversely associated with the recovery ratio, whereas the spinal cord compression ratio showed a significant positive correlation.
However, the currently known prognostic factors, such as number of surgical segment, age, and preoperative JOA score, showed
no statistically significant correlation.

Conclusions: The number of segments, localized marginal pattern, rostral location of signal intensity changes with a high
signal change in the T2 image and a low spinal cord compression ratio in cervical spondylotic myelopathy patients treated by
laminoplasty can indicate a poor prognosis.

Keywords: Cervical spondylosis, Myelopathy, Laminoplasty, Prognostic factor

Cervical spondylotic myelopathy is a condition in which
narrowing and dysfunction of the spinal cord occur as a
result of degenerative changes to the cervical spine. The
condition is caused by hard disc herniation or ligamentum
flavum thickening in most cases, and by ossification of the
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ligamentum longitudinale posterius, soft disc herniation,
congenital spinal stenosis, or spinal cord tumor in some
cases. It often develops progressively without apparent
predisposing factors and progresses slowly. However, in
some cases, it suddenly occurs as a result of trauma and
advances rapidly. Long standing spinal cord compression
can eventually result in irreversible, histological, and
physiological changes, such as neurofibrosis, demyelina-
tion, and a loss of neurons.”

In most cases of cervical spondylotic myelopathy,
the symptoms rarely improve with conservative treatment
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and progress steadily. Therefore, early surgical treatment
before the occurrence of irreversible changes is strongly
recommended. While satisfactory surgical treatment
outcomes have been reported by many authors, there is
still some controversy regarding the prognostic factors.
The most common surgical options include anterior
fusion, laminectomy and laminoplasty. Surgical treatment
can relieve the neurological symptoms and spinal cord
compression, but the postoperative outcomes are affected
by a range of factors.””

In this study, the various prognostic factors that
could affect the outcomes of laminoplasty were compared
and analyzed retrospectively.

METHODS

Thirty-nine cervical spondylotic myelopathy patients
(39 cases), who were treated with laminoplasty between
September 2004 and March 2008 and followed up for
> 12 months, were enrolled in this study. The inclusion
criteria were the clear identification of a lesion on MRI
and the presence of symptoms. Patients with an indistinct
lesion on MRI or were asymptomatic were excluded. The
mean follow-up period was 19.1 months (range, 12 to 36
months) with an average age of 62.4 years (range, 37 to 77
years) at the time of surgery. There were 26 males and 13
females. The mean illness duration was 12.8 months (range,
1 to 60 months). Expansive open door laminoplasty using
the method reported by Hirabayashi” was performed in
38 patients and laminoplasty using the method reported
by Kurokawa was performed in 1 (Table 1).

The patients’ age, number of surgical segments,

number, level, and localized marginal pattern of segments
with high signal intensity on the T2-weighted images,
spinal cord compression ratio, and preoperative Japanese
Orthopaedic Association Scoring System (JOA) score were
measured and compared with the recovery rate to identify
the prognostic factors affecting the surgical outcome (Table
1). The preoperative and postoperative clinical condition
was assessed using JOA score. The recovery rate was graded
using the Hirabayashi equation.

Preoperative MRI scans were performed in all pa-
tients. T2 images showing high signal intensity within the
compressed spinal cord were used to assess the number of
segments with high signal intensity, marginal pattern of
segments with high signal intensity (localized or diffuse),
and the level of segments with high signal intensity. The
anteroposterior compression ratio of the spinal cord was
calculated using the measurements obtained in the middle
of the level of maximum compression (sagittal diameter/
transverse diameter x 100%) (Fig. 1). The number of seg-
ments with high signal intensity on MRI was defined as
the number of segments where the high signal intensity
starts and ends on the T2-weighted images. For example,
if high signal intensity extends from C3 to C5, the number
recorded was 3. For an assessment of the marginal pattern
of segments with high signal intensity, the difference
from the adjacent tissues on the T2-weighted images
was examined. The grades assigned according to pattern
(localized pattern = 2, diffuse pattern = 1) were tested for
their association with the recovery rate.

Pearson’s correlation analysis was performed to de-
termine the correlations between these parameters and the
recovery rate. Statistical significance was set at p < 0.05.
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Fig. 1. (A) Compression ratio of the spinal cord = anteroposterior diameter / transverse diameter x 100. (B) Method for drawing "A" (anteroposterior
diameter) and "B" (transverse diameter) in the compression ratio of this patient. "A" and "B" are the widest anteroposterior and transverse diameter of

the spinal cord, respectively.
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Table 1. Data of Cervical Myelopathy Patients Treated by Laminoplasty

No. of Spinal cord Localized

No. Sex  suieal compression TYgFTCOE [URUEN Lavel  margnal  PUgo® R OCied’
1 h2/F 4 30.3 15 3 C5,6,7 Diffuse 17 100 Hirabayashi
2 56/F 4 211 12 2 C5,6 Focal 16 80 Hirabayashi
3 65/F 4 356 13 0 0 0 17 100 Hirabayashi
4 61/M 4 35.1 13 3 C56,7 Diffuse 17 100 Hirabayashi
5 3IM 4 311 12 0 0 0 16 80 Hirabayashi
6 74/F 5 294 " 0 0 0 15 66.7  Hirabayashi
7 67/M 4 328 12 3 C4,56 Diffuse 15 60 Hirabayashi
8 55/M 5 29.7 13 1 C4 Diffuse 16 75 Hirabayashi
9 58/M 5 346 15 0 0 0 17 100 Hirabayashi
10 70/M 5 253 12 0 0 0 16 80 Hirabayashi
" 63/F 4 283 13 0 (2,34 Diffuse 16 75 Hirabayashi
12 76/M 5 401 12 2 Ca5 Diffuse 17 100 Hirabayashi
13 70/M 6 24.7 5 2 C34 Diffuse " 50 Hirabayashi
14 66/F 5 327 8 2 C34 Diffuse 13 556  Hirabayashi
15 70/F 3 304 13 2 C45 Diffuse 17 100 Hirabayashi
16 48/M 6 25.2 10 2 C4,5 Diffuse 14 57.1 Hirabayashi
17 69/M 5 30.7 10 2 C45 Focal 13 429 Hirabayashi
18 59/M 5 409 9 0 0 0 16 875  Hirabayashi
19 76/M 4 212 10 0 C34 Diffuse 15 714 Hirabayashi
20 52/M 5 282 9 2 €34 Diffuse 17 100 Hirabayashi
21 70/F 5 258 " 0 0 0 15 66.7  Hirabayashi
22 61/M 5 247 9 0 0 0 12 375  Hirabayashi
23 54/M 5 288 5 2 C56 Focal 7 16.7 Kurokawa
24 55/M 6 32.7 12 0 0 0 16 80 Hirabayashi
25 70/F 5 25.9 10 1 Ch Focal 13 429  Hirabayashi
26 71/F 5 309 16 0 0 0 16 0 Hirabayashi
27 57/M 4 292 7 2 €34 Focal 11 40 Hirabayashi
28 67/M 4 305 13 1 C4 Diffuse 14 25 Hirabayashi
29 73/F 4 31 12 3 €345 Diffuse 15 60 Hirabayashi
30 65/M 5 21.3 8 1 C4 Diffuse 13 556  Hirabayashi
31 67/F 5 22.6 1 1 Ch Diffuse 15 66.7 Hirabayashi
32 48/M 4 23.7 14 2 C34 Diffuse 15 B3 Hirabayashi
33 59/M 5 297 10 0 0 0 16 85.7  Hirabayashi
34 51/M 5 447 10 0 0 0 13 429  Hirabayashi
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Table 1. Continued

G A o compesoon TP Seamen
35 69/M 4 29 16 2
36 47/M 4 32 7 0
37 72/F 4 30.3 13 2
38 58/M 4 29 12 2
39 57/M 5 38.7 8 0
Average 624 46 30.0 1.1 12

Localized

t : Postoperative  Recovery  Operation
Level ?Z&%pﬁl JOA score ratio® method
C34 Diffuse 16 0 Hirabayashi
0 0 15 80 Hirabayashi
C45 Diffuse 16 75 Hirabayashi
C56 Diffuse 17 100 Hirabayashi
0 0 15 778 Hirabayashi
149 65.8

JOA: Japanese Orthopaedic Association Scoring System.

*The number of segments with high signal change in the T2 images. 'The level of segments with high signal change in the T2 images. *Localized marginal pattemn
of segments with high signal changes in the T2 images. *Recovery ratio of surgery was graded using the Hirabayashi equation (preoperative score - postoperative

score/17 - preoperative score x 100).

RESULTS

From the 2.4th postoperative day on average, the patients
could walk with a Philadelphia cervical orthosis. A post-
operative wound infection was encountered in 2 patients.
In one patient, the condition improved when the infected
area was incised, irrigated and closed accordingly. In the
other, the infection was treated with antibiotics. No im-
provement in the JOA score was observed in these two
patients (the 26th and 35th patients in Table 1), who had
a high JOA score of 16. In the remaining patients, the JOA
score improved and symptomatic improvement to varying
degrees was observed.

The mean JOA score increased from 11.05 (range,
5 to 16) preoperatively to 14.90 (range, 7 to 17) postoper-
atively. The mean recovery rate was 65.8% (range, 0 to
100%). The mean age at the time of surgery was 62.4
years (range, 47 to 77 years) and there was no significant
association with the recovery rate (p = 0.399). The mean
number of surgical segments was 4.6 (range, 3 to 5) and
there was no remarkable correlation with the recovery
rate (p = 0.366). The mean preoperative JOA score (11.1)
had a correlation coefficient of 0.95 with the recovery
rate, which was not significant (p = 0.566). However, the
number of segments with high signal intensity on the T2-
weighted images, 1.2 (range, 0 to 3), as well as the localized
marginal pattern of the segments with high signal intensity
on the T2-weighted images showed a significant inverse
correlation with the recovery rate (r = -0.31, p = 0.00; r
= -2.42, p = 0.00, respectively). The negative correlation
became more significant with increasing height of the
upper segment with high signal intensity (rostral) (r = 2.42,
p = 0.03). The mean spinal cord compression ratio was

29.9% (range, 21.1 to 44.7%) and there was a positive cor-
relation (r = 2.54, p = 0.00).

DISCUSSION

Old age and a low preoperative JOA score have been as-
sociated with unsatisfactory surgical outcome.>” However,
there were no correlations between the two factors and
the final results (p = 0.399, p = 0.566). Of the patients, 9
were over 70-years-old and their preoperative and post-
operative JOA scores were similar to the mean JOA score
of the total study population (preoperative JOA score,
11.1; postoperative JOA score, 14.9). Many studies re-
ported that the outcome deteriorated with the patient’s
age, but there was no correlation between them in the
present study. According to Lee et al.,” the surgical results
for the treatment of cervical spondylotic myelopathy were
more associated with the age at the onset of symptoms and
the level of spinal nerve paralysis than the patient’s age.
Meanwhile, Kim et al.” suggested that the illness duration
that was dependent on the patient’s memory could not be
an objective indicator. In addition, they reported that the
analysis results might also differ according to which of the
present symptoms was used as a parameter. In this study,
the correlation between the illness duration and recovery
rate could have been investigated if most patients had
remembered their age at the onset of the disease.

In many studies, the JOA score was described as an
important prognostic factor that can be used for objective
evaluation of the level of symptoms.*” Hamburger et al.'”
reported that a good preoperative clinical condition led to
satisfactory surgical outcomes and highlighted the import-
ance of the preoperative JOA score, particularly if it was
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> 10. However, the present study found no significant
relationship between the preoperative JOA score and
recovery rate (p = 0.566). The recovery rate was 0 in the
2 patients with a relatively high preoperative JOA score
of 16. This was attributed to surgery being performed
without major symptoms. It is believed that a correlation
between the preoperative JOA score and the recovery rate
could have been observed if the patient selection process
had been more discriminating.

Regarding the correlation between the anteroposte-
rior spinal cord diameter, inner diameter, and myelopathy,
severe spinal stenosis is associated with severe symptoms
and the stage of myelopathy.>"” The Pavlov ratio'” and an-
teroposterior compression ratio along with the transverse
area at the maximum compression level on MRI have been
used to evaluate such correlation.” In this study, the an-
teroposterior compression ratio was measured and found
to be associated with the outcome (p = 0.00).

MRI is the optimal modality that allows an accurate
assessment of the level of spinal cord stenosis and the
spinal cord condition in patients with cervical spondylotic
myelopathy. High signal intensity on the T2-weighted MRI
images and low signal intensity on the T1-weighted MRI
images indicate spinal cord lesions. There are some reports
showing that the signal changes on the T2-weighted
images indicate reversible edema or irreversible changes
to the spinal cord.”" However, the authors are divided on
the relationship between high signal intensity on the T2-
weighted MRI images and the postoperative outcome. For
one, the reversibility of a condition cannot be examined
using the MRI signal changes alone, and intervertebral
disc herniation and a short illness duration are associated
with reversible changes.” According to Matsuda et al.””
and Okada et al.,,'” the preoperative T2-weighted images
are related to the prognosis because patients with no signal
changes on the postoperative T2-weighted MRI images
showed clinical improvement. On the other hand, Morio
et al.” and Yone et al."” disputed the correlation between
the signal changes on the preoperative T2-weighted
images and the clinical outcome. Morio et al.'” reported
that the signal changes in both the T2-weighted and T1-
weighted images indicated an irreversible spinal cord
injury and were associated with a poor prognosis. Chen et
al.”” examined the signal changes on T2-weighted images
only because objective detection is difficult using the T1-
weighted images. In the current study, the number of
segments with high signal intensity on the T2-weighted
images (r = -0.31) and localized marginal pattern of
the segments with high signal intensity (r = -2.42) were
inversely associated with the recovery rate whereas the

anteroposterior spinal cord compression ratio (Fig. 1)
had a significant positive correlation (r = 2.54, p = 0.00).
Chen et al.”” reported that the pattern of high signal
intensity on the T2-weighted MR images were related to
the prognosis. They classified the different signal intensity
patterns into 3 types: type 0 was defined as no appearance
of high signal intensity on the T2-weighted MR images;
type 1 as the appearance of a > 50% faint and fuzzy border
of high signal intensity; and type 2 as the appearance of
> 50% of intense and well-defined border of high signal
intensity. Their conclusion was that cervical spondylotic
patients with a type 2 high signal intensity pattern had a
poor prognosis. In the present study, high signal intensity
images were also subdivided into diffuse and localized
types to test the efficacy of the border pattern as a prog-
nostic factor; a localized border pattern was associated
with a poor outcome.

According to Flanders et al.,”” poor recovery from high
cervical injury was associated with the presence of spinal
cord hemorrhage and long edema on MRI. In this study, a
negative correlation was also found between the recovery
rate and high location of cervical spondylotic myelopathy
(or the location of the segments with high signal intensity
on the T2-weighted MRI images). Therefore, a study
involving cases with edema is needed.

One of the limitations of this study was that there
was no objective standard for classifying the patterns of
high signal intensity, which were subdivided into two,
diffuse and localized types. It is believed that it will be im-
portant to provide an objective classification standard in
order to show the correlation between localized high signal
intensity and the recovery rate in future studies. Another
limitation is that the study focused only on the correlations
between the findings on the MRI images and the recovery
rate. In other studies, the cases subdivided according to
their symptoms were also tested for possible correlations
with the recovery rate. Although it is difficult to objectify
and grade symptoms that are highly subjective, as reported
in many other studies, it will be important to examine that
relationship in a future study. The other limitation is that
only the spinal cord compression ratio (anteroposterior
diameter/transverse diameter x 100) was used, not the
area of the spinal cord. Considering that a reduction is ob-
served in the anteroposterior and transverse diameter in
severe cases, the absolute correlation coeflicient would be
lower in such cases. Therefore, it is believed that studies
involving severe cases should deal with the correlation be-
tween the recovery rate and the area of the spinal cord, not
the spinal cord compression ratio.

In conclusion, there are a range of prognostic factors
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of laminoplasty in patients with cervical spondylotic mye-
lopathy. Based on these results, it is believed that unsuc-
cessful treatment outcomes can be associated with a high
number of segments with high signal intensity on the T2-
weighted images, a localized marginal pattern of high
signal intensity, rostral location of high signal intensity

10.

and low spinal cord compression ratio.
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