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Abstract
Study Design: A retrospective observational study.

Objective: To clarify the association of the paraspinal muscle area and composition with clinical features in patients with cervical
ossification of the posterior longitudinal ligament (OPLL).

Methods: Consecutive patients with cervical OPLL who underwent cervical magnetic resonance imaging (MRI) before surgery
were reviewed. The cross-sectional area (CSA) and fatty infiltration ratio (FI%) of deep posterior cervical paraspinal muscles
(multifidus [MF] and semispinalis cervicis [SCer]) were examined. We assessed the association of paraspinal muscle measure-
ments with the clinical characteristics and clinical outcomes, such as Neck Disability Index (NDI) score. Moreover, we divided the
patients into 2 groups according to the extent of the ossified lesion (segmental and localized [OPLL-SL] and continuous and mixed
[OPLL-CM] groups) and compared these variables between the 2 groups.

Results: 49 patients with cervical OPLL were enrolled in this study. The FI% of the paraspinal muscles was significantly associated
with the number of vertebrae (p = 0.283, p = 0.049) or maximum occupancy ratio of OPLL (p = 0.397, p = 0.005). The comparative
study results indicated that the NDI score was significantly worse (OPLL-SL, 22.9 + 13.7 vs. OPLL-CM, 34.4 + 13.7) and FI% of
SCer higher (OPLL-SL, 9.1 + 1.7% vs. OPLL-CM, I 1.1 + 3.7%) in the OPLL-CM group than those in the OPLL-SL group.

Conclusions: Our results suggest that OPLL severity may be associated with fatty infiltration of deep posterior cervical para-
spinal muscles, which could affect neck disability in patients with cervical OPLL.

Keywords
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Introduction

Ossification of the posterior longitudinal ligament (OPLL) is
an abnormal heterotopic bone formation in the posterior long-
itudinal ligament of the spine. Several epidemiological studies
have reported that obesity and diabetes mellitus (DM) are inde-
pendent risk factors for OPLL."* An OPLL mass often occu-
pies the spinal canal and compresses the spinal cord, which
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results in various neurological deficits and reduced health-
related quality of life.** In addition to neurological dysfunc-
tion, patients with cervical OPLL often have pain and stiffness
around the neck.”” Kaneko previously reported that 69% of
patients with cervical OPLL presented with neck/nuchal pain at
their first visit to a clinic.” A recent study reported that 61.2%
of patients with OPLL (n = 263) had neck pain.® However,
little is known about the factors associated with neck pain and
disability in patients with cervical OPLL.

Paraspinal muscle degeneration has been widely investi-
gated as a factor associated with low back pain in previous
studies.®*'* Pathological changes in paraspinal muscles with
aging include muscle atrophy and muscle composition
changes, such as fatty infiltration.'*'® The association between
fatty infiltration of paraspinal muscles and clinical symptoms
in patients with lumbar spine disease has been previously well-
investigated.'”'® Furthermore, the relationship between cervi-
cal paraspinal muscle degeneration and clinical symptoms or
clinical outcomes has been previously reported in patients with
cervical spine disease.'”*” Among cervical paraspinal muscles,
the deep posterior cervical extensors, including the multifidus
(MF) and semispinalis cervicis (SCer), attach vertebrae directly
to other vertebrae and have an essential role in stabilizing
cervical spine motion.>® The fatty infiltration of deep cervical
extensors has been previously reported to be associated with
various cervical pathophysiological conditions in traumatic
neck pain, degenerative cervical myelopathy, cervical radicu-
lopathy, and cervical deformity.'*>*?%2° However, we are not
aware of any reports on the association between the morphol-
ogy and composition of deep posterior cervical paraspinal mus-
cles and clinical features in patients with cervical OPLL.

In this study, we identify which factor is associated with
paraspinal muscle area or composition in patients with OPLL
and elucidate whether paraspinal muscle fatty infiltration is
associated with OPLL severity or cervical dysfunction in
patients with OPLL. We hypothesized that greater fatty infil-
tration of deep posterior paraspinal muscle would be associated
with worse cervical dysfunction or ossified lesion severity in
patients with cervical OPLL. To test this hypothesis, we exam-
ined the total cross-sectional area (CSA) and fatty infiltration
ratio (FI%) of the deep posterior cervical paraspinal muscles
(MF and SCer) and clarified the associations of these muscle
measurements with clinical characteristics and clinical out-
comes in patients with cervical OPLL. Furthermore, paraspinal
muscle measurements and clinical outcomes were compared
between patients with a relatively small extent of OPLL (seg-
mental and localized type) and patients with a relatively large
extent of OPLL (continuous and mixed type).

Methods

Patient Selection

The study protocol was approved by the institutional review
board of our hospital. A written informed consent for all pro-
cedures was obtained from all study participants. We

retrospectively reviewed 124 consecutive patients who had
been diagnosed with cervical OPLL based on neurological
examination and radiographic assessment and had undergone
cervical spine surgery (laminoplasty, posterior decompression
and fusion, or anterior decompression and fusion) between
April 2007 and September 2019 at our institution. Of these
124 patients, 73 had preoperative cervical magnetic resonance
imaging (MRI) scans, cervical computed tomography (CT)
scans, and cervical lateral radiographs in neutral, flexion, and
extension positions within 3 months before surgery. We
excluded 24 patients because of a history of cervical spine
surgery and unavailability for paraspinal muscle measurements
on a radiological workstation to evaluate the CSA and F1%, as
previously described by Sasaki et al.*! Consequently, 49
patients with cervical OPLL were enrolled in this study. MRI
examinations were mainly performed on a 3 Tesla MRI system
(Magnetom Skyra, Siemens Healthcare, Erlangen, Germany) at
our institution. The MRI protocol specified sagittal T2-
weighted imaging (repetition time, 4000 ms/echo; echo time,
89 ms; field of view, 280 x 280mm) and axial T2-weighted
imaging (repetition time, 4000 ms/echo; echo time, 91 ms; field
of view, 200 x 200mm). Detailed information on some MRI
protocols was unavailable because some patients who were
referred from different healthcare centers underwent MRI
examinations by different MRI systems. Sagittal images were
obtained for the entire cervical spine and axial images were
obtained for each cervical mid-disc level parallel to the verteb-
ral endplates.

Measurements of Cervical Paraspinal Muscles, Ossified
Lesion, and Radiographic Parameters

We used a radiological workstation specifically designed for
measurement of paraspinal muscle to measure the total CSA
(cm?) and F1% (%) of the deep posterior cervical paraspinal
muscles (MF and SCer) in the axial T2-weighted view (Fig-
ure 1).>' The procedures are detailed as follows: We deter-
mined the CSA of the paraspinal muscles by manually
constructing polygonal points around the outer edge of each
muscle (Figure 1). All pixels in the region of interest were
automatically sorted into 3 clusters (low, medium, and high
intensity) by counting the number of pixels and measuring the
signal intensity by the k-means method.? The high intensity
area was defined as the fatty infiltration area. The FI% was
calculated as the fatty infiltration area percentage (%, the fatty
infiltration area / total CSA). The measurements of cervical
paraspinal muscles were bilaterally obtained at mid-disc level
of C4/5 and C5/6 because a previous study had reported that
OPLL occurred more frequently at these spinal levels.>® The
measured values were expressed as the average of bilateral
measurements. We evaluated inter- and intrarater reliabilities
for the measurements of CSA and F1% of the deep posterior
cervical paraspinal muscles by calculating the intraclass corre-
lation coefficient (ICC). Two experienced spine surgeons (TD
and NO) investigated the interrater reliability in a sample of 10
randomly selected subjects (a total of 40 paraspinal muscle
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Figure 1. Measurement of the cross-sectional area (CSA) and fatty infiltration ratio (FI%) for the multifidus (MF) and semispinalis cervicis (SCer)
at C4/5 level. Axial T2-weighted magnetic resonance imaging (MRI) was used to measure the CSA and FI% at mid-disc C4/5 level (left). Each
region of interest was manually defined and automatically divided into 3 areas (low, medium, and high intensity areas) (right). The high intensity

area was defined as the fatty infiltration area.

measurements). The intrarater reliability was evaluated in these
10 subjects by making duplicate measurements by the same
observer (TD) with an interval of > 1 month. Values of 0.60-
0.80 indicated good reliability and of > 0.80 indicated excel-
lent reliability.>* The respective ICCs of the CSA and FI%
measurements for the interrater reliability were 0.868 and
0.755, indicating excellent and good reliability. The ICCs of
the CSA and FI% measurements for the intrarater reliability
were 0.966 and 0.884, indicating excellent reliability,
respectively.

The maximum occupancy ratio of the OPLL mass was exam-
ined in the sagittal view of reconstructed CT images (%, ante-
roposterior OPLL thickness /anteroposterior spinal canal
diameter). Furthermore, we assessed the number of vertebral
levels involved in OPLL in the sagittal CT view. The OPLL was
categorized into 4 types (continuous, segmental, mixed, and
localized) according to the Investigation of Public Health and
Welfare’s classification.> Moreover, patients with OPLL were
divided into 2 groups according to the extent of the ossified
lesion; the segmental and localized (OPLL-SL) group with a
relatively small extent of OPLL, and the continuous and mixed
(OPLL-CM) group with a relatively large extent of OPLL.

Radiographic parameters included the C2-7 angle and the
C2-7 range of motion (ROM) angle (°, degrees). The C2-7
angle, defined by tangential lines on the posterior edge of the
C2 and C7 vertebral body, was measured on lateral radiographs
in the neutral position. The C2-7 ROM angle was defined as the
sum of the C2-7 angles seen during flexion and extension on
lateral radiographs.*®

Data Collection

We collected the following patients’ characteristics and clinical
data at the time of the preoperative MRI examination by

examining the patients’ medical records: age, sex, body mass
index (BMI, kg/cmz), symptom duration (month), and comor-
bid DM.

We assessed the patients’ clinical outcomes within 7 days
before surgery using the following clinical outcome measures:
Numerical Rating Scale (NRS) score for neck pain, Neck Dis-
ability Index (NDI) score, the Japanese Orthopaedic Associa-
tion (JOA) score, physical component summary (PCS) and
mental component summary (MCS) of the Short Form-12
(SF-12) health survey, and EuroQol-5 Dimension (EQ-5D).

Statistical Analysis

Data are expressed as mean (standard deviation [SD]). Spear-
man’s correlation coefficient (p) was used to assess the cor-
relations between CSA and FI% of the paraspinal muscles
with clinical characteristics (age, male, BMI, symptom dura-
tion, and DM), clinical outcomes (NRS score for neck pain,
NDI score, JOA score, SF-12 PCS, MCS, and EQ-5D), and
radiographic parameters (C2-7 angle and C2-7 ROM angle).
The correlation coefficient was interpreted as follows: 0.1 <
|p| < 0.3 was considered weak, 0.3 < |p| < 0.5 moderate, and
Ip| > 0.5 strong correlation.’’” We compared all variables
between the OPLL-SL and OPLL-CM groups. We also per-
formed a propensity score-matched analysis because a previ-
ous study reported that age and sex could affect fatty
infiltration of cervical paraspinal muscles.>® Clinical factors
such as age and sex were included in the calculation of the
propensity score. A one-to-one matching procedure between
the 2 groups based on the estimated propensity score was used
in a logistic regression model. Continuous data were com-
pared by using the unpaired ¢ test, whereas categorical data
were compared by using Fisher’s exact test. All data were
analyzed by using IBM SPSS Statistics version 23 (IBM
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Table I. Patients’ Characteristics.

Patient Characteristics (n = 49) Mean (SD) or n (%)

Age, years 60.9 (12.5)
Male, n (%) 39 (79.6%)
BMI, kg/m* 26.4 (4.9)
Symptom duration, months 25.0 (27.7)
DM, n (%) 16 (32.7%)
Type of OPLL
Segmental, n (%) 18 (36.7%)
Continuous, n (%) 4 (8.2%)
Mixed, n (%) 18 (36.7%)
Localized, n (%) 9 (18.4%)
Clinical outcomes
NRS score for neck pain 2.9 (2.6)
NDI score 27.7 (14.2)
JOA score 11.0 (2.0)
SF-12 PCS 24.7 (13.2)
SF-12 MCS 53.3 (10.0)
EQ-5D 0.58 (0.13)
Number of vertebrae with OPLL, n 3.6 (1.7)
Maximum occupancy ratio of OPLL, % 45.9 (13.9)
Radiographic measurements
C2-7 angle, degrees 6.0 (9.4)
C2-7 ROM angle, degrees 28.7 (12.4)
CSA of paraspinal muscles
CSA of MF, cm? C4/5 2.0 (0.5)
C5/6 1.9 (0.5)
CSA of SCer, cm? C4/5 2.0 (0.5)
C5/6 2.2 (0.6)
FI% of paraspinal muscles
FI% of MF, % C4/5 13.9 (4.3)
C5/6 16.2 (5.1)
FI% of SCer, % C4/5 10.3 (3.4)
C5/6 9.3 (34)

BMI, body mass index; CSA, cross sectional area; DM, diabetes mellitus; EQ-5D,
EuroQol 5 Dimension; FI%, fatty infiltration ratio; JOA, Japanese Orthopaedic
Association; MCS, mental component summary; MF, multifidus muscle; NDI,
Neck Disability Index; NRS, Numerical Rating Scale; OPLL, ossification of the
posterior longitudinal ligament; PCS, physical component summary; ROM, range
of motion; SCer, semispinalis cervicis muscle; SD, standard deviation; SF-12,
Short Form-12.

Corp., Armonk, NY, USA). A p value of < 0.05 was consid-
ered statistically significant.

Results

Patients’ Characteristics

Table 1 presents the characteristics of the 49 eligible patients in
the study. The mean age was 60.9 (SD 12.5) years and 79.6%
were males. The following completion rates of clinical out-
comes were obtained: NRS score for neck pain, 95.9%; NDI
score, 100.0%; JOA score, 100.0%; SF-12 PCS and MCS,
81.6%; and EQ-5D, 91.8%. Regarding the type of surgery, 38
patients (77.6%) underwent cervical laminoplasty, 8 (16.3%)
underwent posterior decompression and fusion, and 3 (6.1%)
underwent anterior decompression and fusion.

Correlations Between Paraspinal Muscle Measurements
and Clinical Features

Table 2 presents the Spearman’s correlation coefficients
between the cervical paraspinal muscle measurements and
other variables. Among the clinical characteristics in patients
with OPLL, there were significant correlations between age
and FI% and between male sex and CSA for both paraspinal
muscles at C4/5 and C5/6 levels, respectively (Table 2). The
BMI indicated a significant positive correlation with CSA of
SCer at C4/5 (moderate, p = 0.357, p = 0.012) (Table 2).
Among factors related to the ossified lesion, the number of
vertebrae with OPLL was significantly associated with the F1%
of MF at C5/6 (weak, p = 0.283, p = 0.049) (Table 2). The
maximum occupancy ratio of OPLL was significantly associ-
ated with the FI% of SCer at C5/6 (moderate, p = 0.397, p =
0.005) (Table 2). With respect to clinical outcomes, none of
clinical outcomes indicated a significant association with para-
spinal muscle measurements.

Comparison of Paraspinal Muscle Measurements and
Clinical Outcomes Between the OPLL-SL and the OPLL-
CM Groups

Table 3 presents the results of a comparison data between the 2
groups (OPLL-SL group, 27 patients; OPLL-CM group, 22
patients). No significant differences were found in age, sex,
BMI, symptom duration, and comorbid DM between the 2
groups. A significantly greater number of vertebrae with OPLL
(OPLL-SL, 2.5 + 0.9 vs. OPLL-CM, 5.0 + 1.5, p < 0.001),
greater maximum occupancy ratio of OPLL (OPLL-SL, 40.3
+ 12.2% vs. OPLL-CM, 52.8 + 13.0%, p = 0.001), higher
NDI score (OPLL-SL, 22.2 + 12.7 vs. OPLL-CM, 34.5 +
13.3, p = 0.002), and lower C2-7 ROM angle (OPLL-SL,
34.8 + 10.4° vs. OPLL-CM, 21.3 + 10.6°, p < 0.001) were
observed in the OPLL-CM group compared with the OPLL-SL
group (Table 3). No significant differences were found in the
CSAs of the paraspinal muscles between the 2 groups (Table 3).
For the FI% of the paraspinal muscles, the F1% of MF and SCer
were relatively higher at both levels in the OPLL-CM group
than in the OPLL-SL group. In particular, the F1% of SCer at
C4/5 level was significantly higher in the OPLL-CM group
than in the OPLL-SL group (OPLL-SL, 8.9 + 2.3% vs.
OPLL-CM, 11.9 + 3.8%, p = 0.002) (Table 3).

Comparison of Paraspinal Muscle Measurements and
Clinical Outcomes Between the OPLL-SL and OPLL-CM
Groups Using a Propensity Score-Matched Analysis

After propensity score matching for age and sex, matched
OPLL-SL (n = 17) and OPLL-CM (n = 17) groups were
obtained (Table 4). Similar to the results in Table 3, a signif-
icantly higher NDI score (OPLL-SL,22.9 4+ 13.7 vs. OPLL-CM,
344 + 13.7, p = 0.020), lower C2-7 ROM angle (OPLL-SL,
32.7 + 11.0° vs. OPLL-CM, 20.5 + 10.8°, p = 0.003), and
higher FI% of SCer at C4/5 level (OPLL-SL, 9.1 + 1.7% vs.
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Table 2. Spearman’s Correlation Coefficients Between the Posterior Cervical Paraspinal Muscle Measurements and Clinical Characteristics,

Clinical Outcomes, or Radiographic Parameters.

CSA of NW CSA of SCer FI% of MF FI% of SCer

Factors

C4/5 C5/6 C4/5 C5/6 C4/5 C5/6 C4/5 C5/6
Age -0.055 -0.193 -0.097 -0.351 * 0.508 * 0.390 * 0.398 * 0.414*
Male 0.344 * 0.444 * 0.423 * 0.405 * 0014 -0.136 0.186 -0.201
BMI 0.108 0.26 0.357 * 0.269 -0.154 -0.170 -0.214 -0.11
Symptom duration 0.093 0.044 -0.247 0.161 0.113 0.141 -0.039 -0.324 *
DM 0.200 0.163 0.062 -0.046 -0.006 -0.074 -0.046 0.203
Number of vertebrae with OPLL -0.016 -0.08 -0.069 -0.049 0.019 0.283 * 0.257 0.208
Maximum occupancy ratio of OPLL 0.043 -0.007 0.008 -0.037 0.139 0.182 0.12 0.397 *
NRS score for neck pain -0.187 -0.257 -0.07 -0.16 -0.035 0.215 0.274 0.219
NDI score 0.052 -0.012 0.101 -0.015 -0.109 0.09 0.18 0.035
JOA score 0.123 0.185 -0.097 -0.105 0.216 -0.179 0.187 -0.036
SF-12 PCS 0.027 0.244 0.064 0.118 -0.009 0.235 0.024 -0.221
SF-12 MCS 0.132 -0.209 0.134 0.197 -0.016 0.053 -0.142 0.104
EQ-5D -0.008 -0.08 -0.103 0.032 0.066 0.137 0.056 0.042
C2-7 angle -0.145 0.209 -0.14 -0.041 0.166 0.142 0.195 -0.01
C2-7 ROM angle -0.010 0.087 -0.021 -0.030 -0.109 -0.109 -0.186 -0.173

BMI, body mass index; CSA, cross sectional area; DM, diabetes mellitus; EQ-5D, EuroQol 5 Dimension; FI%, fatty infiltration ratio; JOA, Japanese Orthopaedic
Association; MCS, mental component summary; MF, multifidus muscle; NDI, Neck Disability Index; NRS, Numerical Rating Scale; OPLL, ossification of the posterior
longitudinal ligament; PCS, physical component summary; ROM, range of motion; SCer, semispinalis cervicis muscle; SF-12, Short Form-12.

* Statistically significant value (p < 0.05).

OPLL-CM, 11.1 4+ 3.7%, p = 0.049) were observed in the
matched OPLL-CM group than in the matched OPLL-SL
group (Table 4). These results suggest that patients with a rela-
tively large extent of OPLL, which may cause reduced cervical
spine mobility, could have higher fatty infiltration of deep poster-
ior paraspinal muscles, resulting in worse neck-associated
symptoms.

Discussion

To the best of our knowledge, this is the first study to examine
the morphology and composition of deep posterior cervical
paraspinal muscles in patients with cervical OPLL. Our study
yielded the following findings: 1) ossified lesion severity was
positively associated with fatty infiltration of deep posterior
paraspinal muscles; 2) a significantly worse NDI score, lower
C2-7 ROM angle, and higher F1% of SCer were observed in the
OPLL-CM patients than in the OPLL-SL patients; and 3) sim-
ilar results were observed in a comparison between the propen-
sity score-matched groups. These findings suggest that OPLL
severity, as indicated by the number of vertebral levels or max-
imum occupancy ratio of OPLL, may affect the deep posterior
cervical paraspinal muscle composition and cervical spine
mobility, resulting in neck disability.

Decreased cervical spine mobility is one possible explana-
tion for the association between OPLL severity and fatty infil-
tration of deep posterior paraspinal muscles. Our results
indicated that patients with a large extent of OPLL (continuous
and mixed type of OPLL) had a lower C2-7 ROM angle and
higher FI% of SCer at C4/5 (Tables 3 and 4). Yuan et al.
reported that active cervical ROM was lower in patients with
OPLL than in the normal controls because multilevel vertebral

fusion caused by OPLL would adversely affect intervertebral
motion.*” Decreased cervical spine mobility by multilevel ossi-
fied lesion may facilitate the paraspinal muscle degeneration
owing to muscle disuse or unbalanced cervical spine motion.
Spinal cord compression caused by OPLL is another possible
reason for the association between OPLL severity and fatty
infiltration of the deep posterior paraspinal muscles. Previous
studies have suggested that fatty infiltration of paraspinal mus-
cles was associated with spinal cord compression in degenera-
tive cervical myelopathy.?’~***° Our results also indicated a
significant correlation between the FI% of SCer at C5/6 and
maximum occupancy ratio of OPLL in patients with cervical
OPLL (Table 2), and the FI% of the paraspinal muscles was
higher in the OPLL-CM group with a greater occupancy ratio
of OPLL than in the OPLL-SL group. Muscle fatty infiltration
is known to occur after skeletal muscle denervation, which is
reportedly caused by spinal cord compression in cervical spon-
dylotic myelopathy.*’ Further studies are needed to clarify the
mechanisms of paraspinal muscle degeneration in patients with
cervical OPLL.

Our study results suggest that the CSAs of deep posterior
paraspinal muscles had no significant correlation with OPLL
severity or clinical outcomes (Table 2), and the CSAs of para-
spinal muscles were comparable between the groups with dif-
ferent extents of OPLL (Tables 3 and 4). These findings
indicate that the deep posterior paraspinal muscle area may not
be altered according to the severity of ossification in patients
with cervical OPLL. Previous studies regarding posterior cer-
vical paraspinal muscles had mostly focused on the relationship
between paraspinal muscle fatty infiltration and clinical results
and had not examined the CSA of each paraspinal mus-
cle.223-252% Tamai et al. reported that the paraspinal muscle
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Table 3. Comparison of Demographic Data, Clinical Outcomes,
Radiographic Measurements, and Cervical Paraspinal Muscle
Measurements Between the OPLL-SL and the OPLL-CM Groups.

OPLL-SL OPLL-CM
n=27 n=22 p value
Age, years 58.6 (13.7) 63.7 (10.4) 0.150
Male, n (%) 24 (88.9%) I5(68.2%)  0.090
BMI, kg/m* 26.5 (5.0) 26.3 (4.8) 0.901
Symptom duration, months  24.1 (29.6) 26.0 (27.3) 0.549
DM, n (%) 10 (37.0%) 6 (304%) 0.767
Number of vertebrae with 2.5(0.9) 5.0 (1.5) < 0.001
OPLL, n
Maximum occupancy ratio of  40.3 (12.2) 52.8 (13.0) 0.001
OPLL, %
Clinical symptoms and
outcomes
NRS score for neck pain 2.5 (2.6) 3.4 (2.6) 0.244
NDI score 22.2 (12.7) 34.5 (13.3) 0.002
JOA score 1.3 (2.1) 10.6 (2.0) 0.243
SF-12 PCS 25.7 (13.7) 23.2 (12.9) 0.565
SF-12 MCS 53.2 (11.0) 53.6 (8.7) 0.888
EQ-5D 0.58 (0.14) 0.58 (0.13) 0.936
Radiographic measurements
C2-7 angle, degrees 7.5 (9.9) 4.1 (8.7) 0.219
C2-7 ROM angle, degrees  34.8 (10.4) 21.3(10.6) < 0.001
CSA of paraspinal muscles
CSA of MF, cm? C4/5 2.0 (0.4) 2.0 (0.6) 0.633
C5/6 1.9 (0.5) 1.8 (0.6) 0.764
CSA of SCer, cm®>  C4/5 2.0 (04) 2.0 (0.7) 0.743
C5/6 23 (04) 2.1 (0.7) 0.319
FI% of paraspinal muscles
FI% of MF, % C4/5 13.0 (4.2) 15.0 (4.2) 0.098
C5/6 149 (4.9) 17.8 (5.0) 0.052
FI% of SCer, % C4/5 89 (23) 11.9 (3.8) 0.002
C5/6 8.5 (3.2) 10.3 (3.5) 0.070

BMI, body mass index; CSA, cross sectional area; DM, diabetes mellitus; EQ-5D,
EuroQol 5 Dimension; F, fatty infiltration; JOA, Japanese Orthopaedic Associ-
ation; MCS, mental component summary; MF, multifidus muscle; NDI, Neck
Disability Index; NRS, Numerical Rating Scale; OPLL, ossification of the poster-
ior longitudinal ligament; PCS, physical component summary; ROM, range of
motion; SCer, semispinalis cervicis muscle; SF-12, Short Form-12. Data are
expressed as mean (standard deviation).

volume was significantly associated with the cervical balance
parameters, such as the C2-7 angle or T1 slope, and disc degen-
eration by calculating the adjusted CSA ratio (the muscle CSA
divided by the vertebral CSA) in patients with neck pain or
radiculopathy.®® In our study, no significant correlation was
found between the CSA with cervical alignment (C2-7 angle)
or cervical spine mobility (C2-7 ROM angle) (Table 2). The
difference between our results and previous study results may
be caused by differences in the methods for evaluating CSAs of
paraspinal muscles or targeted patients. A detailed analysis
regarding the CSAs of posterior paraspinal muscles may shed
light on the association between paraspinal muscle area and
clinical outcomes in cervical spine disease.

Our results revealed that the NDI score was worse and F1%
of SCer higher for the OPLL-CM patients with a relatively
large extent of OPLL than the OPLL-SL patients with a

Table 4. Comparison of Demographic Data, Clinical Outcomes,
Radiographic Measurements, and Cervical Paraspinal Muscle
Measurements Between the OPLL-SL and the OPLL-CM Groups
Using a Propensity Score Matched Analysis.

matched matched
OPLL-SL OPLL-CM
n=17 n=17 p value
Age, years 61.2 (11.3) 63.1(10.9) 0.625
Male, n (%) 14 (82.4%) 14 (82.4%) 1.000
BMI, kg/m* 26.9 (5.1) 27.1 (4.9) 0.952
Symptom duration, months 16.0 (19.6) 25.2 (27.0) 0.265
DM, n (%) 8 (47.1%) 5(294%) 0.48I
Number of vertebrae with 2.5 (0.8) 5.2 (1.6) < 0.001
OPLL, n
Maximum occupancy ratio of  41.8 (10.8) 52.6 (14.3) 0.018
OPLL, %
Clinical symptoms and
outcomes
NRS score for neck pain 2.3 (2.5) 34 (24) 0.202
NDI score 229 (13.7) 344 (13.7) 0.020
JOA score .1 2.1 104 (2.1) 0.297
SF-12 PCS 26.2 (10.7) 23.6 (13.9) 0.594
SF-12 MCS 50.7 (9.3) 54.3 (9.4) 0.317
EQ-5D 0.58 (0.10) 0.58 (0.14) 0.929
Radiographic measurements
C2-7 angle, degrees 8.4 (8.9) 3.6 (9.5) 0.135
C2-7 ROM angle, degrees  32.7 (11.0) 20.5 (10.8) 0.003
CSA of paraspinal muscles
CSA of MF, cm? C4/5 1.9 (0.5) 2.1 (0.6) 0.241
C5/6 2.0 (0.5) 1.9 (0.6) 0.384
CSA of SCer, cm®>  C4/5 2.1 (0.4) 2.0 (0.7) 0.737
C5/6 2.4 (0.4) 2.2 (0.8) 0.613
FI% of paraspinal muscles
FI% of MF, % C4/5 133 (43) 13.9 (2.9) 0.661
C5/6  15.7 (4.6) 17.6 (5.3) 0.272
FI% of SCer, % C4/5 9.1 (1.7) .1 (3.7) 0.049
C5/6 8.7 (5.3) 10.2 3.3) 0.134

BMI, body mass index; CSA, cross sectional area; DM, diabetes mellitus; EQ-5D,
EuroQol 5 Dimension; Fl, fatty infiltration; JOA, Japanese Orthopaedic Associ-
ation; MCS, mental component summary; MF, multifidus muscle; NDI, Neck
Disability Index; NRS, Numerical Rating Scale; OPLL, ossification of the poster-
ior longitudinal ligament; PCS, physical component summary; ROM, range of
motion; SCer, semispinalis cervicis muscle; SF-12, Short Form-12. Data are
expressed as mean (standard deviation).

relatively small extent of OPLL (Tables 3 and 4). Many studies
have previously reported the relationship between fatty infil-
tration of lumbar paraspinal muscles and low back pain.®'* In
the field of the cervical spine, Elliot et al. reported that the NDI
score was associated with fatty infiltration of posterior cervical
muscles after whiplash injury.*' Similarly, Kim et al. reported
that fatty infiltration of cervical extensor muscles was signifi-
cantly correlated with the visual analog scale score for neck
pain and the NDI score in patients who had neck pain.*> Our
finding that neck disability could be associated with fatty infil-
tration of deep posterior paraspinal muscles according to the
severity of OPLL, is consistent with these previous results.**!
Clinical manifestations, paraspinal muscle degeneration, and
OPLL morphology may have a complex interaction with each
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other and lead to a cycle of repeated neck-associated clinical
problems. A better understanding of the mechanisms underly-
ing the development of clinical manifestations owing to para-
spinal muscle degeneration could contribute toward better
clinical management of patients with cervical OPLL.

The results of correlation analysis between paraspinal mus-
cle measurements and clinical characteristics revealed that
higher age was significantly associated with higher fatty infil-
tration and male sex was significantly associated with a higher
CSA of paraspinal muscles. These results correspond to previ-
ous results.*'*® Conversely, the BMI had no significant asso-
ciation with paraspinal muscle measurements except for the
CSA of SCer at C4/5 (Table 2). Compositional variations in
intramuscular adipose tissue at different body locations have
been shown to be related to BMI as well as age and sex.****
OPLL patients reportedly have been associated with several
metabolic disorders, such as DM and obesity."* The composi-
tional changes in intramuscular fat tissue may be different
between patients with and without OPLL. Thus, future direc-
tions for investigation may include comparisons between
OPLL patients and normal controls.

This study has several limitations. First, the number of
patients studied was small because cervical OPLL is a rela-
tively rare disease and this study was conducted in a single
center, due to which it was not possible to fully examine the
association between paraspinal muscle measurements and clin-
ical features. Prospective large cohort studies are needed to
further confirm and extend our findings. Second, the timing
between the imaging examination (within 3 months before sur-
gery) and clinical outcome investigation (within 7 days before
surgery) varied. However, we believe that this inconsistent
timing between the imaging study and clinical outcomes had
only a small effect on our results because fatty infiltration of
the paraspinal muscles may not be altered in such a short
period. Third, this study did not examine postoperative clinical
outcomes because the study participants underwent different
surgical procedures, which inevitably had a large effect on
postoperative paraspinal muscle morphology and clinical
results. Further investigation regarding the effect of preopera-
tive paraspinal muscle degeneration on postoperative outcomes
is needed in cervical spine pathophysiology including cervical
OPLL. Fourth, some clinical outcomes had not been com-
pletely administered, which may have affected the results of
this study. Fifth, some of the MRI was generated on different
MRI systems with potentially different protocols, which could
have resulted in possible inaccurate MRI measurements. Future
studies should use standardized MRI systems and protocols.
Finally, other posterior cervical extensors, such as the semispi-
nalis capitis or splenius capitis, and anterior cervical flexors
were not investigated in this study. We focused on deep poster-
ior cervical paraspinal muscles, such as the MF and SCer,
because these muscles have a critical role in postural stability
through their deep attachments to the cervical spine.'” Further
study is needed to achieve more reliable results. However,
despite these limitations, this is the first study to clarify the
associations of the paraspinal muscle degeneration with

clinical manifestations or ossified lesion severity in patients
with cervical OPLL. This may imply the potential benefit of
physical therapy to avoid paraspinal muscle degeneration and
alleviate cervical disability in patients with OPLL. Our find-
ings would encourage clinicians to consider paraspinal muscle
fatty infiltration and cervical manifestations in patients with
cervical OPLL and to provide better patient instruction and
clinical management including physical therapy.

Conclusions

Our results suggest that fatty infiltration of deep posterior cer-
vical paraspinal muscles is associated with the severity of
OPLL, such as the number of vertebrae with OPLL and occu-
pancy ratio of OPLL, and could have effects on cervical dis-
ability in patients with cervical OPLL. Patients with a large
extent of OPLL, which could cause reduced cervical spine
mobility, were more likely to have worse neck-associated clin-
ical manifestations owing to deep posterior paraspinal muscle
degeneration.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article. YT reports personal fees from ZOZO, Inc, outside the sub-
mitted work. HO reports personal fees from AYUMI Pharmaceutical
Corporation, personal fees from Nippon Zoki Pharmaceutical Co.,
Ltd., personal fees from Ono Pharmaceutical Co., Ltd., personal fees
from Sompo Holdings, Inc, personal fees from NuVasive Japan, Inc,
personal fees from Promotion of Practical Use of Al Medical Diag-
nosis Support Equipment, personal fees from MS&AD InterRisk
Research & Consulting, Inc, personal fees from Inotech Corporation,
personal fees from Chugai Pharmaceutical CO., LTD, personal fees
from The Association for Preventive Medicine of Japan, grants from
Pfizer Inc, personal fees from Shionogi & Co., Ltd., personal fees
from MTG Co., Ltd., outside the submitted work. KM is a share-
holder/an adviser of Trunk Solution CO., Ltd. and received the fol-
lowing support: a research grant from the Ministry of Health, Labour
and Welfare; grant support from Sompo Holdings, Inc, MS&AD Inter-
Risk Research & Consulting, Inc., Inotech Co., Ltd.,, NUVASIVE
Japan MTG Co., Ltd. DeNA, Medical Data Scientist and Medical
Al Device Development Organization, The Association for Preventive
Medicine of Japan, Murata Manufacturing Co., Ltd. including per-
sonal fees from Nippon Zoki Pharmaceutical Co., Ltd., Ono Pharma-
ceutical Co. Ltd., Chugai Pharmaceutical Co., Ltd., AYUMI
Pharmaceutical Corporation, Shionogi & Co., Ltd.; lecture fees from
Eli Lilly Japan K.K., Pfizer Japan Inc., Hisamitsu Pharmaceutical Co.,
Inc., outside the submitted work. ST has received honoraria from
Amgen inc., ASAHI KASEI PHARMA CORPORATION, Amgen
Astellas BioPharma K.K., KYOCERA Medical Corporation, DAII-
CHI SANKYO COMPANY, LIMITED, TEIJIN PHARMA LIM-
ITED., Eli Lilly Japan K.K., Pfizer Japan Inc., endowments from
Astellas Pharma Inc., AYUMI Pharmaceutical Corporation, Bris-
tol.Myers Squibb, Pfizer Japan inc, DAIICHI SANKYO COMPANY
LIMITED, Chugai Pharmaceutical Co., Ltd, and grants from The
Japan Agency for Medical Research and Development (AMED),
Japan Society for the Promotion of Science (JSPS)/ Grant.in.Aid for
Scientific Research (A), and the Japan Society for the Promotion of



Doi et al

15

Science (JSPS)/Grant.in.Aid for Exploratory Research., outside the
submitted work.

Ethical Approval

The study approval was given by the institutional review board of the
Clinical Research Support Center of the University of Tokyo Hospital
(Approval no. 10335).

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: YO reports
grants from Depuy Synthes, grants from Medtronic Japan, grants from
Olympus Terumo Biomaterials Corp., grants from Stryker Japan K.K.,
grants from Nuvasive Japan Inc., outside the submitted work.

ORCID iDs

Hiroyuki Nakarai, MD
Yoshitaka Matsubayashi, MD
5774

Yasushi Oshima, MD, PhD (£ https://orcid.org/0000-0003-4696-1846

https://orcid.org/0000-0003-4908-309X
https://orcid.org/0000-0002-2087-

References

1. Kobashi G, Washio M, Okamoto K, et al. High body mass index
after age 20 and diabetes mellitus are independent risk factors for
ossification of the posterior longitudinal ligament of the spine in
Japanese subjects: a case-control study in multiple hospitals.
Spine (Phila Pa 1976). 2004;29(9):1006-1010.

2. Shingyouchi Y, Nagahama A, Niida M.Ligamentous ossification
of the cervical spine in the late middle-aged Japanese men. Its
relation to body mass index and glucose metabolism. Spine (Phila
Pa 1976). 1996;21(21):2474-2478.

3. Matsunaga S, Sakou T. Ossification of the posterior longitudinal
ligament of the cervical spine: etiology and natural history. Spine
(Phila Pa 1976). 2012;37(5):E309-E314.

4. Onji Y, Akiyama H, Shimomura Y, Ono K, Hukuda S, Mizuno S.
Posterior paravertebral ossification causing cervical myelopathy.
A report of eighteen cases. J Bone Joint Surg Am. 1967;49(7):
1314-1328.

5. Fujimori T, Le H, Ziewacz JE, Chou D, Mummaneni PV. Is there
a difference in range of motion, neck pain, and outcomes in
patients with ossification of posterior longitudinal ligament ver-
sus those with cervical spondylosis, treated with plated lamino-
plasty? Neurosurg Focus. 2013;35(1):E9.

6. Hirai T, Yoshii T, Ushio S, et al. Clinical characteristics in
patients with ossification of the posterior longitudinal ligament:
a prospective multi-institutional cross-sectional study. Sci Rep.
2020;10(1):5532.

7. K K. Clinical Manifestation of Cervical OPLL. OPLL: Ossifica-
tion of the Posterior Longitudinal Ligament. 2nd ed. Springer;
2006:115-120.

8. Alaranta H, Tallroth K, Soukka A, Heliovaara M. Fat content of
lumbar extensor muscles and low back disability: a radiographic
and clinical comparison. J Spinal Disord. 1993;6(2):137-140.

9. Campbell WW, Vasconcelos O, Laine FJ. Focal atrophy of the
multifidus muscle in lumbosacral radiculopathy. Muscle Nerve.
1998;21(10):1350-1353.

10.

11.

12.

13.

15.

17.

18.

19.

20.

21.

22.

23.

24.

Fortin M, Macedo LG. Multifidus and paraspinal muscle group
cross-sectional areas of patients with low back pain and control
patients: a systematic review with a focus on blinding. Phys Ther.
2013;93(7):873-888.

Kader DF, Wardlaw D, Smith FW. Correlation between the MRI
changes in the lumbar multifidus muscles and leg pain. Clin
Radiol. 2000;55(2):145-149.

Kjaer P, Bendix T, Sorensen JS, et al. Are MRI-defined fat infil-
trations in the multifidus muscles associated with low back pain?
BMC Med 2007;5:2.

van Tulder MW, Assendelft WJ, Koes BW, et al. Spinal radio-
graphic findings and nonspecific low back pain. A systematic
review of observational studies. Spine (Phila Pa 1976). 1997,
22(4):427-434.

. Crawford RJ, Filli L, Elliott JM, et al. Age- and level-dependence

of fatty infiltration in lumbar paravertebral muscles of healthy
volunteers. AJNR Am J Neuroradiol. 2016;37(4):742-748.
Janssen I, Heymsfield SB, Wang ZM, Ross R. Skeletal muscle
mass and distribution in 468 men and women aged 18-88yr. J
Appl Physiol (1985). 2000;89(1):81-88.

. Lee SH, Park SW, Kim YB, Nam TK, Lee YS. The fatty

degeneration of lumbar paraspinal muscles on computed tomo-
graphy scan according to age and disc level. Spine J. 2017;
17(1):81-87.

Cooley JR, Walker BF, Ardakani EM, Kjaer P, Jensen TS, Hebert
JJ. Relationships between paraspinal muscle morphology and
neurocompressive conditions of the lumbar spine: a systematic
review with meta-analysis. BMC Musculoskelet Disord. 2018;
19(1):351.

Ranger TA, Cicuttini FM, Jensen TS, et al. Are the size and
composition of the paraspinal muscles associated with low back
pain? A systematic review. Spine J. 2017;17(11):1729-1748.
Abbott R, Pedler A, Sterling M, et al. The geography of fatty
infiltrates within the cervical multifidus and semispinalis cervicis
in individuals with chronic whiplash-associated disorders.
J Orthop Sports Phys Ther. 2015;45(4):281-288.

Cloney M, Smith AC, Coffey T, et al. Fatty infiltration of the
cervical multifidus musculature and their clinical correlates in
spondylotic myelopathy. J Clin Neurosci. 2018;57:208-213.
Elliott J, Jull G, Noteboom JT, Darnell R, Galloway G, Gibbon
WW. Fatty infiltration in the cervical extensor muscles in persis-
tent whiplash-associated disorders: a magnetic resonance imaging
analysis. Spine (Phila Pa 1976). 2006;31(22):E847-E855.
Elliott JM, Pedler AR, Jull GA, Van Wyk L, Galloway GG,
O’Leary SP. Differential changes in muscle composition exist
in traumatic and nontraumatic neck pain. Spine (Phila Pa
1976). 2014;39(1):39-47.

Fortin M, Dobrescu O, Courtemanche M, et al. Association
between paraspinal muscle morphology, clinical symptoms, and
functional status in patients with degenerative cervical myelopa-
thy. Spine (Phila Pa 1976). 2017;42(4):232-239.

Hou X, Lu S, Wang B, Kong C, Hu H. Morphologic characteris-
tics of the deep cervical paraspinal muscles in patients with
single-level cervical spondylotic myelopathy. World Neurosurg.
2020;134:e166-¢171.



Global Spine Journal 13(1)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kim CY, Lee SM, Lim SA, Choi Y-S. Impact of fat infiltration in
cervical extensor muscles on cervical lordosis and neck pain: a
cross-sectional study. Clin Orthop Surg. 2018;10(2):197-203.
Mitsutake T, Sakamoto M, Chyuda Y, et al. Greater cervical
muscle fat infiltration evaluated by magnetic resonance imaging
is associated with poor postural stability in patients with cervical
spondylotic radiculopathy. Spine (Phila Pa 1976). 2016;41(1):
ES-E14.

Passias PG, Segreto FA, Bortz CA, et al. Fatty infiltration of
cervical spine extensor musculature: is there a relationship
with cervical sagittal balance? Clin Spine Surg. 2018;31(10):
428-434.

Tamai K, Grisdela P, Jr., Romanu J, et al. The impact of
cervical spinal muscle degeneration on cervical sagittal bal-
ance and spinal degenerative disorders. Clin Spine Surg. 2019;
32(4):E206-E213.

Thakar S, Mohan D, Furtado SV, et al. Paraspinal muscle mor-
phometry in cervical spondylotic myelopathy and its implications
in clinicoradiological outcomes following central corpectomy:
clinical article. J Neurosurg Spine. 2014;21(2):223-230.

Nolan JP, Jr., Sherk HH. Biomechanical evaluation of the exten-
sor musculature of the cervical spine. Spine (Phila Pa 1976).
1988;13(1):9-11.

Sasaki T, Yoshimura N, Hashizume H, et al. MRI-defined para-
spinal muscle morphology in Japanese population: the Wakayama
Spine Study. PLoS One. 2017;12(11):e0187765.

Hartigan J, Wong M. A K-means clustering algorithm. Appl Stat.
1979;28(1):100-108.

Fujimori T, Watabe T, Iwamoto Y, Hamada S, Iwasaki M, Oda T.
Prevalence, concomitance, and distribution of ossification of the
spinal ligaments: results of whole spine CT scans in 1500 Japa-
nese patients. Spine (Phila Pa 1976). 2016;41(21):1668-1676.
Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing
rater reliability. Psychol Bull. 1979;86(2):420-428.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Tsuyama N. Ossification of the posterior longitudinal ligament of
the spine. Clin Orthop Relat Res. 1984;(184):71-84.

Oichi T, Oshima Y, Oka H, et al. Is high T-1 slope a significant
risk factor for developing interlaminar bony fusion after cervical
laminoplasty? A retrospective cohort study. J Neurosurg Spine
2017;27(6):627-632.

Cohen J. Statistical Power Analysis for the Behavioral Sciences.
2nd ed. Erlbaum; 1988.

Burian E, Franz D, Greve T, et al. Age- and gender-related varia-
tions of cervical muscle composition using chemical shift
encoding-based water-fat MRI. Eur J Radiol 2020;125:108904.
Yuan W, Zhu Y, Liu X, et al. Postoperative three-dimensional
cervical range of motion and neurological outcomes in patients
with cervical ossification of the posterior longitudinal ligament:
cervical laminoplasty versus laminectomy with fusion. Clin Neu-
rol Neurosurg. 2015;134:17-23.

Liu FJ, Sun YP, Shen Y, Ding W-Y, Wang L-F. Prognostic value
of magnetic resonance imaging combined with electromyography
in the surgical management of cervical spondylotic myelopathy.
Exp Ther Med. 2013;5(4):1214-1218.

Elliott JM, Courtney DM, Rademaker A, Pinto D, Sterling MM,
Parrish TB. The rapid and progressive degeneration of the cervi-
cal multifidus in whiplash: an MRI study of fatty infiltration.
Spine (Phila Pa 1976). 2015;40(12):E694-E700.

Dahlqvist JR, Vissing CR, Hedermann G, Thomsen C, Vissing J.
Fat replacement of paraspinal muscles with aging in healthy
adults. Med Sci Sports Exerc. 2017;49(3):595-601.

Hicks GE, Simonsick EM, Harris TB, et al. Cross-sectional asso-
ciations between trunk muscle composition, back pain, and phys-
ical function in the health, aging and body composition study. J
Gerontol A Biol Sci Med Sci. 2005;60(7):882-887.

Schlaeger S, Inhuber S, Rohrmeier A, et al. Association of para-
spinal muscle water-fat MRI-based measurements with isometric
strength measurements. Eur Radiol. 2019;29(2):599-608.



