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Purpose: Integrative Korean medicine treatment (KMT) is a conservative treatment approach for the ossification of the posterior
longitudinal ligament (OPLL) in Korea; nonetheless, relevant studies focusing on KMT for OPLL are lacking. A multicenter
retrospective analysis of patient medical records and a questionnaire survey were conducted to investigate the effectiveness of
integrative KMT in patients with OPLL treated for neck pain.
Patients and Methods: A total of 78 inpatients radiologically diagnosed with OPLL and treated for neck pain at four Korean
medicine hospitals from April 1, 2016, to December 31, 2019, were enrolled. The primary index was an improvement in the numeric
rating scale (NRS) score for neck pain, whereas the secondary outcome indices were improvements in the NRS score for arm pain,
neck disability index (NDI) score, and EuroQol 5-dimension 5-level (EQ-5D-5L) score.
Results: At discharge, the NRS score for neck pain, NRS score for arm pain, and NDI score decreased by 2.47 (95% confidence
interval [CI], −2.81 to −2.14), 1.32 (95% CI, −1.73 to −0.91), and 16.02 (95% CI, −18.89 to −13.15), respectively, as compared with
the scores at admission (p < 0.001). The EQ-5D-5L score increased by 0.12 (95% CI, 0.09 to 0.16) as compared with the score at
admission (p < 0.001). This trend was also evident during follow-up. With respect to Patient Global Impression of Change evaluation,
33 (61.1%) patients claimed to have very much improved, whereas 17 (31.5%) patients reported to have much improved.
Conclusion: Inpatients with OPLL who received integrative KMT showed improvements in neck pain, arm pain, the NDI, and quality
of life, which were retained throughout the follow-up period.
Keywords: integrative medicine, Korean medicine, OPLL, neck pain

Introduction
Ossification of the posterior longitudinal ligament (OPLL) is a form of hyperostosis that can induce serious neurological
disabilities1 and most commonly affects the cervical spine.2,3 OPLL symptoms include neck pain, arm pain, sensory
abnormalities, muscle weakness, and bladder disturbance, with most symptoms manifesting gradually.4 The causes of
OPLL remain unclear but are likely multifactorial, as OPLL is known to be associated with age, family history,
environment, lifestyle, hormonal levels, and history of hypertension, diabetes mellitus, thyroid diseases, and
osteoporosis.3–5 It is more prevalent among Asians than among Europeans and Americans, and its incidence ranges
from 1.9% to 4.3% in Japan, where the condition was first described.1 OPLL can be categorized into continuous,

Journal of Pain Research 2022:15 1527–1541 1527
© 2022 Namgoong et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Pain Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 29 December 2021
Accepted: 11 May 2022
Published: 24 May 2022

http://orcid.org/0000-0002-1532-0942
http://orcid.org/0000-0002-5020-6723
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


segmental, mixed, and local types.4 A Korean study involving 3240 adults reported an incidence of approximately 4.6%
for OPLL and confirmed that it was more common among men and adults aged ≥70 years.

OPLL treatments include conservative and surgical approaches. Surgical treatment is performed for cases of severe
myelopathy caused by OPLL.6 The decision to perform surgery and the choice of surgical technique are determined
depending on the symptom severity, patient’s status, surgeon’s experience, spinal curvature, presence of the K-line, and
the size, level, and type of OPLL.3,7–9 On the other hand, conservative treatments for OPLL include fixation of the
affected area using braces, traction, bed rest, and physiotherapy.10

Integrative Korean medicine treatment (KMT) is also performed in Korea as a form of conservative treatment for
OPLL. However, relevant studies on the effectiveness of integrative KMT for OPLL are scarce. Relevant studies in
literature mainly consist of case reports.11–19 The KMT described in these case reports included acupuncture, herbal
medicine, moxibustion, Chuna therapy, and pharmacopuncture. Nonetheless, clinical studies, such as observational
studies and randomized clinical trials, are lacking.

Considering this background, we conducted a retrospective observational study on inpatients who received treatment
for neck pain caused by OPLL. Our aim was to investigate the effectiveness and safety of integrative KMT for OPLL.

Materials and Methods
Study Design
Jaseng is a Korean medicine hospital, which specializes in spinal disorders, that is accredited and designated by the
Korean Ministry of Health and Welfare. The study data were collected from four branches, in Gangnam, Bucheon,
Daejeon, and Haewoondae.

The present study was a retrospective observational study. Among all patients hospitalized for neck pain from April 1,
2016, to December 31, 2019, only those diagnosed with OPLL based on imaging, such as X-ray, magnetic resonance
imaging (MRI), and computed tomography (CT), were enrolled in this study. The radiological findings were interpreted
by a radiologist.

Review of Medical Records
Data on age, sex, date of onset, length of hospital stay, diagnosis, height, body weight, body mass index (BMI),
obesity, smoking status, alcohol use and types, and frequency and duration of treatment administered during the
hospital stay were collected from electronic medical records (EMRs). The numeric rating scale (NRS) scores for neck
and arm pain, neck disability index (NDI) score, and EuroQol 5-dimension 5-level (EQ-5D-5L) score at admission and
discharge were recorded. Patient EMRs during the hospital stay (eg, admission record, discharge record, progress
record, and adverse event [AE] record) were retrospectively analyzed to determine the site and type of OPLL, K-line,
presence and site of a herniated intervertebral disc (HIVD), underlying disease at admission, and AEs. Furthermore,
results of the manual muscle test and sensory test at admission and discharge were reviewed. Arm muscle impairment
and levels of elbow flexion, elbow extension, wrist flexion, and wrist extension were evaluated using the manual
muscle test. The degree of sensory abnormality was classified as sluggish, normal, and hyperactive using the sensory
test. For the assessment of the range of motion (ROM) of neck, flexion, extension, lateral bending, and rotation were
evaluated.

Phone Survey
During follow-up, the NRS, NDI, and EQ-5D-5L scores were re-assessed. In addition to the outcomes described above,
the following data were surveyed: timing of surgery; postoperative progress; whether patients were referred for cervical
surgery or had undergone surgery; whether they were diagnosed with concomitant disease; whether they used analgesics;
whether they received treatment for neck pain in the past 3 months, as well as the type and duration of treatment; and
whether they were referred for surgery before or after discharge. Furthermore, the Patient Global Impression of Change
(PGIC) and satisfaction with KMT were assessed immediately after discharge.
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Patients
The inclusion criteria were as follows: 1) diagnosis of OPLL based on radiological findings (eg, radiography, MRI, and
CT findings) as recorded in EMRs; and 2) hospitalization with neck pain as the chief complaint.

The exclusion criteria were as follows: 1) length of hospital stay ≤3 days; 2) hospitalized for neck pain due to
whiplash injury (automobile accident); 3) other chronic diseases that could hinder the interpretation of therapeutic effects
or outcomes (eg, cardiovascular disease, renal disease, diabetic neuropathy, dementia, and epilepsy); 4) pain caused by
soft tissue diseases and not a spinal disorder (eg, tumor, fibromyalgia, rheumatoid arthritis, and gout); 5) <3 months since
undergoing cervical surgery; 6) cervical fracture identified on imaging; 7) patients unsuitable for study participation as
deemed by the researcher; and 8) patients who declined to participate in the study.

Treatment
Inpatients received integrative KMT, including herbal medicine, acupuncture, pharmacopuncture, Chuna therapy, mox-
ibustion, cupping, herbal hot pack, and traction treatments. Patients were permitted to receive any other treatments at the
discretion of the Korean medicine doctor (KMD) or when needed. All treatments performed during the hospital stay were
recorded in the EMRs.

Outcome Measures
All tests and surveys were performed at admission, discharge, and follow-up by trained KMDs to ensure consistency in
measurements.

Primary Outcome
NRS Score for Neck Pain
The NRS is an instrument used for objectively quantifying subjective pain on a scale from 0 (no pain at all) to 10 (worst
pain imaginable).20,21 In this study, the NRS score for neck pain was used as the primary outcome.

Secondary Outcomes
NRS Score for Arm Pain
When OPLL progresses and compresses some cervical nerves, pain, tingling, and sensory abnormalities can be felt at the
dermatomes in the arm. Radiating pain in the arm was measured using the NRS.

NDI Score
The NDI is an instrument used for assessing neck and cervical functional impairment and consists of 10 items, with each
item rated on a scale from 0 to 5. The total possible score is 50, with a higher score being indicative of more severe
impairment in activities of daily living.22,23

EQ-5D-5L Score
The EQ-5D-5L is a health questionnaire used to measure health status and quality of life. The tool comprises five
domains: mobility, self-care, usual activities, pain and discomfort, anxiety, and depression. Each item is rated on a scale
from 1 (no problem) to 5 (unresolvable problem), and a score of 1 is given for a perfectly healthy state with no problems
in any of the domains.24,25

PGIC Score
The PGIC is a self-report instrument used by patients to rate their perceived improvement (1: very much improved; 2:
much improved; 3: minimally improved; 4: no change; 5: minimally worse; 6: much worse; and 7: very much worse).
Although the PGIC was developed to assess psychological factors, it is now widely used in medicine to determine the
level of pain relief achieved.26

AEs
Any AE was reported to healthcare providers during the hospital stay. In accordance with the three grades given by
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Spilker et al.,27 AEs were recorded every 7 AM by interviewing the patient. Moreover, the on-call doctor recorded any
additional AEs for all inpatients. The relationship between treatment and AEs was classified according to the World
Health Organization-Uppsala Monitoring Centre system into certain, probable/likely, possible, unlikely, conditional/
unclassified, and not assessable/unclassifiable.28

Ethical Statement
This study was approved by the author’s Institutional Review Board (JASENG 2020-05-009) and was registered at
ClinicalTrials.gov (NCT04446221). The requirement for a signed written consent form was waived due to the nature of the
study, which is a telephone survey. Instead, all patients provided verbal informed consent. When patients refused to provide
consent or withdrew their consent, their personal information was immediately removed and discarded from the study.

Statistical Analysis
Baseline characteristics and baseline outcomes of the enrolled patients were presented as means and standard deviations
(SDs) for continuous variables and as frequencies and percentages for categorical variables. The details of treatment
during the hospital stay were described as the number and percentage of patients for each type of treatment, and the
frequency of treatment was presented as mean ± SD and median (first quartile to third quartile).

The outcomes at each time point were presented as mean ± SD, and the amount of change from the baseline value
was presented as mean with 95% confidence interval (CI). The amount of change over time was assessed using a mixed
linear model. The time of measurement was considered a categorical variable and was included in the model as a fixed
effect along with the baseline value of each outcome. The subject was included as a random effect. The results are
presented with 95% CI.

The minimal clinically important difference (MCID) was set as 1.5 for the NRS score for neck and arm pain,29 3.5 for
the NDI score,30 and 0.074 for the EQ-5D-5L score.31 The number (N) and percentage of patients achieving the MCID
were presented. The achievement of MCID was determined using a multivariate logistic regression model that included
age, sex, onset, obesity, smoking, alcohol use, type of OPLL, onset mode, disc herniation, NRS scores for neck and arm
pain, as well as the NDI and EQ-5D-5L scores at admission. The results were presented as odds ratios (ORs) with 95%
CI. The goodness of fit was presented as the area under the receiver operating characteristic curve (AUC).

For patients who completed the long-term follow-up, the results obtained at follow-up were presented as mean ± SD and
median (first quartile to third quartile) for continuous variables and as frequencies and percentages for categorical variables.

For sensitivity analysis, multiple imputation with 20 imputed sets was performed. A mixed linear model and logistic
regression were used. Statistical significance was set at a p-value of <0.05. Statistical analyses were performed using
RStudio version 1.1.463 (2009–2018, RStudio Inc., Boston, MA, USA).

Results
Study Flow
Among 5605 patients admitted to one out of the four Korean medicine hospitals for neck pain from April 1, 2016, to
December 31, 2019, 170 were diagnosed with cervical OPLL based on cervical spine X-ray, MRI, or CT findings.
Among these, 92 patients were excluded as per the inclusion and exclusion criteria, resulting in a total of 78 patients
included in the analysis. A follow-up using a telephone was performed by a KMD from July to August 2020. Overall, 24
patients, who did not answer the telephone or refused to participate in the follow-up survey were excluded; therefore,
only the data of 54 patients were analyzed (Figure 1).

Baseline Characteristics
The mean age of the 78 participating patients was 54.3 ± 9.0 years, while 32 (41.0%) participants were ≥50 years of age.
There were more male (n = 41, 52.6%) than female patients, and the most common duration of hospital stay ranged from
2 weeks to <1 month (n = 34, 43.6%). Based on BMI, 37 (47.4%) patients were obese (≥25 kg/m2). The most common
type of OPLL was segmental (n = 53, 67.9%).32 Four (5.1%) patients did not have a K-line. Fifty-eight patients presented
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with a HIVD (74.4%), which was defined as an abnormal protrusion.33 Six (7.7%) patients did not undergo MRI for
financial reasons or because of the physician’s decision. The underlying diseases speculated to be associated with the
onset of OPLL5 included hypertension (n = 22, 28.2%), diabetes mellitus (n = 17, 21.8%), osteoporosis (n = 1, 1.3%),
thyroidism (n = 1, 1.3%), and ischemic stroke (n = 2, 2.6%) (Table 1).

Changes in Outcome Measures
The NRS score for neck pain was 5.28 upon admission (95% CI, 4.97 to 5.60), which decreased by 2.47 upon discharge
(95% CI, −2.81 to −2.14). Moreover, it was 3.11 upon follow-up (95% CI, −3.48 to −2.73). The NRS score for arm pain
and NDI score decreased by 1.87 (95% CI, −2.32 to −1.42) and 27.91 (95% CI, −31.09 to −24.74) upon follow-up,
respectively. On the other hand, the EQ-5D-5L score increased by 0.20 (95% CI, 0.16 to 0.23) upon follow-up (Table 2,
Figure 2). The results were consistent in the sensitivity analysis using multiple imputation (Supplementary Table 1).

Among 11 patients who presented with limited ROM upon admission, six had fully recovered ROM upon discharge.
Three out of five patients still presented with a 10–15° ROM limitation compared with the normal angle upon discharge.
They had limitations in right rotation, extension, and extension and both rotations. One patient presented with limited
ROM upon discharge but showed ROM recovery upon follow-up. The other patient had 20° limitation in flexion and
extension and 30° limitation in side bending upon admission, and no improvements were observed upon discharge.
However, it was difficult to perform an accurate ROM test because the patient was psychologically anxious about moving
the neck following screw fixation at C3–6 due to OPLL in 2016.

Achievement of the MCID
Table 3 shows the prediction of achievement of the MCID for each outcome measure. Fifty-eight (74.4%) patients
achieved the MCID for the NRS score upon discharge, whereas 42 (77.8%) patients achieved it upon follow-up. The

Figure 1 Flow chart of participants.
Abbreviations: CT, computed tomography; MCID, minimal clinically important difference; MRI, magnetic resonance imaging; OPLL, ossification of posterior longitudinal
ligament.
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Table 1 Baseline Characteristics of the Study Population (n = 78)

Characteristics Mean ± SD or N (%)

Age (years)
Mean ± SD 54.3 ± 9.0

20–29 1 (1.3)

30–39 5 (6.4)
40–49 16 (20.5)

50–59 32 (41.0)

60–69 21 (26.9)
70–79 3 (3.8)

Sex
Male 41 (52.6)

Female 37 (47.4)

Length of stay (days)
<1 week 10 (12.8)

≤1 week to <2 weeks 15 (19.2)

≤2 weeks to <1 month 34 (43.6)
≤1 month to <2 months 19 (24.4)

Onset
<2 weeks 20 (25.6)
≤2 weeks to <4 weeks 9 (11.5)

≤1 month to <3 months 20 (25.6)

≤3 months to <6 months 9 (11.5)
≤6 months to <1 year 6 (7.7)

≤1 year 14 (17.9)

Height (cm) 164.5 ± 8.8
Body weight (kg) 68.2 ± 13.2

BMI (kg/m2) 25.0 ± 3.4

Obese (BMI ≥25 kg/m2)
Yes 37 (47.4)

No 41 (52.6)

Alcohol use
Yes 24 (30.8)

No 54 (69.2)

Smoking
Yes 10 (12.8)

No 68 (87.2)

OPLL level
C2 21 (26.9)

C3 26 (33.3)

C4 37 (47.4)
C5 50 (64.1)

C6 44 (56.4)

C7 15 (19.2)
OPLL classification
Continuous 1 (1.3)

Segmental 53 (67.9)
Mixed 18 (23.1)

Local 6 (7.7)

K-line
(+) 74 (94.9)

(-) 4 (5.1)

(Continued)
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number of patients who achieved the MCID for the NDI score was 57 (73.1%) upon discharge and 51 (94.4%) upon
follow-up. Moreover, the number of patients who achieved the MCID for the EQ-5D-5L score was 43 (55.1%) upon
discharge and 38 (70.4%) upon follow-up.

With respect to predictors of the achievement of the MCID, the OR for achieving the MCID for the NRS score
upon discharge was 5.18 (95% CI, 1.12 to 24.1) in patients with a chronic condition. Patients with a high NRS score
upon admission had higher MCID achievement. The OR for achieving the MCID was 4.08 (95% CI, 1.88 to 8.84)
upon discharge and 2.37 (95% CI, 1.18 to 4.77) upon follow-up. Furthermore, the OR for achieving the MCID for
the NDI score upon discharge was 1.08 (95% CI, 1.03 to 1.14). As for the EQ-5D-5L score, the OR for achieving
the MCID was 0.86 (95% CI, 0.8 to 0.93) upon discharge and 0.84 (95% CI, 0.73 to 0.95) upon follow-up. Age,
obesity, and chronic state were significantly associated with the achievement of the MCID but were not significant in
the sensitivity analysis using multiple imputation (Supplementary Table 2).

Treatment
Inpatient treatments included acupuncture, herbal medicine, cupping, moxibustion, pharmacopuncture, traction, Chuna
therapy, herbal hot pack, manual therapy, and western pharmacological treatment. Herbal therapy regimens consisted of

Table 1 (Continued).

Characteristics Mean ± SD or N (%)

HIVD
Yes 58 (74.4)

No 14 (17.9)
Uncheckable 6 (7.7)

HIVD level
C2/3 13 (16.7)
C3/4 32 (41.0)

C4/5 31 (39.7)

C5/6 34 (43.6)
C6/7 30 (38.5)

C7/T1 9 (11.5)

Muscle weakness
Yes 0 (0.0)

No 78 (100.0)

Sensory abnormality
Yes 0 (0.0)

No 78 (100.0)

Limited range of motion
Yes 11 (14.1)

No 67 (85.9)

Analgesic
Yes 19 (24.4)

No 59 (75.6)

Underlying disease
Hypertension 22 (28.2)

Diabetes mellitus 17 (21.8)

Osteoporosis 1 (1.3)
Thyroidism 1 (1.3)

Ischemic stroke 2 (2.6)

Note: Values are presented as frequency and percentage or as mean ± SD.
Abbreviations: SD, standard deviation; BMI, body mass index; OPLL, ossifica-
tion of posterior longitudinal ligament; HIVD, herniated intervertebral disc.
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taking pills (2 g) or prepared oral liquid medicine (120 mL) twice or three times per day after meals from the day of
admission to the day of discharge. Acupuncture therapy was performed by inserting disposable standardized stainless-
steel needles (40 × 0.25 mm, Dong-bang Acupuncture, Seongnam, Korea) into the acupuncture points related to the pain
sites. It was performed twice a day in the morning and afternoon, with 15 min of needle retention and electrostimulation.
Pharmacopuncture was performed using standardized disposable syringes (1 mL, 26G × 1.5-mL syringe; Shinchang
Medical Co., Gumi, Korea). Shinbaro pharmacopuncture solution (2 mL; Jaseng Herbal Medicine Dispensary,
Namyangju, Korea), Bee Venom pharmacopuncture solution (2 mL; Jaseng Herbal Medicine Dispensary, Namyangju,
Korea), Hominis Placenta pharmacopuncture solution (2 mL; Jaseng Herbal Medicine Dispensary, Namyangju, Korea),
or Hwangryunhaedok-tang pharmacopuncture solution (2 mL; Jaseng Herbal Medicine Dispensary, Namyangju, Korea)
was subcutaneously injected once or twice a day before acupuncture treatment. Chuna therapy was provided by a KMD
who had completed the formal Chuna training curriculum, and the method and frequency were also determined by the
treating KMD.

Other treatments included moxibustion, cupping, herbal hot pack, and traction. Moxibustion and cupping therapies
were performed as necessary by the treating KMD on the corresponding meridians and pain sites at the time of
acupuncture. Herbal hot pack therapy was performed by placing a heating pad steamed with geoseup-hwalhyeoljitong-
tang on the affected area (posterior cervical, cervico-thoracic junction) in the supine position. Traction therapy, which
alleviates radiating pain by widening the internal disc space, was performed on the affected segments after imaging tests.

Acupuncture and herbal medicine were prescribed to all patients, with a mean frequency of 38.9 ± 24.0 sessions and
22.3 ± 14.3 days, respectively. Pharmacopuncture, cupping, and Chuna manual therapy were provided to 77 (98.7%), 77
(98.7%), and 71 (91.0%) patients, with a mean frequency of 35.3 ± 24.6, 37.8 ± 23.9, and 17.7 ± 13.9 sessions,
respectively (Supplementary Table 3).

AEs
In total, 16 cases of AEs were reported among 14 patients during their hospital stay. All AEs were gastrointestinal
symptoms, with 11 cases of indigestion and five cases of diarrhea. Two of the 14 patients had both symptoms. All
reported AEs were mild. Thirteen cases were resolved with herbal medicine, and one case spontaneously resolved
without any further treatment.

Table 2 Change in Values After Treatment (n = 78)

Clinical Outcomes Difference p-value

NRS score for neck pain
Admission 5.28 (4.97 to 5.60) —

Discharge 2.81 (2.55 to 3.07) −2.47 (−2.81 to −2.14) <0.001

Follow-up 2.24 (1.83 to 2.65) −3.11 (−3.48 to −2.73) <0.001
NRS score for arm pain
Admission 2.88 (2.23 to 3.54) —

Discharge 1.56 (1.18 to 1.95) −1.32 (−1.73 to −0.91) <0.001
Follow-up 1.41 (0.91 to 1.91) −1.87 (−2.32 to −1.42) <0.001

NDI score
Admission 39.18 (35.79 to 42.58) —

Discharge 23.16 (20.38 to 25.94) −16.02 (−18.89 to −13.15) <0.001

Follow-up 11.29 (9.00 to 13.59) −27.91 (−31.09 to −24.74) <0.001
EQ-5D-5L score
Admission 0.66 (0.63 to 0.70) —

Discharge 0.79 (0.76 to 0.81) 0.12 (0.09 to 0.16) <0.001
Follow-up 0.86 (0.84 to 0.89) 0.20 (0.16 to 0.23) <0.001

Notes: The amount of change in clinical outcomes over time was tested using a mixed linear model. Values are presented
as mean and 95% confidence interval.
Abbreviations: NRS, numeric rating scale; NDI, neck disability index; EQ-5D-5L, EuroQol 5-dimension 5-level.
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Follow-Up Survey
The results of the follow-up survey are shown in Table 4. Ten patients stated that they had no underlying disease at the
time of admission but subsequently developed diseases, including hypertension (n = 3), diabetes mellitus (n = 2),
osteoporosis (n = 1), thyroidism (n = 1), and ischemic stroke (n = 3).

According to 13 patients, they were referred for surgery by a different healthcare facility prior to admission. Ten of
these patients were referred for surgery for cervical HIVD, while seven of these patients were referred for surgery for
cervical OPLL. One of these patients underwent cervico-thoracic screw fixation, since he/she had both HIVD and OPLL.
Three patients underwent surgery after discharge. Two of these patients underwent surgery for OPLL, while the other
patient underwent cervical surgery. However, the details on the type of surgery were not available.

Twelve patients indicated that they had received cervical pain treatment in the past 3 months, with the duration of
treatment ranging from 1 to 50 days. The treatment included acupuncture (n = 10), cupping (n = 8), herbal medicine (n = 7),
pharmacopuncture (n = 7), physiotherapy (n = 5), manual therapy (n = 5), Chuna therapy (n = 4), and moxibustion (n = 4).

With respect to PGIC evaluation, 33 patients reported that their condition very much improved, whereas 17 patients
reported that their condition improved much. On the other hand, 4 patients reported that there was only little
improvement.

Discussion
This study was conducted on patients hospitalized in a Korean medical hospital for neck pain, who were later diagnosed
with OPLL based on radiological findings. Most patients complained of moderate or more severe pain at the time of
admission but exhibited significant changes in NRS, NDI, and EQ-5D-5L scores upon discharge. We confirmed that

Figure 2 Changes in main outcomes upon admission, discharge, and follow-up (n = 78). (A) NRS of neck pain (B) NRS of arm pain (C) NDI (D) EQ-5D-5L.
Abbreviations: NRS, numerical rating scale (0–10); NDI, neck disability index (0–50); EQ-5D-5L, EuroQol 5-dimension 5-level (0–1).
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improvements in pain perception, functional state, and quality of life were retained in the long run, and we further
examined patients’ satisfaction with KMT through a follow-up using a telephone.

The prevalence of OPLL varies among racial groups but is known to be higher among Asians. A study involving
3161 inpatients in the USA during a 4-year period confirmed differences in the prevalence across races, with 1.3% in
Caucasian Americans, 4.8% in Asian Americans, 1.9% in Hispanic Americans, 2.1% in African Americans, and 3.2% in
native Americans.34 Additionally, the prevalence of OPLL among outpatients was 1.5–2.4% in Japan, 1.0% in Korea,
1.5% in the Philippines, 2.1% in Taiwan, and 0.8% in Singapore. Based on health insurance data in a study on Japanese
adults aged 30 years or older, the incidence rate ranged from 1.9% to 4.3%.1 The prevalence also varies according to the
research method and study population. A study involving 20,057 outpatients in Korea reported a prevalence of 3.6%,35

whereas a study on 3240 individuals with no history of spinal disease reported an incidence of 4.6% for OPLL.36 In
contrast, the prevalence was 0.19% in a study analyzing the national health insurance data from 2002 to 201337 and
0.60% in another study analyzing the radiography findings of 17,036 patients from a single university hospital.38 In this
study, 170 out of 5605 outpatients and inpatients who underwent imaging tests for neck pain had OPLL, indicating
a prevalence of 3.03%. The prevalence in our study is higher than that reported for the general population, presumably
because our study was conducted on patients who visited a hospital for neck pain.

In the present study, 74.4% of the 78 participants had both OPLL and a cervical HIVD, as determined by MRI. The
concurrent incidence of OPLL and HIVD varies depending on various factors. In previous studies that analyzed cases of

Table 3 Prediction of the Achievement of the MCID for Each Indicator

NRS Score NDI Score EQ-5D-5L Score

Discharge
(n = 78)

Follow-Up
(n = 54)

Discharge
(n = 78)

Follow-Up
(n = 54)

Discharge
(n = 78)

Follow-Up
(n = 54)

Case (%) 58 (74.4) 42 (77.8) 57 (73.1) 51 (94.4) 43 (55.1) 38 (70.4)
Age ≥60 years 1.06

(0.21 to 5.36)

10.93

(0.56 to 215.11)

2.35

(0.56 to 9.81)

— 0.88

(0.19 to 4.17)

0.12

(0.02 to 0.97)

Female 0.6
(0.11 to 3.3)

0.59
(0.06 to 5.67)

1
(0.24 to 4.13)

— 0.35
(0.07 to 1.86)

0.2
(0.01 to 3.09)

Obese 1.58

(0.33 to 7.59)

1.02

(0.16 to 6.61)

0.53

(0.15 to 1.91)

— 0.83

(0.18 to 3.83)

0.06

(0 to 0.79)
Smoking 2.25

(0.2 to 25.41)

8.01

(0.41 to 156.28)

0.59

(0.09 to 3.71)

— 0.83

(0.09 to 7.63)

0.46

(0.02 to 8.64)

Drinking 0.36
(0.05 to 2.61)

0.18
(0.01 to 2.42)

1.89
(0.41 to 8.69)

— 0.57
(0.09 to 3.66)

0.08
(0 to 1.99)

OPLL with mixed type 0.59

(0.04 to 8.96)

— 1.3

(0.15 to 10.92)

— 1.18

(0.13 to 10.9)

0.25

(0.01 to 4.92)
OPLL with segmental type 0.86

(0.07 to 11.05)

— 1.45

(0.21 to 10)

— 0.7

(0.08 to 5.85)

1.8

(0.14 to 22.53)

Chronic (≥6 months) 5.18
(1.12 to 24.1)

1.67
(0.23 to 12.02)

0.9
(0.24 to 3.29)

— 0.27
(0.06 to 1.14)

2.03
(0.24 to 17.05)

HIVD 2.4

(0.49 to 11.76)

0.75

(0.1 to 5.5)

0.91

(0.21 to 3.82)

— 1.35

(0.29 to 6.16)

2.81

(0.24 to 32.67)
Baseline value of each outcome 4.08

(1.88 to 8.84)

2.37

(1.18 to 4.77)

1.08

(1.03 to 1.14)

— 0.86

(0.8 to 0.93)

0.84

(0.73 to 0.95)

AUC (95% CI) 0.87
(0.79 to 0.95)

0.84
(0.72 to 0.97)

0.77
(0.65 to 0.89)

— 0.89
(0.82 to 0.96)

0.93
(0.86 to 1.00)

Notes: Logistic regression was performed, and ORs and 95% CIs are presented. The em dash indicates that the OR could not be estimated because of complete separation
in the distribution. MCID was deemed to be achieved when the reduction in the NRS score was ≥1.5,29 the reduction in the NDI score was ≥3.5 [30], and the increase in the
EQ-5D-5L score was ≥0.074 [31]. The number of patients who achieved the MCID is presented.
Abbreviations: MCID, minimal clinically important difference; NRS, numerical rating scale; NDI, neck disability index; EQ-5D-5L, EuroQol 5-dimension 5-level; OPLL,
ossification of posterior longitudinal ligament; HIVD, herniated intervertebral disc; AUC, area under the curve; CI, confidence interval; OR, odds ratio.
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surgery due to OPLL, 55.6% of 54 patients39 and 61% of 141 patients also had an HIVD.40 Among 142 patients, the rate
was 18.3% in one study,41 which was probably lower because the HIVD was deemed to be present only when
neurological symptoms were clearly caused by the HIVD. OPLL has been shown to contribute to the onset of an
HIVD. Calcium accumulation in the posterior longitudinal ligament induces ossification and hyaline degeneration. This
results in volume reduction of the ligament, thereby leading to abnormal mechanical stimulation in the surrounding

Table 4 Results of the Follow-Up Survey (n = 54)

Values

Duration from discharge until follow-up survey
Mean ± SD (months) 32.6 ± 11.7

Median [IQR] 26 [32, 45]

Minimum 6
Maximum 50

Recommendation of surgery before admission†
Yes 13 (24.1)
HIVD 10 (18.5)

OPLL 7 (13.0)
No 41 (75.9)

Surgery after discharge
Yes 3 (5.6)
OPLL 2 (3.7)

Unknown 1 (1.9)

No 51 (94.4)
Treatment within 3 months
Yes 12 (22.2)

No 42 (77.8)
Details of treatment within 3 months†
Acupuncture 10 (18.5)

Cupping 8 (14.8)
Herbal medicine 7 (13.0)

Pharmacopuncture 7 (13.0)

Physiotherapy 5 (9.3)
Manual therapy 5 (9.3)

Chuna manual therapy 4 (7.4)

Moxibustion 4 (7.4)
Medication 3 (5.6)

Traction 1 (1.9)

Rehabilitation therapy 1 (1.9)
Injection 1 (1.9)

Operation 0 (0)

Other 0 (0)
PGIC
Very much improved 33 (61.1)

Much improved 17 (31.5)
A little improved 4 (7.4)

No change 0 (0)

A little worse 0 (0)
Much worse 0 (0)

Very much worse 0 (0)

Notes: Values are presented as frequency and percentage or as mean ± SD. †Multiple
answers were allowed.
Abbreviations: SD, standard deviation; IQR, interquartile range; HIVD, herniated
intervertebral disc; OPLL, ossification of posterior longitudinal ligament; PGIC,
Patient Global Impression of Change.
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disc.39 Furthermore, pathological changes in the posterior longitudinal ligament attached to the fibrous ring may increase
disc protrusion or prolapse.41,42 Thus, OPLL can be considered to contribute to the onset of an HIVD. Moreover,
a cervical HIVD is common among individuals with OPLL.39

In this study, there were different types of OPLL, including segmental (67.9%), continuous (1.3%), mixed (23.1%),
and local (7.7%) types. A Korean study on 87 patients in a different hospital reported rates of 60% for the segmental
type, 8% for the continuous type, 24% for the mixed type, and 8% for the local type among patients with neck pain only
and radiating pain without cervical myelopathy.43 This shows a trend similar to that observed in this study. Conversely,
the rates were 35% for the segmental type, 24% for the continuous type, 24% for the mixed type, and 15% for the local
type among patients exhibiting symptoms of myelopathy. In cases of continuous OPLL spanning several segments,
HIVD more commonly occurred between—as opposed to the top or bottom of—continuous ossifications.39 Moreover,
patients who also presented with disc degeneration had a primarily segmental or local type of OPLL.40 Regarding the
relationship between the type of OPLL and the incidence of an HIVD, an HIVD most frequently occurs with the
segmental type. Although an HIVD does not induce this type of OPLL, patients with segmental-type OPLL have an
elevated risk of an HIVD due to the increased fragility of the posterior longitudinal ligament and fibrous ring.39

Although OPLL symptoms gradually manifest,4 neck pain itself is often concomitant with other causes. In the present
study, most patients were in the acute (35.9%; <1 month since onset) or subacute (37.2%; <6 months since onset) phase
of neck pain, with a smaller proportion of patients in the chronic stage at 6 months or longer (11.7%) or 1 year or longer
(18.2%) since onset. This study was conducted on inpatients; hence, it is likely that there were several patients who were
hospitalized due to an acute onset of symptoms or recent exacerbation of symptoms. Although OPLL itself progresses
chronically, trauma may facilitate the onset of OPLL symptoms.1 Moreover, many patients often present to a hospital
after developing acute neck pain, which was presumed to contribute to the higher proportion of patients with acute or
subacute onset. OPLL is a slowly progressing disease, and it is difficult to pinpoint the exact time of onset.

The NRS scores for neck and arm pain, NDI score, and EQ-5D-5L score significantly decreased upon discharge than
the scores upon admission (p < 0.001), and the MCID for the NRS, NDI, and EQ-5D-5L was set at 1.5,29 3.5,30 and
0.074,31 respectively. At the long-term follow-up, achievement of the MCID for the NRS, NDI, and EQ-5D-5L was
77.8%, 94.4%, and 70.4%, respectively. The odds for achieving the MCID for each outcome measure were higher among
those with higher NRS scores for neck pain and NDI scores upon admission, whereas the odds for achieving the MCID
were lower among those with higher EQ-5D-5L scores upon admission. This may be attributable to the fact that patients
with more severe symptoms would perceive a greater improvement as their symptoms improved.

Patients received integrative KMT consisting of acupuncture, herbal medicine, pharmacopuncture, Chuna therapy,
cupping, application of herbal hot packs, moxibustion, and traction therapies during their hospital stay. Acupuncture
is a treatment that stimulates acupuncture points and meridians to activate the endogenous pain control mechanism,44

and it is known to induce pain relief by regulating opioid, serotonin, and norepinephrine levels and inhibiting the
activation of endogenous pain receptors, inflammatory cytokines, and the central nervous system.45 Cheongpa-jeon
accounts for the greatest percentage of herbal medicine prescriptions and contains GCSB-5, which is a mixture of six
herbs (Cibotii Rhizoma, Ledebouriellae Radix, Eucommiae Cortex, Acanthopanacis Cortex, Achyranthis Radix, and
Glycine Semen). GCSB-5 has been confirmed to facilitate nerve46 and cartilage regeneration47 and to have anti-
inflammatory effects48 in vivo and in vitro. Pharmacopuncture is a KMT that integrates herbal medicine with
acupuncture, in which herbal medicine preparations are injected into acupuncture points to intensify the stimulation
of acupuncture points and extend the duration of action.49 The pharmacopuncture preparations used in this study
included Shinbaro, bee venom, hominis placenta, and Hwangryunhaedok-tang. The widely used Shinbaro pharma-
copuncture is prepared by extracting and purifying herbal mixtures, such as Cibotii Rhizoma, Eucommiae Cortex,
Acanthopanacis Cortex, Achyranthis Radix, Glycine Semen, Scolopendra subspinipes mutilans, Ostericum koreanum
(Max.) Kitagawa, Aralia contientalis, and Paeonia lactiflora and it contains GCSB-5.50 Chuna therapy is a manual
Korean medicine practice in which KMDs administer effective stimulation to a patient’s body using their hands,
a part of their body, or a tool.51 This therapy induces biomechanical changes in which trapped meniscoids or distorted
fibrous rings are corrected and vertebral motion is intensified with small forced movements, thereby reducing
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mechanical stress.52 The health insurance coverage for Chuna therapy began in April 2019, and this therapy is
performed by KMDs who have successfully completed a formal Chuna training curriculum.

In this study, we performed a retrospective review of medical records and a follow-up survey using a telephone
communication. This study had some limitations. First, there was no control group owing to the nature of a retrospective
analysis. Second, the effects of individual treatment modalities could not be determined, since we examined integrative
KMT. Third, there might have been recall bias in the result concerning the satisfaction with KMT because the patients
had to recall their impressions at the time of their treatment during the hospital stay.

Despite these limitations, this study is significant as the first follow-up study on patients who received integrative
KMT for OPLL. Nonsurgical treatment for OPLL is an important challenge in terms of improving the quality of life, and
non-invasive KMT seems to be a good treatment option. This study established a study population comprising patients
across four Korean medicine hospitals in Korea over a period of 3 years and 9 months, and the survey participation rate
was high at 69.23%. Furthermore, we confirmed that integrative KMT effectively reduced pain and improved the
functional state as well as the quality of life. Moreover, these improvements were maintained until follow-up.
Accordingly, large-scale well-designed studies on patients with OPLL are necessary.

Conclusion
Integrative KMT reduced neck pain, radiating arm pain, and cervical functional impairment and improved the quality of
life of patients hospitalized for OPLL, with improvements persisting even after discharge.
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