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Ossification of the posterior longitudinal ligament (OPLL) is a progressive disease. The bridging of 
ossified lesions to the vertebral body gradually increases, thereby decreasing the mobility of the 
cervical spine; thus, cervical spine function may decrease over time. However, cervical spine function 
in patients with cervical OPLL has not been evaluated in large prospective studies. Therefore, we 
conducted a prospective multicenter study to clarify whether ossification spread can influence cervical 
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spine function and quality of life (QOL) in patients with cervical OPLL. In total, 238 patients (162 
men, 76 women; mean age, 63.9 years) were enrolled from 16 institutions. Each patient underwent 
whole spine computed tomography and was evaluated for cervical spine function and QOL using the 
Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ). In the 
multivariate regression analysis, a higher neck VAS score and a larger number of bridge formations 
of OPLL in the whole spine were significant predictors of adverse outcomes related to cervical spine 
function. This is the first prospective multicenter study to reveal the impact of ossification spread on 
cervical spine function. These findings are important to understand the natural course of OPLL and can 
serve as controls when evaluating postoperative cervical spine function.

Ossification of the posterior longitudinal ligament (OPLL) was first described by Key in  18381, and the concept 
of OPLL has been widely used since Tsukimoto published an autopsy case report on this subject in  19602. OPLL 
is characterized by the replacement of ligamentous tissue by ectopic bone formation and has been recognized as 
one of the main causes of cervical  myelopathy2–4. Although several reports have demonstrated the pathophysiol-
ogy of OPLL, its clinical features, and outcome data of surgical  treatments3–5, there are few reports on cervical 
spine function in patients with OPLL. Because OPLL is a progressive disease, the bridging of ossified lesions to 
the vertebral body gradually increases, thereby decreasing the mobility of the cervical spine; thus, cervical spine 
function and quality of life (QOL) may decrease over time. Understanding cervical spine function in patients 
with OPLL who had been treated conservatively is important in evaluating the natural history of OPLL and the 
side effects of surgical treatment, in particular, of posterior surgery.

Although the Japanese Orthopaedic Association (JOA)  score6 is used as a functional assessment of cervical 
myelopathy worldwide, the scoring system does not include cervical spine function and neck pain, both of which 
seriously impact patients’ QOL (Supplemental Table 1). In 2007, the JOA established a self-administered ques-
tionnaire, the Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire (JOACMEQ), 
as a new outcome measurement tool for patients with cervical myelopathy, which included measurements of 
cervical spine function such as neck pain, stiff neck, disability, and QOL (Supplemental Table 2)7.

In this study, we conducted a prospective multicenter study of patients with cervical OPLL who had been 
treated conservatively to evaluate the existence and distribution of OPLL in the whole spine using computed 
tomography (CT). Ossification spread in the whole spine is represented by the OPLL ossification index (OP-
index), which was defined as the sum of the levels of ossification at the vertebral bodies and the intervertebral 
 discs8–10. Similarly, when the ossified lesions formed a bridge with the posterior border of the adjacent vertebral 
body, it was judged as “bridge formation”9 .We examined the bridge formations of OPLL in the whole spine. 
Furthermore, we investigated cervical spine function and QOL using the JOACMEQ. The purpose of this study 
was to clarify whether a higher OP-index and/or a larger number of bridge formations of OPLL can influence 
cervical spine function and QOL in patients with cervical OPLL.

Materials and methods
This prospective multicenter study was conducted at the 16 institutions of the Japanese Multicenter Research 
Organization for Ossification of the Spinal Ligament established by the Japan Ministry of Health, Labour and 
Welfare. This study was approved by the institutional review board of each institution and performed in accord-
ance with approved guidelines and in compliance with the principles of the Declaration of Helsinki. Informed 
consent was obtained from all patients before enrollment. This study included non-surgically treated patients with 
cervical OPLL diagnosed by neck radiographs who had symptoms such as neck pain, numbness in the upper or 
lower extremities, clumsiness, or gait disturbance. The conservative treatment included close observation and/or 
pain management medication. Patients who had a history of previous cervical surgeries and were younger than 
20 years were excluded. Each patient underwent whole spine CT and was evaluated based on the JOACMEQ. A 
total of 238 patients (162 men, 76 women; mean age, 63.9 years; range, 36–92 years) were enrolled prospectively 
from September 2015 to December 2017.

Cervical spine function and radiological examinations including the extent of ossified lesions obtained from 
CT images of the whole spine in conservatively treated OPLL patients were conducted. In addition, we examined 
the effects of the spread of ossification on cervical spine function.

Clinical examinations. Age, sex, height, weight, body mass index (BMI), and presence of diabetes mellitus 
(DM) were recorded as basic clinical data. The clinical status was evaluated using the JOA score and JOACMEQ. 
The JOA score is a 17-point instrument where points are assigned based on the ratings of motor function, 
sensory function, and urinary bladder function that is used as a functional assessment of cervical myelopathy 
worldwide. The JOACMEQ, which is a self-administered questionnaire, includes 24 questions corresponding to 
five domains: Q1 (cervical spine function), Q2 (upper extremity function), Q3 (lower extremity function), Q4 
(bladder function), and Q5 (quality of life). The score of each domain ranges from 0 to 100 and is proportional 
to the patients’ clinical conditions; a normal score is 100 points. Cervical spine function was evaluated using four 
questions: Q1-1 and Q1-2 (neck extension), Q1-3 (neck rotation), and Q1-4 (neck flexion) from domain Q1 of 
the JOACMEQ (Table 1). The score for the cervical spine function domain was calculated as follows (points): 
Q1-1 × 20 + Q1-2 × 10 + Q1-3 × 15 + Q1-4 × 5 − 50. The 100-mm visual analog scale (VAS) was used to evaluate 
the degree of pain or stiffness in the neck or shoulders.
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Radiological examinations. The OPLL incidence in the whole spine from the clivus to S1 was evalu-
ated using mid-sagittal CT images. Observed ossified lesions were recorded for each vertebral body and at the 
intervertebral disc level. We recorded the OP-index not only for the cervical spine (0–14; C1, C1/C2…C7, C7/
T1) but also for the whole spine (0–49; C1… S1). Using a previously reported  method8, we categorized patients 
into three groups according to the cervical OP-index: Grade 1 (cervical OP-index, ≤ 5), Grade 2 (cervical OP-
index, 6–9), and Grade 3 (cervical OP-index, ≥ 10). Furthermore, we examined the bridge formation of OPLL 
from the cervical spine (0–7; C1/C2…C7/T1) to the whole spine (0–24; C1/C2…L5/S1) (Fig. 1). All CT data 
were evaluated by six experienced spine surgeons (KK, KM, SM, NN, SU, and KT). Before the analysis, all 
observers read the same CT images of 20 patients to confirm interobserver intra-class correlation coefficients 
(ICCs). The mean interobserver ICC was 0.83 (0.79–0.85), indicating a substantial agreement and consistency 
with previous  results8.

Statistical analyses. Data were expressed as mean and standard deviations. Differences between groups 
were evaluated using Mann–Whitney U-tests. Kruskal–Wallis analysis was applied to compare the four ques-
tions of the cervical spine function domain in the JOACMEQ, the three groups according to cervical OP-index 
grade, and the five different age groups. Spearman’s rank correlation coefficients between the clinical or radio-
logical findings and cervical spine function were calculated. We categorized patients into two groups based 
on points for cervical spine function: good cervical function (≥ 50 points) and poor cervical function (< 50 
points), and multiple logistic regression analysis was performed to identify variables independently associated 
with cervical spine function. First, the significance of the variables was evaluated using univariate analysis. Next, 
variables with p < 0.1 were subjected to multivariate analysis and p < 0.05 was considered significant. Statistical 
analyses were performed using SPSS software (version 25; IBM Corp., Armonk, NY, USA).

Ethics approval and consent to participate. Written informed consent was obtained from each study 
participant before enrollment at each institution. The study protocol was approved by the ethics committee at 
each participating institution i.e., Niigata Central Hospital: et2020-03, Niigata University Medical and Dental 
General Hospital: 2015-2525, Tokyo Medical and Dental University: M2000-2068, Chiba University Graduate 
School of Medicine: 1654, Shiga University of Medical Science: 25-108, Keio University: 20180096, National 
Hospital Organization Okayama Medical Center: H28-71, Yamaguchi University Graduate School of Medicine: 
H27-117, Osaka University Graduate School of Medicine: 15153-2, Kanazawa University: 2015-087, University 
of Tsukuba: H26-108, Nagoya University Graduate School of Medicine: 2005-0354, Hirosaki University Gradu-
ate School of Medicine: 2015-209, Jichi Medical University: A17-106, University of Yamanashi: 1239, Tokai Uni-
versity School of Medicine: 13R-297, Hamamatsu University School of Medicine: 15-279, Tohoku Medical and 
Pharmaceutical University: 2016-2-041, University of Toyama, Toyama: 25-42.

Results
Clinical examinations. Height, weight, and BMI were 162.7 ± 9.7 cm (range, 138–187 cm), 69.1 ± 15.2 kg 
(range, 32–114 kg), and 25.9 ± 4.5 kg/m2 (range, 16.4–45.2 kg/m2), respectively. Fifty-nine of the 238 patients 
(24.8%) had DM, and the cervical JOA score was 12.3 ± 3.4 points (range, -2–17 points). The prevalence of neck 
pain was 60.0% (142/238 patients), and the neck or shoulder VAS score was 38.8 ± 31.3 (range, 0–100). The 

Table 1.  The domain of cervical spine function in the JOACMEQ. JOACMEQ Japanese Orthopaedic 
Association Cervical Myelopathy Evaluation Questionnaire. The score for the cervical spine function domain 
was calculated as follows (points): Q1-1 × 20 + Q1-2 × 10 + Q1-3 × 15 + Q1-4 × 5 − 50.

Questionnaire Score

Q1-1

While in the sitting position, can you look up at the ceiling by tilting your head upward?

1) Impossible 1

2) Possible to some degree (with some effort) 2

3) Possible without difficulty 3

Q1-2

Can you drink a glass of water without stopping despite your neck symptoms?

1) Impossible 1

2) Possible to some degree 2

3) Possible without difficulty. 3

Q1-3

While in the sitting position, can you turn your head toward a person who is seated to the side but behind you and speak 
to that person while looking at his/her face?

1) Impossible 1

2) Possible to some degree 2

3) Possible without difficulty 3

Q1-4

Can you look at your feet when you go downstairs?

1) Impossible 1

2) Possible to some degree 2

3) Possible without difficulty 3
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scores for each question of Q1-1, Q1-2, Q1-3, and Q1-4 were 2.4 ± 0.7, 2.5 ± 0.7, 2.0 ± 0.8, and 2.6 ± 0.7, respec-
tively (Fig. 2). The score for Q1-3 was significantly lower than that of the other questions (p < 0.05). The score for 
the domain of cervical spine function was 65.9 ± 28.5 points. According to the cervical OP-index grading, the 
scores of cervical spine function were 67.8 ± 27.1 in Grade 1, 66.8 ± 29.4 in Grade 2, and 57.0 ± 30.4 in Grade 3. 
There were no significant differences between the cervical OP-index grading groups. The scores for the Q2, Q3, 
Q4, and Q5 domains were 80.1 ± 21.6, 65.9 ± 30.8, 74.4 ± 22.1, and 49.8 ± 19.9, respectively. The cervical spine 
function domain (Q1) score was positively correlated with the Q2 (r = 0.47, p < 0.001), Q3 (r = 0.41, p < 0.001), 
Q4 (r = 0.35, p < 0.001), and Q5 (r = 0.45, p < 0.001) domain scores.

Radiological examinations. The OP-index of the cervical spine and whole spine was 6.0 ± 3.2 (range, 
1–14) and 8.6 ± 6.4 (range, 1–38), respectively. The cervical OP-index was Grade 1 in 116 patients (48.7%), Grade 

Figure 1.  Representative reconstructive mid-sagittal computed tomography image of cervical OP-index 
and bridge formation of cervical OPLL. The score of the cervical spine function domains of the left, middle, 
and right images were 100 points, 100 points, and 40 points, respectively. OPLL ossification of the posterior 
longitudinal ligament; OP-index ossification index for OPLL.

Figure 2.  The scores for each question of Q1-1 and Q1-2 (neck extension), Q1-3 (neck rotation), and Q1-4 
(neck flexion). The score of Q1-3 was significantly lower than that of the other questions. *p < 0.05.



5

Vol.:(0123456789)

Scientific Reports |        (2021) 11:14337  | https://doi.org/10.1038/s41598-021-93602-0

www.nature.com/scientificreports/

2 in 87 patients (36.6%), and Grade 3 in 35 patients (14.7%). The number of bridge formations of OPLL in the 
cervical spine and the whole spine were 0.7 ± 1.1 (range, 0–6) and 1.4 ± 0.3 (range, 0–17), respectively.

Sex difference and age‑related change. The OP-index and bridge formations of OPLL for the whole 
spine of women were significantly higher than those of men (both p < 0.05) (Table 2). Patients were divided into 
five groups based on age categories: ≤ 49 years (n = 37), 50–59 years (n = 48), 60–69 years (n = 66), 70–79 years 
(n = 71), and ≥ 80 years (n = 16). Because of the small number of patients, four men and one woman in their 
30 s and one man and one woman in their 90 s were included in the groups of ≤ 49 years and ≥ 80 years, respec-
tively. Cervical spine function was significantly lower in the 70–79-years and ≥ 80-years age groups than in 
the ≤ 49-years age group (both p < 0.05). In the questions of the cervical spine function domain, the score for each 
question tended to decline with age; however, only Q1-2 showed a significant difference (p < 0.05). Moreover, the 
score of Q1-3 was significantly lower than those of Q1-2 and Q1-4 in all age groups except in the ≥ 80-years age 
group (all p < 0.05). Bridge formation of OPLL in the cervical spine was significantly higher in the ≥ 80-years age 
group than in the ≤ 49-years and 50–59-years age groups (both p < 0.05) (Table 3).

Correlation between cervical spine function and other clinical and radiological parame‑
ters. Cervical spine function was negatively correlated with age and neck VAS (r =  − 0.23, p < 0.001; r =  − 0.45, 
p < 0.001; respectively) and positively correlated with the JOA score (r = 0.31, p < 0.001). In the radiological find-
ings, there was a negative correlation between cervical spine function and bridge formation of OPLL in the 
whole spine (r =  − 0.15, p < 0.05).

Logistic regression analysis of factors adversely associated with cervical spine function. The 
univariate analysis demonstrated that there were significant correlations with age, JOA score, neck VAS, cervi-
cal OP-index grade, OP-index, and bridge formation of OPLL in the cervical and whole spine (all p < 0.05) 
(Table 4). In the multivariate regression analysis, a higher neck VAS score (odds ratio [OR] = 0.978, 95% con-
fidence interval [CI] = 0.967–0.988, p = 0.000) and a larger number of bridge formations of OPLL in the whole 
spine (OR = 0.820, 95% CI = 0.713–0.943, p = 0.005) were independent factors that adversely affected cervical 
spine function.

Discussion
The analysis of treatment outcomes using patient-based assessments is becoming standard practice. The JOAC-
MEQ is a patient-based assessment for evaluating cervical compressive myelopathy, and several reports using this 
scoring system have been published to  date7,11–14. Regarding the QOL of patients with OPLL, several reports on 
postoperative axial neck pain have been  published12,15,16; however, to the best of our knowledge, detailed reports 
of cervical spine function based on large prospective multicenter series are lacking. In this study, the cervical 
spine function domain score was positively correlated with the QOL domain score, indicating that cervical spine 
function can influence the QOL of patients with OPLL. Comprehensive evaluations of cervical spine function 
in patients with OPLL who underwent conservative treatment are important to understand the natural course 
of OPLL and can serve as a control when evaluating cervical spine function after surgery.

Table 2.  Sex differences in parameters. Data are presented as mean ± standard deviation. BMI body mass 
index; JOA Japanese Orthopaedic Association; VAS visual analog scale (100-mm). Q1 domain, cervical spine 
function domain of the Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire; C, 
cervical; W, whole spine; OP-index Ossification index for OPLL; bridge formation, ossified lesions forming a 
bridge with the posterior border of the adjacent vertebral body. *p < 0.05; **p < 0.01.

Characteristic Male (n = 162) Female (n = 76) p value

Age (years) 64.0 ± 12.7 63.6 ± 11.5 0.51

BMI (kg/m2) 25.9 ± 4.3 26.1 ± 4.8 0.90

JOA score (points) 12.0 ± 3.5 12.8 ± 3.1 0.19

Neck VAS score 38.8 ± 32.3 38.8 ± 29.2 0.78

Cervical spine function (points) 65.1 ± 29.4 65.9 ± 27.5 0.96

Questions of Q1 domain

Q1-1 2.3 ± 0.7 2.4 ± 0.7 0.25

Q1-2 2.5 ± 0.7 2.5 ± 0.7 0.61

Q1-3 2.1 ± 0.8 2.0 ± 0.8 0.83

Q1-4 2.6 ± 0.6 2.5 ± 0.8 0.09

C-OP-index 6.0 ± 3.1 6.0 ± 3.4 0.81

W-OP-index 7.5 ± 5.1 10.9 ± 8.1 0.006**

Cervical OP-index grade 1.7 ± 0.7 1.6 ± 0.8 0.44

Bridge formation of C-OPLL 0.7 ± 1.2 0.7 ± 1.1 0.76

Bridge formation of W-OPLL 1.1 ± 1.8 2.0 ± 3.0 0.014*
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In this study, the score of cervical spine function was 65.9 points (age, 63.9 years; JOA score, 12.3 points). 
Tanaka et al.17 examined the standard value of the JOACMEQ in 1629 healthy Japanese volunteers and reported 
that the score of cervical spine function was > 90 points in individuals in their 20 s to 60 s, whereas the score 
decreased to 80 and 70 points, respectively, in those in their 70 s and 80 s. Moreover, Ohya et al.13 reported that 
cervical spine function in 44 patients with OPLL (age, 63.8 years; preoperative JOA score, 10.9 points) was 55.5 
points preoperatively and 64.9 points postoperatively. Our results were also lower than those of the healthy vol-
unteers reported by Tanaka et al.17 and similar to the findings of Ohya et al.13 Even in the patients aged ≤ 49 years, 
which was the group with the highest points in this study, their points were equivalent to those of healthy vol-
unteers in their 80 s as reported by Tanaka et al. In the present study, the score of Q1-3 was significantly lower 
than that of the other questions in the overall cohort and many age groups. In general, the range of motion 

Table 3.  Age-related changes in parameters. Data are presented as mean ± standard deviation. BMI body mass 
index; JOA Japanese Orthopaedic Association; VAS visual analog scale (100-mm). Q1 domain cervical spine 
function domain of the Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire; C, 
cervical; W, whole spine; OP-index ossification index for OPLL; bridge formation ossified lesions forming a 
bridge with the posterior border of the adjacent vertebral body. a Significant differences were found among the 
questions in each age group (all p < 0.05). *p < 0.05; **p < 0.01; ***p < 0.001.

Characteristic  ≤ 49 years (n = 37)
50–59 years 
(n = 48)

60–69 years 
(n = 66)

70–79 years 
(n = 71)  ≥ 80 years (n = 16) p value

Age (years) 43.8 ± 3.5 54.8 ± 2.8 65.4 ± 2.8 74.6 ± 2.7 84.3 ± 3.3 0.000***

Male sex, no. (%) 26 (70.3) 32(66.7) 42(63.6) 50(70.4) 12(75.0) 0.87

BMI (kg/m2) 28.9 ± 5.4 27.4 ± 4.3 25.7 ± 3.9 24.5 ± 3.6 22.2 ± 2.6 0.000***

JOA score (points) 12.8 ± 2.7 12.5 ± 3.0 12.8 ± 3.4 12.0 ± 3.4 9.6 ± 5.0 0.07

Neck VAS score 40.5 ± 32.5 41.2 ± 31.5 32.0 ± 28.2 41.0 ± 31.9 46.1 ± 31.9 0.34

Cervical spine 
function (points) 78.2 ± 23.3 67.4 ± 28.8 67.1 ± 27.7 58.2 ± 30.8 54.4 ± 24.8 0.005**

Questions of Q1 domain

Q1-1 2.7 ± 0.5 2.2 ± 0.8 2.4 ± 0.7 2.3 ± 0.7a 2.2 ± 0.7 0.07

Q1-2 2.8 ± 0.6a 2.7 ± 0.6a 2.6 ± 0.6a 2.3 ± 0.8a 2.2 ± 0.8 0.001**

Q1-3 2.3 ± 0.7a 2.1 ± 0.8a 2.1 ± 0.8a 1.9 ± 0.8a 1.8 ± 0.7 0.07

Q1-4 2.7 ± 0.6a 2.7 ± 0.5a 2.6 ± 0.6a 2.4 ± 0.8a 2.3 ± 0.8 0.11

C-OP-index 5.4 ± 3.2 5.8 ± 3.2 5.9 ± 3.0 6.1 ± 3.2 7.5 ± 3.4 0.33

W-OP-index 9.4 ± 7.7 9.1 ± 6.3 7.5 ± 5.0 8.7 ± 7.0 9.5 ± 5.4 0.70

Bridge formation of 
C-OPLL 0.5 ± 0.7 0.5 ± 1.0 0.8 ± 1.2 0.8 ± 1.2 1.5 ± 1.6 0.028*

Bridge formation of 
W-OPLL 1.5 ± 2.3 1.1 ± 1.9 1.3 ± 1.8 1.6 ± 2.9 1.8 ± 1.9 0.36

Table 4.  Comparison between the groups with poor and good cervical function. Data are presented as 
mean ± standard deviation. BMI body mass index; JOA Japanese Orthopaedic Association; VAS visual 
analog scale (100-mm); C, cervical; W, whole spine; OP-index ossification index for OPLL; bridge formation 
ossified lesions forming a bridge with the posterior border of the adjacent vertebral body. *p < 0.05; **p < 0.01; 
***p < 0.001.

Characteristic Poor cervical function group (n = 62) Good cervical function group (n = 176) p value

Age (years) 66.9 ± 11.2 62.8 ± 12.5 0.024*

Male sex, no. (%) 44 (71.0) 118 (67.1) 0.57

Body height 162.6 ± 9.4 162.7 ± 9.9 0.90

Body weight 69.5 ± 16.4 68.9 ± 14.8 0.79

BMI 26.1 ± 4.9 25.9 ± 4.3 0.70

Comorbid diabetes mellitus, no. (%) 17 (27.4) 42 (23.9) 0.58

JOA score 11.1 ± 3.7 12.7 ± 3.2 0.001**

Neck VAS score 55.1 ± 32.4 33.1 ± 28.8 0.000***

C-OP-index 6.8 ± 3.4 5.7 ± 3.1 0.018*

W-OP-index 10.0 ± 7.8 8.1 ± 5.7 0.046*

Cervical OP-index grade 1.8 ± 0.8 1.6 ± 0.7 0.024*

Bridge formation of C-OPLL 1.1 ± 1.4 0.6 ± 1.0 0.010*

Bridge formation of W-OPLL 2.2 ± 3.2 1.1 ± 1.8 0.003**
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(ROM) in the cervical spine decreases due to age-related and degenerative changes; however, flexion movement 
is considered to be less affected than extension  movement18,19. Yuan et al.20 reported that patients with cervical 
OPLL had decreased cervical ROM including flexion, extension, and rotation compared to the normal controls. 
Our study revealed that rotation movement was the most limited, and flexion and extension movements were 
generally comparable. Whether this result is due to a decrease in ROM, neck pain, or neurologic compression 
remains to be solved.

This study also investigated age-related changes in parameters and found that cervical spine function tended 
to decline with age from middle age. Since the neck VAS scores did not differ significantly by age, we considered 
that a decline in cervical spine function was caused by the decreasing mobility of the cervical spine. As several 
studies have demonstrated the progression of ossification in many patients with  OPLL3–5,21, we considered that 
the OP-index and bridge formation of OPLL increased with age. However, although there appeared to be an 
increase in the tendency of bridge formations with age, a significant difference was found only in the bridge 
formations in the cervical spine. Thus, we speculated that factors other than age may be involved in the onset 
and progression of OPLL.

In the correlation analysis, age, neck VAS, and the JOA score were significantly correlated with cervical spine 
function. In addition, bridge formation of OPLL was significantly correlated with the whole spine but not with 
the cervical spine. Furthermore, following logistic regression analysis, only two independent factors were sig-
nificantly associated with adverse cervical spine function namely, a higher neck VAS score and a larger number 
of bridge formations of OPLL in the whole spine.

From the results of this study, neck pain caused by degenerative changes and/or neurologic deficits had a 
greater effect on cervical spine function in the clinical findings. Furthermore, the radiological findings revealed 
that the spread of bridge formations of the vertebrae, rather than that of ossified lesions at the vertebra and 
intervertebral discs, and in the whole spine, rather than in the cervical spine, had a greater effect on cervi-
cal spine function. Fujimori et al.22 evaluated the intervertebral segmental ROM in patients with OPLL at the 
intervertebral discs between bridging type (ossification bridging intervertebral segment with bony union) and 
non-bridging type using functional CT and reported that the intervertebral ROMs were 0.3° in the bridging 
type and 4.9° in the non-bridging type. We consider that the structural impairment caused by bridge formation 
of OPLL has an impact on the deterioration of cervical spine function. According to previous reports, cervical 
alignment is influenced by the global spine alignment, and concomitant thoracic spine mobility is necessary 
to produce the complete range of movements at the cervical  spine23,24. Reduced mobility in the thoracic spine 
has also been reported to cause neck pain and  dysfunction25. Therefore, when assessing the impact of OPLL 
on cervical spine function, we believe it is important to pay attention to bridge formation of OPLL, not only in 
the cervical spine but also in the whole spine. In summary, cervical spine dysfunction can be divided into two 
categories namely, functional impairment due to pain radiating to the neck and shoulders and structural impair-
ment due to decreased mobility of the whole spine caused by bridge formations of ossified lesions spreading 
to the vertebral body. It is clinically important to recognize these impairments when evaluating cervical spine 
function in patients with OPLL.

This study has several limitations. First, although this study was a prospective nationwide multicenter survey, 
participants in the study were not randomly selected from the general population which could have created a 
bias. However, it is problematic to perform whole spine CT in asymptomatic healthy individuals due to radio-
logic exposure. Second, this study used a cross-sectional design; therefore, longitudinal studies are necessary 
to establish causal relationships between cervical spine function and the observed associations. Finally, we did 
not evaluate cervical spine radiographs in the radiological examination. Therefore, we could not examine the 
relationship between cervical spine function and cervical ROM and alignment. Further studies are necessary to 
clarify these issues. Nevertheless, we believe that our findings provide important information that highlights the 
impact of the spread of ossification on cervical spine function in patients with OPLL.

Conclusions
The present study revealed the impact of the spread of ossification on cervical spine function, including the 
impact of sex differences and age-related changes, in a prospective nationwide multicenter study. A higher neck 
VAS score and a larger number of bridge formations of OPLL in the whole spine were significant predictors 
of adverse outcomes related to cervical spine function. These findings are important to understand the natural 
course of OPLL and can serve as a control when evaluating cervical spine function after surgery.

Data availability
The study data and details of materials used may be made available upon reasonable request by sending an e-mail 
to the first author.
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