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ABSTRACT

Cervical laminoplasty is a safe and effective treatment for cervical myelopathy. However, it has a higher
frequency of postoperative axial pain than other methods. A variety of causes of postoperative axial pain
have been reported, but these have not been fully elucidated. This study aimed to investigate the association
between postoperative axial pain and changes in the posterior neck muscles before and after surgery. The
study included 93 patients with cervical myelopathy who underwent surgery at our institute between June
2010 and March 2013. The patients with greater preoperative and 1-year postoperative neck pain visual
analog scale scores comprised the neck pain group. The cross-sectional area of the cervical posterior
extensor muscles and the trapezius muscle were measured by magnetic resonance imaging before and 1
year after surgery at the C3/4, C4/5, and C5/6 levels to compare with neck pain. The total cross-sectional
area atrophy rate (C3/C4, C4/CS, and C5/C6) of the trapezius muscle was significantly larger in patients
with neck pain (12.8 + 13.2) than in those without (6.2 + 14.4; p<0.05). The cross-sectional area atrophy
rate of the trapezius muscle at only the C5/6 level was significantly higher in patients with neck pain
(16.7 = 11.7) compared to those without (3.3 + 14.4; p<0.001). No significant differences were found in
the cross-sectional areas of the cervical posterior extensor muscles. Trapezius atrophy, especially at the
lower cervical vertebrae, was associated with neck pain after cervical laminoplasty.
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INTRODUCTION

Degenerative cervical myelopathy (DCM) is the most common cause of spinal cord dysfunction
in the elderly.! Chronic spinal cord compression is caused by degeneration of the cervical spine,
such as spondylolisthesis, herniated discs, and ossification of the posterior longitudinal ligament.
This disease usually progresses slowly and in stages, with gradually worsening symptoms such
as gait abnormalities, muscle weakness, and sensory changes.? For patients with severe or
progressive symptoms, current clinical practice recommends surgical decompression to reverse
further neurological deterioration.®*

Cervical laminoplasty is a widely used surgical technique to treat DCM. Laminoplasty provides
safe and effective posterior decompression for multistage lesions while preserving the posterior
elements of the cervical spine. Postoperative complications of laminoplasty have been reported,
including C5 palsy, axial pain, motor deficits, and loss of lordosis. Recent meta-analyses have
shown that in the treatment of multilevel cervical myelopathy, the incidence of surgery-related
complications after laminoplasty is significantly lower after laminectomy with fusion than after
anterior decompression and fusion®®; however, laminoplasty tends to have a higher frequency of
postoperative axial pain compared to other surgeries.*” Hosono et al® have previously reported
a significantly higher incidence of neck pain in patients who underwent laminoplasty compared
with those who underwent anterior fusion (60% and 19%, respectively). Postoperative axial neck
pain occurred in 26% of patients who underwent laminoplasty, had persisted for an average of
5.5 months, and was reduced within 1 to 1.5 years postoperatively.

Although axial pain is not a major symptom of DCM, preventing axial pain may play a key
role in improving surgical outcomes, as persistent axial pain can have a significant negative
impact on the patient’s quality of life.’

Many prior studies have investigated the causes of axial pain after laminoplasty.3!® Recently,
some studies have reported that the muscles attached to C2 or C7, such as the posterior deep
extensor and trapezius muscles, are related to postoperative axial pain.'!? However, it is not
known which muscles actually change from pre-operation to post-operation, or to what extent.
Regarding residual neck pain, gaining an understanding of which muscles are atrophied may be
useful in predicting the surgical procedure, preoperative planning, and postoperative rehabilitation.
Thus, in this study, we sought to investigate the association between postoperative axial pain and
changes in the posterior neck muscles before and after surgery. To achieve our aim, we measured
the area of the posterior deep extensor and trapezius muscles before and after laminoplasty and
investigated their relationship with neck pain.

MATERIALS AND METHODS

This study was conducted in compliance with the principles of the Declaration of Helsinki,
with the approval of the Research Ethics and Conflicts Committee of the authors’ affiliated
institution. All participants provided informed consent for participation in the study.

Participants

Individuals who underwent double-door laminoplasty using hydroxyapatite spacers for cervical
myelopathy at our institute were consecutively enrolled from June 2010 to March 2013. The
diagnosis of myelopathy was confirmed with a thorough neurological examination and the imaging
findings of spinal cord compression, which were generally associated with an intramedullary
high-intensity area on T2-weighted magnetic resonance imaging (MRI). Spinal surgeons at our
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institute determined the surgical indications based on the symptoms and medical images of
patients with cervical myelopathy.

The surgical procedure for conventional double-door laminoplasty has previously been de-
scribed in detail.”* Midline spinous processes were split with a high-speed burr under microscopy.
Hydroxyapatite spacers (Apacerum; Asahi Optical Co, Ltd, Tokyo, Japan) were placed between
the split laminae and fixed with non-absorbable sutures to maintain an enlarged spinal canal.
Patients wore a cervical orthosis for 2 weeks after surgery.'

The surgery was performed at the C3-C7 level in which stenosis was noted. The inclusion
criteria were as follows: patients who underwent C3-C6, C3-C7, C4-C6, and C4-C7 laminoplasty.
The exclusion criteria were as follows: those who had undergone prior cervical spine surgery, and
individuals for whom we could not obtain preoperative and 1-year postoperative visual analogue
scale (VAS) scores and MRI.

Measurements

We evaluated neck pain using the VAS scores obtained preoperatively and 1 year postopera-
tively. Patients with greater postoperative VAS scores compared with preoperative scores were
defined as the prolonged postoperative neck pain group.

We assessed the cervical posterior extensor muscles and trapezius muscle mass using a 1.5-T
MRI scanner. Axial T2-weighted slices at the C3/C4, C4/C5, and C5/C6 intervertebral levels were
obtained to measure the cross-sectional area (CSA) of the cervical posterior extensor muscles
(multifidus, semispinalis cervicis, semispinalis capitis, splenius capitis, and trapezius muscles)
(Fig. 1). The CSAs of these muscles, measured using area calculation software (SYNAPSE,;

Fig. 1 Using preoperative MRI, the cross-sectional areas of the trapezius muscle at C3-4, C4-5 and C5-6
intervertebral levels were measured on T2-weighted axial images
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Fujifilm Medical, Tokyo, Japan) and obtained from the right and left sides were combined for
each participant. Measurements of the CSAs were conducted by one investigator who manually
traced the defined region of interest within the fascial border of each muscle (bilaterally) on
the T2-weighted images. The measurement was repeated twice, and the results were averaged.
To assess the intra- and interobserver error, five randomly chosen MR images were measured
independently by the first investigator, and again by a second investigator.”” In addition, we
calculated each muscle’s CSA atrophy rate as follows: (preoperative CSA — postoperative CSA)/
preoperative CSAx100.

We assessed the Japanese Orthopaedic Association (JOA) score, cervical lordosis, and range
of motion on radiographs preoperatively and 1 year postoperatively. Cervical lordosis was defined
as the Cobb angle from C2 to C7 (C2-7 angle), which was defined as the angle between the
inferior endplates of C2 and C7 on standing lateral radiographs. Range of motion was defined
as follows: the C2-7 angle in extension position — the C2-7 angle in the flexion position.

Statistical analysis

Participant demographics, follow-up duration, JOA score, cervical lordosis, and range of
motion measurements on radiographs were compared between patients with and without neck
pain using a chi-squared test or Student’s t-test, as appropriate. The muscle mass of the cervical
posterior extensor muscles, trapezius muscles were compared between patients with and without
neck pain using the analysis of covariance (ANCOVA) adjusted for BMI. Logistic regression
analysis was used to examine the risk factors of neck pain and was performed for items that
were significantly different (p-value <0.05) on univariate analysis. Each analysis was performed
separately for patients under 65 years of age (non-elderly) and those over 65 years of age
(elderly). SPSS Statistics 22 software (IBM, Armonk, NY) was used for data aggregation and
analyses with p < 0.05 indicating statistical significance.

RESULTS

Our study included 93 participants who had undergone surgery for cervical myelopathy
between June 2010 and March 2013. The average age at the time of surgery was 72.6 + 8.7
years. Thirty patients underwent C3-C6 laminoplasty, thirty-six underwent C3-C7 laminoplasty,
eight underwent C4-C6 laminoplasty, and nineteen underwent C4-C7 laminoplasty. There were
29 participants with neck pain and 64 without. No significant differences were observed between
groups regarding sex, age, height, body weight, preoperative range of motion, preoperative cervi-
cal lordosis, JOA score, or the CSAs of the cervical posterior extensor muscles and trapezius
muscle (Tables 1 and 2). The postoperative cervical range of motion was significantly narrower
in patients with neck pain than in those without (neck pain, 24.3 + 9.8; no neck pain, 30.0 +
11.3; p < 0.05; Table 3). No significant differences were observed between groups in terms of
follow-up duration, postoperative cervical lordosis, JOA score, or the CSAs of the cervical deep
extensor muscles and trapezius muscle (Tables 3 and 4).

With respect to pre- and post-operative changes, the JOA recovery rate was significantly
lower in patients with neck pain than in those without (neck pain, 40.0 + 44.8; no neck pain,
58.3 + 30.8; p < 0.05; Table 5). The total CSA atrophy rate (C3/C4, C4/C5, and C5/C6) of the
trapezius muscle was significantly higher in patients with neck pain than in those without (neck
pain, 12.8 = 13.2; no neck pain, 6.2 + 14.4; p < 0.05; Table 5). The CSA atrophy rate of the
trapezius muscle specifically at the C5/6 level was significantly higher only in patients with neck
pain (neck pain, 16.7 £ 11.7; no neck pain, 3.3 = 14.4; p < 0.001; Table 5). No significant
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Table 1 Preoperative demographics and clinical characteristics
All Neck pain (+) Neck pain (-) p

No 93 29 64

Male/Female 60/33 19/10 41/23 0.542
Age (years) 72.6+8.7 72.4+8.6 72.6+8.8 0.914
Height (cm) 157.4+11.1 156.3+11.8 157.9+10.8 0.526
Weight (kg) 59.6+£9.8 60.7x10.2 59.1£9.6 0.47
VAS 4.7£2.9 24+2.1 5.7+2.6 <0.001
Cervical ROM (degree) 35.8+14.3 37.1x15.8 35.3x13.6 0.572
CL (degree) 15.7+11.4 15.3+7.2 15.8+12.9 0.822
JOA score 11.7+2.6 12+2.4 11.6+2.6 0.464
Values are mean = SD for each group.

VAS: visual analog scale

Cervical ROM: cervical range of motion

CL: cervical lordosis

JOA score: Japanese Orthopaedic Association score

Table 2 Preoperative cross-sectional area
All Neck pain (+) Neck pain (-) P
CPEMs at C3/4 level 1909.3+450.1 1874.9+458.4 1924.9+449.1 0.623
CPEMs at C4/5 level 1847.9+483.8 1744.7+455 1894.7+492.7 0.168
CPEMs at C5/6 level 1713.7+413.3 1681.3+437.7 1728.3+404.4 0.614
Total CPEMs 5470.9+1270.4 5301+1291.3 5547.9£1263.5 0.388
Trapezius at C3/4 level 234.6+102.6 216.9+85.3 242.7+109.2 0.264
Trapezius at C4/5 level 298.8+126.6 280.2+112.3 307.3+132.5 0.343
Trapezius at C5/6 level 653.8+229.7 671.7+199.4 645.7+243.2 0.616
Total trapezius 1187.3£357.6 1168.8+328.9 1195.6+372.1 0.739
Values are mean + SD for each group.
The Cross-sectional area (CSA) is shown as mm?>
CPEMs: cervical posterior extensor muscles
Total: C3/4+C4/5+C5/6
Table 3 Postoperative demographics and clinical characteristics
All Neck pain (+) Neck pain (-) P

No 93 29 64

VAS 34+2.4 4.8+2.5 2.7£2.2 <0.001
Cervical ROM (degree) 28.2+11.1 24.3+9.8 30.0+11.3 0.021
CL (degree) 9.2+13.6 6.3£10.6 10.5+14.6 0.176
JOA score 14.5+2.1 14+2.4 14.7+1.9 0.186

Values are mean + SD for each group.

Cervical ROM: cervical range of motion

CL: cervical lordosis

JOA score: Japanese Orthopaedic Association score
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Table 4 Postoperative cross-sectional area

All Neck pain (+) Neck pain (-) P
CPEMs at C3/4 level 1918.8+431.7 1895.6+506 1929.3+397.5 0.73
CPEMs at C4/5 level 1844.4+374.5 1831.2+463 1850.3+£330.9 0.821
CPEMs at C5/6 level 1792+351.6 1804.3+427 1786.5+£315.2 0.822
Total CPEMs 5555.2+1090.1 5531.1x1334.4 5566.1£971.3 0.887
Trapezius at C3/4 level 201.2+81.5 186.9+81.5 207.6+81.4 0.26
Trapezius at C4/5 level 277.5+126.5 265+116.3 283.2+131.4 0.524
Trapezius at C5/6 level 605+240.4 568.9+211.1 621.3+252.5 0.333
Total trapezius 1083.7+£351.6 1020.9+£329.4 1112.1£360.2 0.249

Values are mean + SD for each group.
The cross-sectional area is shown as mm?.
CPEMs: cervical posterior extensor muscles
Total: C3/4+C4/5+C5/6

Table 5 Preoperative and postoperative changes

Pre- Postoperative changes  All Neck pain (+) Neck pain (-) P

Change in VAS (cm) -1.3+3.5 2.4+2.3 —2.9+2.6 <0.001
JOA recovery rate (%) 52.6+36.5 40+44.8 58.3+30.8 0.024

CSA atrophy rate (%)

CPEMs at C3/4 level 2.9+29.8 1.8+23.7 3.5+£32.3 0.798

CPEMs at C4/5 level 2.4+29.1 -3.7+18.4 5.2£32.6 0.176

CPEMs at C5/6 level —2.6+25.4 —6.6+12.5 —-0.7+29.3 0.299

Total CPEMs 0.5+25.8 -3.3x15.2 2.2+29.3 0.344

Trapezius at C3/4 level 12.1£22.8 16+21.8 10.4+23.3 0.276

Trapezius at C4/5 level 4.1£26.1 4.1+22.3 4.1+27.8 0.994

Trapezius at C5/6 level 7.5+14.9 16.7+11.7 3.3x14.4 <0.001
Total trapezius 8.3+14.3 12.8+£13.2 6.2+14.4 0.041

Values are mean + SD for each group.

Change in VAS: postoperative VAS — preoperative VAS

JOA recovery rate: (postoperative JOA — preoperative JOA)/(17- preoperative JOA)x100
CSA atrophy rate: (preoperative CSA — postoperative CSA)/preoperative CSAx100
Total: C3/4+C4/5+C5/6

JOA score: Japanese Orthopaedic Association score

CSA: cross-sectional area

CPEMs: cervical posterior extensor muscles

VAS: visual analog scale

differences were found in the CSAs of the cervical posterior extensor muscles (Table 5).

Logistic regression analysis was performed on the items found to be significantly different
(postoperative cervical range of motion, JOA recovery rate, total CSA atrophy rate, and CSA
at the C5/6 level of the trapezius muscle). Only the CSA atrophy rate at the C5/6 level of the
trapezius muscle was significantly different, and was considered to be a risk factor for neck pain
(p = 0.001, odds ratio 0.881, 95% confidence interval: 0.818-0.948; Table 6).
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Table 6 Logistic regression analysis for risk factors of neck pain

B SE Wald  p OR 95%CTI
JOA recovery rate -0.019 0.01 3.55 0.06 0.982 0.963-1.001
Postoperative cervical ROM 45 0032 1996 0158  1.046  0.983-1.114
(degree)

CSA atrophy rate of total

. -0.043 0.026 2.709 0.1 0.958 0.909-1.008
trapezius (%)

CSA atrophy rate of trapezius

at C5/6 level (%) -0.127 0.038 11.485  0.001 0.881 0.818-0.948

JOA recovery rate: Japanese Orthopaedic Association recovery rate
ROM: range of motion

CSA: cross-sectional area

SE: standard error

OR: odds ratio

95%CI: 95% confidence interval

The estimated intra-class correlation for intra-observer error was 0.840, and the inter-observer
error was 0.830. The independent findings showed good agreement.

DISCUSSION

In the present study, the cervical posterior extensor muscles were not clearly associated with
postoperative neck pain. Rather, decreased trapezius muscle mass, especially in the lower cervical
spine, was associated with postoperative neck pain. Various studies have reported that the causes
of axial pain may be postoperative complications of cervical laminoplasty.'"'*!® However, to the
best of our knowledge, this study is the first to show an association between pre- and postopera-
tive muscle mass and postoperative neck pain by MRI evaluation of muscle CSA.

One recent study reported on the effect of muscle changes on axial pain after cervical
laminoplasty. Preservation of the cervical semispinalis muscles has been reported to reduce
postoperative neck pain.' In addition, it has been reported that preserving the C2, to which the
cervical semispinalis muscles are attached, reduces postoperative neck pain.” Preservation of the
C7 spinous process has further been reported to reduce postoperative neck pain by preserving the
attachment of the trapezius and rhomboid minor muscles to C7."2 In many instances, the midline
of the trapezius muscle is also attached to C6, and preservation of this muscle is reported to
reduce neck pain.”!

In the present study, trapezius muscle atrophy, especially in the lower trapezius muscle, was
associated with residual neck pain. Cervical semispinalis muscle atrophy was found not to play
a role in this study. An imbalance between the upper and lower trapezius muscles has been
reported to cause neck pain.’** In this study, cervical laminoplasty had damaged and atrophied
the upper trapezius muscle, and the degree of atrophy was more unbalanced because a greater
degree of atrophy resulted in neck pain. Decreased mobility of the cervical spine has also been
reported to cause cervical pain.’**” In this study, postoperative decreased range of motion of the
cervical spine was also associated with cervical pain.

The attachment of the trapezius ranges widely from the occipital bone to the T-12 spinous
process. In particular, the middle fibers of the trapezius are very strong due to the presence of
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a very strong tendinous component. In an anatomical study of 50 cadavers, Ono et al®® reported
that the middle fibers of the trapezius are attached to the spinous process between C3 and T3,
and its center was located at the C7 spinous process in more than half of the individuals. The C6
spinous process is the second longest spinous process other than C7 in the cervical region, and
it plays a role as an attachment point for these muscles. In this study, atrophy of the trapezius
muscle at the C5-6 level in the lower cervical area was associated with postoperative axial pain,
and the middle fibers of the trapezius muscle at the lower cervical level may have played an
important role in postoperative axial pain.

Preservation of the deep cervical extensor muscles does not play an important role in reduc-
ing axial neck pain after cervical laminoplasty, and these adverse effects after laminoplasty
are reported to be mainly due to detachment of the C2 and C7 spinous processes.” Similarly,
cervical posterior extensor muscle mass was not associated with postoperative neck pain in the
present study.

The results of this study suggest that preservation of the trapezius muscle may be desirable
for the prevention of neck pain after cervical laminoplasty. One solution may be to perform
lumbar spinous process-splitting laminectomy, as is performed for lumbar canal stenosis in the
lumbar spine, in cervical laminoplasty.*® However, in this study, it is unclear whether muscle
atrophy is a risk factor in the development of postoperative neck pain. The reason for this is
that muscle atrophy may occur as a result of disuse due to the limited range of motion caused
by postoperative neck pain. Therefore, future consideration and prospective investigation of such
an approach may lead to a reduction in future postoperative neck pain.

This study has some limitations. We believe that our assessment of axial pain was inadequate
based on several factors, including cervical pathology and psychological issues. The postoperative
follow-up period of 1 year is also fairly short. There were variations in the number of cervical
laminae that were operated on; nevertheless, the surgical procedure was uniform. Although the
effect of cervical alignment may cause differences in the CSAs of the muscles in each individual,
the rate of atrophy is calculated for each individual with respect to the pre- and postoperative
comparisons. Thus, the cervical alignment is thought to be corrected.

CONCLUSION

Cervical range of motion, postoperative outcomes, and trapezius muscle atrophy, especially of
the lower cervical vertebrae, are associated with neck pain after cervical laminoplasty. Trapezius
atrophy, especially of the lower cervical vertebrae, is associated with postoperative neck pain.
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