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Abstract: Postoperative neck pain has been reported as an unsolved postoperative complication of
surgery for cervical ossification of the posterior longitudinal ligament (OPLL). The aim of the present
study was to elucidate factors having a significant association with postoperative deterioration of neck
pain in cervical OPLL patients. We studied a cohort of patients in a prospective registry of 478 patients
who had undergone cervical spine surgery for cervical OPLL. We excluded those without evaluation
of preoperative neck pain. Therefore, 438 patients were included in the present study. Neck pain was
evaluated with the visual analogue scale (VAS, 0-100 mm). Postoperative neck pain deterioration
was defined as a >20 mm increase of VAS neck pain. Patient factors, neurological status, imaging
factors and surgical factors were assessed. Univariate analyses followed by multivariate analysis
using stepwise logistic regression was performed. Six months after surgery, 50 (11.6%) patients
showed postoperative neck pain deterioration and 76 (17.4%) patients showed postoperative neck
pain deterioration 2 years after surgery. Six months after surgery, the rate of neck pain deterioration
was significantly higher in patients who had undergone posterior surgery. Two years after surgery,
the number of levels fused was significantly correlated with neck pain deterioration.

Keywords: ossification of the posterior longitudinal ligament; cervical spine; surgery; neck pain

1. Introduction

Ossification of the posterior longitudinal ligament (OPLL), widely observed in Asian
people, is ectopic ligamentous ossification that can cause spinal cord or nerve root com-
pression, or both, when the ossification foci thicken [1-3]. For patients with impairment
of activities of daily living caused by OPLL, decompression-fusion surgery is recom-
mended [4]. Although recent progress in understanding the pathology and development
of spinal instrumentation could produce a better neurological outcome, postoperative neck
pain has been reported as an unsolved postoperative complication of surgery for cervical
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OPLL [5,6]. Our ultimate goal is to attenuate postoperative neck pain after decompression-
fusion surgeries for cervical OPLL. As a first step, the primary aim of the present study
was to elucidate factors having a significant association with postoperative deterioration of
neck pain in a cohort of patients, using a prospective multicenter registry of patients with
surgically-treated cervical OPLL.

2. Materials and Methods

We studied a cohort of patients in a prospective registry of 478 patients who had
undergone cervical spine surgery for myelopathy caused by cervical OPLL. Among those
patients, we excluded those without evaluation of preoperative neck pain. We ultimately
included 438 patients with treated cervical OPLL (Figure 1, Table 1). Written informed
consent was obtained from all the participants.

2y follow-up
(n = 478)

excluded | | ack of pre-op. neck
pain data (n = 40)

included
Pre-op.
(n = 438)
oM no deterioration Fﬂs‘f”iﬂf;;zf)gew deterioration
o p=0.
(n = 388) (n=50)

No deterioration Deterioration Attenuation No attenuation
6Mo™~2y 6Mo~2y 6Mo~2y 6Mo~2y
(n=339) I (n=49) (n=23) I (n=27)

T N6 of level fused " No of level fused
(p=0.02) (p=0.02)
5 no deterioration No of level fused deterioration
=0.01
¥ (n = 362) L (n = 76)

Figure 1. Patients who had undergone cervical spine surgery for myelopathy caused by cervical
OPLL. We excluded those without evaluation of preoperative neck pain. We ultimately included
438 patients with treated cervical OPLL.

Surgical procedures included in the present registry were as follows: Laminoplasty
includes both open-door laminoplasty and French-door laminoplasty. Struts to keep lami-
nae enlarged includes plate, a hydroxyapatite spacer and an autologous spinous process
were used. Posterior decompression and fusion means posterior instrumented fusion
combined with laminoplasty /laminectomy. Anterior decompression and fusion consists of
corpectomy and floating/extirpation of ossified lesions and bone grafts augmented with a
plate. A-P means anterior decompression and posterior instrumented fusion. Indication
for surgical treatment was based on myelopathy causing impairment of activities of daily
living. Precise surgical indication, choice of surgical procedures and detailed surgical pro-
cedures are different at each institution. Surgeons belonging to each institution performed
surgeries; therefore, 72 surgeons performed surgery in the present registry.

Neck pain was evaluated with the visual analogue scale (VAS, 0-100 mm) preopera-
tively, then 6 months and 2 years after surgery. Postoperative neck pain deterioration was
defined as a >20 mm increase of VAS neck pain. Patient factors, including age at surgery,
sex, body mass index, disease duration and diabetes mellitus, were assessed. Neurological
status was assessed with the Japanese Orthopedic Association score for evaluating cervical
myelopathy (JOA score; 0-17 points [7]) preoperatively, and at 6 months and 2 years after
surgery. JOA score is widely known as a well standardized evaluation/classification tool
for cervical myelopathy, and its consistency/reproducibility between surgeons is also well
known. The recovery rate of JOA score (%) was calculated as follows: (postoperative
JOA score—preoperative JOA score)/(17 (full score)—preoperative JOA score) x 100 [8].
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Imaging factors were analyzed preoperatively, and at 6 months and 2 years after surgery,
as follows: type of OPLL (continuous, segmental, mixed, and localized types [9]), canal nar-
rowing rate (thickness of OPLL at its peak level /anteroposterior diameter of corresponding
spinal level (%)), postoperative change of C2-7 angle (angle between inferior endplates
of C2 and C7 vertebral bodies), change of C2-7 range of motion (ROM; subtraction of
C2-7 angle from extension position to flexion position) and spinal cord signal intensity
change in magnetic resonance imaging (MRI) T2-weighted images. Surgical factors, in-
cluding surgical procedures (laminoplasty, posterior decompression with instrumented
fusion (PDF), anterior decompression and fusion (ADF), anteroposterior decompression
and fusion (A-P)), and number of levels fused, were determined.

Table 1. Patient demographics.

Demographics (n = 438)

Male:Female (cases) 325:113
age at surgery (years old) 63.6 + 11.6
disease duration (months) 42.8 (0-548)
body mass index 257 +43
diabetes (No. of cases) 134/438
JOA score (pts.)
Pre-op. 10.5 £3.0
Post-op. 2y 139+29
recovery rate (%) 46.2 £33.5
pre-op. neck pain (VAS, mm) 1.5+ 31.6
Surgical procedures (cases)
Laminoplasty 240 (C7 involvement: 154/240)
Posterior decompression & fusion 104
Anterior decompression & fusion 82
A-P 12
Number of levels fused 4.2 (1-8)
Imaging findings
Type of OPLL (cases)
Continuous 58
Segmental 161
Mixed 190
Localized 29
Canal narrowing rate (%) 439+ 15.6
C2-7 angle (°) 9.3 £11.7 (AC2-7 angle: —1.1 £10.1)
range of motion (°) 26.7 + 13.9 (AROM: —10.1 + 15.6)
T2 high signal change (cases) 373/438

We first performed univariate analyses followed by multivariate analysis using step-
wise logistic regression to elucidate the independent factors having a significant positive
association with postoperative neck pain deterioration. Postoperative neck pain deterio-
ration, which was defined as a >20 mm increase of VAS neck pain, was set as a response
variable. The abovementioned factors, including background factors for the patients, sur-
gical factors, neurological status, and imaging factors, were set as explanatory variables.
All the factors were checked for their multicollinearity with each other before univariate
analyses. Factors with p < 0.1 in initial univariate analyses were then analyzed by stepwise
logistic regression. Factors with p < 0.05 were determined as independent factors having a
significant positive association with postoperative neck pain deterioration. Odds ratio and
95% confidence interval were calculated for factors screened. In addition, we performed
statistical analyses for factors having a significant association with neck pain deterioration
or attenuation between 6 months and 2 years after surgery. Comparisons between patients
in the group not showing neck pain deterioration 6 months after surgery demonstrated
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both pain deterioration and no deterioration 2 years after surgery. In other words, this
group showed neck pain deterioration between 6 months and 2 years after surgery. By
contrast, comparisons between patients in the group showing neck pain deterioration
6 months after surgery demonstrated both pain deterioration and no deterioration 2 years
after surgery. In other words, this group showed neck pain attenuation between 6 months
and 2 years after surgery (Figure 1). All the statistical analyses were conducted with
JMP statistical analytics software (version 12.0; SAS Institute, Cary, NC, USA) under the
supervision of a biostatistician. Those statistical analyses were performed on data obtained
6 months and 2 years after surgery.

3. Results

Six months after surgery, neck pain significantly decreased from preoperative VAS
(41.6 £ 31.6 mm) to 36.6 = 29.1 mm (p = 0.04, Tukey Kramer HSD test). Neck pain
2 years after surgery (38.5 & 30.7 mm) did not show a significant change compared with
preoperative neck pain (p = 0.39). Fifty (11.6%) patients showed postoperative neck pain
deterioration 6 months after surgery, whereas the remaining 438 (88.4%) patients showed
no deterioration and 76 (17.4%) patients showed postoperative neck pain deterioration
2 years after surgery (Table 2). The estimated sample size was 593 cases to obtain enough
power (=0.8) calculated with power analysis (« error: 0.05, overall power: 0.58, power
analysis with JMP ver. 12) and effect size was 0.67.

Table 2. Changes in VAS neck pain.

Neck Pain (VAS, 0-100 mm) p-Value (vs. Pre-Op.)
pre-op. 41.6 £ 31.6 mm
post-op. 6Mo 36.6 = 29.1 mm * 0.02
pain deterioration > 20 mm (cases) 50/438 (11.4%)
post-op. 2y 38.5 £ 30.7 mm 0.14
pain deterioration > 20 mm (cases) 76/438 (17.4%)

* p <0.05 vs. pre-op.

Among 50 patients showing postoperative neck pain deterioration 6 months after
surgery, 23 showed attenuation of neck pain, and the remaining 27 showed no recovery
from neck pain. Thus, neck pain deterioration in 49 of 76 patients occurred between 6
months and 2 years after surgery. Six months after surgery, the rate of neck pain deteriora-
tion was significantly higher in patients who had undergone laminoplasty or PDF than
in those who had undergone ADF or A-P (p = 0.02, Table 3). Two years after surgery, the
number of levels fused was significantly correlated with neck pain deterioration (p < 0.01,
Table 3). By initial univariate analyses, the number of levels fused was the only screened
factor; therefore, we no longer performed multivariate analysis 2 years after surgery. Num-
ber of levels fused was associated with neck pain deterioration between 6 months and
2 years after surgery (p = 0.02, Figure 1). Number of levels fused was negatively associated
with neck pain attenuation from 6 months to 2 years after surgery (p = 0.02, Figure 1). The
other factors, including patient factors (preoperative VAS neck pain, BMI, diabetes, etc.)
and imaging factors, had no significant influence on neck pain deterioration. The cut-off
value of the “No. of levels fused” to have a significant association with neck pain deterio-
ration 2 years after surgery was six levels (ROC analysis with JMP ver. 12, AUC = 0.67).
Therefore, fusion surgery for six levels or more could cause neck pain deterioration.
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Table 3. Possible factors associated with postoperative neck pain deterioration.

Univariate Analyses 6 Mo 2y
Patient factor
age 0.80 0.36
sex 0.98 0.12
BMI 0.81 0.43
disease duration 0.28 0.38
DM 0.13 0.54
Neurological status
JOA score recovery rate 0.02 * 0.20
Imaging factor
types of OPLL 0.65 0.27
canal occupying ratio 0.25 0.67
AC2-7 angle 0.76 0.88
AC2-7 ROM 0.31 0.72
MRI T2 high signal 0.78 0.50
Surgical factors
Surgical procedures 0.04* 0.81
No. of levels fused 0.03 * 0.002 *
Multivariate analysis (6 Mo)
JOA score recovery rate 0.20
Surgical procedures 0.02 %
No. of levels fused 0.40
< 0.05.

4. Discussion

The present results showed that a posterior approach was significantly associated
with postoperative neck pain deterioration 6 months after surgery. In addition, there was
no significant difference in the proportion of those with neck pain deterioration between
patients who had undergone PDF or LMP. This suggests that the surgical invasion to poste-
rior paraspinal muscles might cause postoperative neck pain. Previous reports revealed a
significant association between muscle invasion and postoperative neck pain, specifically
axial pain [10,11]. Hosono reported that avoiding surgical detachment of C7 spinous
process nuchal ligament insertion and C2 semispinalis or paraspinal muscles attenuated
postoperative axial neck and shoulder pain [12]. Ishibashi reported that the preservation of
C2 muscle attachment by C3 laminectomy (not laminoplasty) can attenuate postoperative
neck pain [13]. These lines of evidence suggest a close relationship between muscle inva-
sion and postoperative neck pain. The present results for neck pain deterioration 6 months
after surgery are consistent with those described previously. Efforts to decrease surgical
invasion to paraspinal muscles related to a posterior approach are essential to attenuate
neck pain deterioration 6 months after surgery.

Two years after surgery there was a significant association between neck pain dete-
rioration and the number of levels fused, but not surgical procedures. This suggests that
there is no significant influence of a posterior approach-related paraspinal muscle injury to
neck pain deterioration in the mid-to-long term. By contrast, the number of levels fused
was significantly associated with postoperative neck pain deterioration. We found that
the neck pain in 49 of 388 patients without neck pain deterioration 6 months after surgery
worsened between 6 months and 2 years after surgery. In addition, the neck pain in 23 of
50 patients with neck pain deterioration 6 months after surgery reduced between 6 months
and 2 years after surgery. The number of levels fused was significantly associated with this
late neck pain deterioration, whereas the type of surgical procedure was not significantly
associated with this late neck pain deterioration. These lines of evidence suggest that the
number of levels fused might be independent of posterior surgery-related muscle damage.
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The significant association between number of levels fused and neck pain deterioration
suggests that limited mobility of the cervical spine might cause neck pain. Previous reports
indicated that excessive longer external fixation using a neck collar can cause greater neck
pain than a shorter time of external fixation after cervical spine surgery [14]. Moreover, a
recent meta-analysis comparing cervical disc arthroplasty and anterior cervical diskectomy
and fusion found that neck pain was significantly lower in a group with disc arthroplasty
than in a group with fusion [15-18]. These reports suggest a possible relationship between
the restriction of cervical spine motion and neck pain deterioration. Paraspinal muscle atro-
phy induced by multilevel fusion surgery is a possible cause of motion restriction-related
neck pain. Unfortunately, we collected MRI data only in sagittal images to evaluate spinal
cord intensity change, resulting in a lack of axial MRI images which would enable us to
assess paravertebral muscular atrophy.

A major limitation of the present study is that the present registry lacks sagittal
alignment parameters, although recent studies revealed the close relationship between
cervical sagittal alignment impairment and neck pain deterioration. Posterior surgery, even
in fusion surgery, can lead to sagittal alignment worsening after surgery. Therefore, the
assessment of sagittal alignment will be mandatory for elucidating the precise etiology
of neck pain deterioration. Thus, a collection of sagittal alignment parameters should be
considered in the near future. Another possible limitation is the lack of detailed pain data
about its characteristics, precise location and relationship to motion, and so forth.

The precise etiology of neck pain deterioration after surgery remains to be fully
elucidated; however, the present results suggest that the number of fusion levels must be
kept at the minimum necessary to avoid postoperative neck pain after surgery for OPLL.

5. Conclusions

A posterior approach was significantly associated with neck pain deterioration 6 months
after surgery for cervical OPLL, and the number of levels fused was significantly associated
with neck pain deterioration 2 years after the surgery.
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