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Abstract

The effectiveness and cost-effectiveness of Chuna manual therapy (CMT) for tem-
poromandibular joint disorders (TMD) remain unclear. Here, we compared the effec-
tiveness of CMT and usual care for treating myofascial TMD. A 26-week randomized
controlled trial was conducted from 2018 to 2019 with 80 patients across five hospi-
tals in Korea who were diagnosed with myofascial TMD and had temporomandibular
joint (TMJ) pain lasting more than three months. Patients were randomly assigned
in a 1:1 ratio to either the CMT group, which underwent eight sessions of CMT over
four weeks, or the usual care (UC) group, which received physical therapy for the
same period. Treatment effectiveness was evaluated in terms of pain, function, and
quality of life over 26 weeks. For determining cost-effectiveness, quality-adjusted
life years (QALY) were analyzed, and the incremental cost-effectiveness ratios from
the societal and healthcare system perspectives were calculated. At week 5, the
visual analog scale (VAS) scores decreased more in the CMT group than in the
control group, although the difference was statistically insignificant. The CMT group
showed significant improvement in specific functional and quality of life measures,
particularly in the EuroQoL-VAS (-13.21 (95% confidence interval [CI] -20.03 to
-6.38) and the Jaw Functional Limitation Scale-Global score of 0.59 (95% CI 0.13

to 1.05), through improvements were not consistent across all indices. The CMT
group showed a slightly higher QALY, and the 26-week incremental cost in the CMT
group was $338 lower than that of the usual care group. The cost of CMT was $150
higher than that of usual care, and the incremental cost-effectiveness ratio per utility
ranged from $4,011 to $17,851. When a “willingness to pay for treatment ($26,375)”
threshold was applied, the probability of CMT being cost-effective was 68.1%—98.3%.
Despite no significant differences in pain reduction at week 5, CMT was found to be
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a cost-effective treatment for TMD, particularly for improving function and quality of
life. These findings may serve as a basis for considering the expansion of national
health insurance coverage for Chuna therapy in Korea.

Trial Registration: Clinical Research Information Service KCT0003192

Introduction

Temporomandibular joint disorder (TMD) is defined as craniofacial pain involving

the temporomandibular joint (TMJ), masticatory muscles, and associated head and
neck musculoskeletal structures [1]. Patients with TMD mostly complain of pain,
mandibular motion limitations, and TMJ sounds [2]. TMD is also associated with
chronic pain conditions such as migraine and fibromyalgia. They also report comor-
bidity symptoms, such as chronic fatigue, irritable bowel syndrome, and depression,
resulting in a substantial impact on their quality of life [3]. The reported prevalence of
TMD varies from 5%—12%, but a trend toward an increasing prevalence of TMD was
observed in a recent study [4]. Consequently, the interest in the effective treatment
for TMD has increased. Conservative treatment is generally suggested as the first-
line intervention for TMD and includes education, self-management, physiotherapy,
cognitive behavioral therapy, and pharmacotherapy [2]. However, self-reported
scores of patients’ satisfaction with nonsteroidal anti-inflammatory drugs, occlusal
appliances and physical therapy were not significantly different from those of the

no treatment group, indicating unsatisfactory treatment effects or improvement [5].
Thus, the interest in complementary and alternative medicine treatment modalities
for TMDs, such as acupuncture or manual therapy, has been growing [6], with an
increasing amount of evidence from research studies, including systematic review,
supporting their effectiveness [7-9].

Chuna manual therapy (CMT) is a traditional medicine approach that requires
that practitioners use their hands or specific tools to provide effective stimulation to
treat physical conditions in the body [10]. CMT is considered a safe and effective
treatment option for a wide range of musculoskeletal conditions [11]. In Korea, the
national health insurance (NHI) coverage of CMT was implemented in 2019 [12].
The unit cost of CMT varies depending on the technique used, ranging from approx-
imately $19 to $52. However, NHI reimbursement is currently limited to CMT for
musculoskeletal diseases classified under the ICD-10 M code and injuries under
the S code. Since TMDs are classified under the ICD-10 K07.6 code, CMT for these
disorders is not covered by NHI. A cost-effectiveness study of CMT for TMDs is
necessary to support the potential expansion of NHI reimbursement to include these
disorders. Previous studies have examined the effectiveness of manual therapy for
TMD, but a systematic review concluded that the overall evidence was low, with
uncertainty based on the risk of bias assessment [13]. Another systematic review
assessed the effectiveness of CMT for TMD, but the quality of evidence was low,
and most of the randomized controlled trials (RCTs) were conducted in China [7].
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Thus far, no clinical studies have reported on the treatment effects and cost-effectiveness of CMT, a Korean traditional
manual therapy, for TMD treatment.

Therefore, we conducted this RCT to assess the clinical effectiveness and safety of CMT for TMD and to evaluate its
cost-effectiveness through an economic analysis.

Methods
Study design

This study was designed as a two-arm, multicenter, assessor-blinded RCT to evaluate the effectiveness and cost-effectiveness
of CMT compared to usual care in patients with myofascial TMD. We hypothesized that CMT would result in greater pain reduc-
tion, improved jaw function, enhanced health-related quality of life, and favorable cost-effectiveness profile. Additionally, we
hypothesized that CMT would lead to faster symptom relief and recovery compared to usual care.

This study was conducted from September 24, 2018, to June 29, 2019, at one university hospital (Kyung Hee Univer-
sity Korean Medicine Hospital, Gangdong) and four spine specialty Korean medicine hospitals (Jaseng Hospital of Korean
Medicine in Gangnam, Daejeon, Bucheon, and Haeundae). The protocol of this RCT has been published [14] and was
approved by the Institutional Review Board of the respective hospitals (JASENG 2018-06-008, 2018-06-010, 2018-06-
011, and 2018-06-012, and KHNMCOH 2018-05-007). Written informed consent was obtained from all participants. This
study was conducted according to the Consolidated Standards of Reporting Trials. The study timetable is presented in
Table 1.

Participants

The inclusion criteria were participants aged 19-70 years; numeric rating scale (NRS) score of unilateral or bilateral
TMJ pain lasting for more than 3 months; and diagnosis of myofascial TMD Axis I: Group 1 according to the Research
Diagnostic Criteria for Temporomandibular Joint Disorders (RDC/TMD). The exclusion criteria were TMJ pain due to
trauma, history of TMJ surgery, specific diseases (e.g., rheumatoid arthritis), and use of psychiatric drugs or immuno-
suppressants. Further details on the inclusion and exclusion criteria for participant eligibility are provided in the protocol
publication [14].

Interventions

Six CMT techniques were selected as interventions in this study, based on the textbook [15] of Chuna Manual Medicine.
These techniques were applied based on the patient’'s symptoms and functional impairments. For TMJ-related conditions:

- Sitting TMJ distraction with thumb technique for TMJ displacement and restricted jaw movement
- Sitting lateral pterygoid pushing with index finger technique for lateral pterygoid muscle tension

- Sitting TMJ manipulation with thumb technique for TMJ dislocation

For cervical spine conditions associated with TMD:

- Supine cervical spine distraction technique for cervical tension and stiffness, accompanying TMD

- Supine cervical spine JS distraction manipulation technique for restricted cervical mobility and mild rotational displace-
ment associated with TMD

- Supine cervical spine manipulation technique for cervical displacement observed in TMD patients

Korean medicine doctors (KMDs) selected one or more techniques based on the patient’s condition and clinical judge-
ments, recording all applied techniques in electronic medical records and case report forms.
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Table 1. Study timetable.

Study period
Time point Enroll- | Allocation Active Treatment post-allocation Follow-up

ment

Week -1 | Week 0 (Baseline) Week |Week |Week |Week Week |Week |Week

1 2 3 4 5 13 26

Visit window +3 +3 +3 +3 +3 +7 +7
Eligibility screening o
Written Informed consent o
Vital signs o o o
Sociodemographic characteristics, medical o
history
(e.g., TMJ pain, medication history)
RDC/TMD test & analysis o
Randomized allocation o
TMJ X-RAY o
Credibility and Expectancy o
Treatment in Chuna group « 2 times/week —
(experimental group)
Treatment in UC group « 2 times/week —
(active control group)
Symptoms and change in medicine o ‘ o ‘ o ‘ o o o o
NRS of TMJ pain/ bothersomeness o « every visit —» o © ©
VAS of TMJ pain o o o o o o o
K-BDI-2 o o o
JFLS o o
TMJ Range of Motion o o o o o o o
(maximum mouth opening,
mandibular excursive movement)
PGIC o o o
EQ-5D-5L o o o o
EQ-VAS o o o o
SF-12 o [} o o
Economic evaluation-Medical costs o o o o
Economic evaluation-Time costs o
Economic evaluation-Productivity loss o o o o o o o
Adverse events « every visit —» o o o

https://doi.org/10.1371/journal.pone.0322402.t001

In the usual care group, commonly used methods of physical therapy[16] for TMJ pain were administered according to
the patient’s TMD characteristics.

- Interferential current therapy (ICT) was applied for deep muscle tension and myofascial stiffness
- Transcutaneous electrical nerve stimulation (TENS) was prescribed for patients with pain-dominant symptoms
- Thermotherapy and ultrasound therapy were used for general pain relief and muscle relaxation

Both interventions, CMT and usual care, were administered twice weekly over four weeks, with each session consisting
of 10 minutes of treatment and 10 minutes of rest, totaling 20 minutes. This study aimed to evaluate the effectiveness of
CMT in a real-world setting, adopting a pragmatic approach.
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During the treatment period (up to 4 weeks), medications and treatments for TMD from other medical institutions were
not allowed, but they were permitted and recorded during the follow-up period. Rescue medications such as acetamin-
ophen was allowed for all participants during the treatment period, with a maximum dosage of 4g per day, and its usage
was recorded.

Outcomes

Primary outcome. The primary outcome was the visual analog scale (VAS) score for the TMJ, which was assessed
in week 5. In both the Chuna and usual care groups, pain assessments immediately following the interventions may
not have been accurate due to intervention-induced sensitivity. Therefore, pain levels were measured one week after
completing all assigned interventions, which was set as the primary endpoint. The VAS consisted of a 100-mm line,
with one end representing no pain and the other representing the worst imaginable pain. Participants marked the line to
indicate their TMD pain intensity over the past week. VAS scores for the TMJ were assessed at baseline, weeks 2, 3, 4, 5,
13 and 26.

Secondary outcomes. NRS for TMJ pain & bothersomeness: The Numeric Rating Scale (NRS) was used to
objectively assess subjective pain. Patients chose a number from 0 (no pain) to 10 (worst imaginable pain) to represent
their discomfort since the last visit. NRS scores for pain and bothersomeness related to TMD were recorded at every visit,
including baseline, weeks 5, 13 and 26.

Range of Motion (ROM) of the TMJ: ROM was evaluated at screening, baseline, weeks 2, 3, 4, 5, 13 and 26. Maximum
mouth opening without pain, protrusion, and lateral movements were measured using a ROM ruler (Therabite, Sweden).
Participants were instructed to open their mouths as widely as possible without pain, and to perform mandibular protrusion
and lateral movements. These measurements followed the guidelines set by the international RDC/TMD consortium.

Korean version of Beck’s Depression Index-2 (K-BDI-2)[17]: This questionnaire was administered at baseline, week
5 and 26. It consists of 21 questions scored from 0 to 3, with higher scores indicating greater depression severity. A total
score of 17 or higher indicated clinical depression, at which point participants were referred to a psychological clinic.

Jaw Functional Limitation Scale (JFLS) [18]: Participants completed this questionnaire at baseline and week 5. The
questionnaire assessed jaw function in biting, moving, speaking, and emotional expression, using 20 items rated from 0
(no limitations) to 10 (maximum limitations).

Patient Global Impression of Change (PGIC): The PGIC was assessed week 5, 13 and 26. Participants rated their
health improvement on a 7-point Likert scale, ranging from 1 (very much improved) to 7 (very much worse).

Short Form-12 Health Survey (SF-12), version 2 [19]: The SF-12 was completed at baseline, week 5, 13 and 26. This
survey contains 12 items assessing health-related quality of life, with higher scores indicating better quality of life.

5-Level EuroQol-5 Dimension (EQ-5D-5L) and EuroQol Visual Analogue Scale (EQ-VAS): Both instruments were
administered baseline, week 5, 13 and 26. The EQ-5D-5L evaluates health status across five dimensions (mobility, self-
care, usual activities, pain, and anxiety/depression), while the EQ-VAS uses a 100-mm line to rate health, from worst to
best possible condition.

Credibility and Expectancy Questionnaire: This 9-point Likert scale was used to measure participants’ expectations for
the trial’'s outcome. The Credibility/Expectancy Questionnaire was administered prior to treatment, participants rated how
much they expected their symptoms to improve from 1 (not at all) to 9 (very much).

Work Productivity and Activity Impairment (WPAI) Questionnaire[20]: The WPAI was used to assess productivity loss
due to TMD. It measured absenteeism, presenteeism, and overall work impairment, as well as impairment in regular activ-
ities, for both employed and unemployed participants over the past week. The questionnaire was assessed at baseline,
week 2, 3, 4, 13 and 26.

For economic evaluation, healthcare cost data at each visit were investigated, and surveys were conducted to gather
information on any concomitant treatments received for TMD during the follow-up period.
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Sample size

The sample size was initially estimated at 34 participants per group based on an effect size of 0.7. Using analysis of
covariance (ANCOVA) with baseline data as the covariate and a correlation of 0.3 between baseline and primary endpoint
results, the required sample size was adjusted to 62 participants. Accounting for a 30% dropout rate, the final sample size
was set at 80 participants, with 40 participants per group.

Randomization

Block randomization was performed using nQuery Advisor 7.0 software for a clinical study design (Statistical Solutions
Ltd, Cork, Ireland). The random allocation results were sealed in opaque envelopes and assigned by enroliment order.
They were revealed at participant allocation to ensure concealment throughout the process. The participants were ran-
domly allocated to the CMT or usual care group (1:1 ratio).

Blinding

Outcome assessors were blinded to group allocation and were not involved in the treatment procedures. They were
responsible only for assessing the outcomes, particularly the TMJ range of motion, including maximum mouth open-
ing (MMO; pain-free). Outcome assessors were blinded to group allocation and were not involved in the treatment
procedures.

Statistical analysis

Effectiveness was evaluated by analyzing changes from baseline at each time point for each group. ANCOVA was
planned, using baseline values and any covariates showing statistical differences (p-value <0.05) between groups at
baseline, with group as the fixed factor. However, no covariates showed significant differences between groups at base-
line, so no covariates were included in the final analysis. The analysis was based on the intention-to-treat (ITT) principle,
with missing data on costs and utilities handled using multiple imputation. Correlations between baseline covariates and
outcomes informed the imputation model [21]. Baseline covariates included treatment allocation, sex, and age. Due to a
skewed data distribution, imputations were performed using predictive mean matching and the Markov chain Monte Carlo
method, generating 20 imputation sets with the mice package (version 3.6.0) in R version 4.0.1. For sensitivity analysis,

a per-protocol (PP) analysis was conducted, including only participants who completed all assigned treatment sessions,
with missing data addressed through multiple imputation.

During the study period, AUC analysis and survival analysis were conducted to comprehensively capture the temporal
changes in outcomes. The AUC cumulatively reflected the total amount of effectiveness outcomes from randomization to the
final follow-up and was calculated on a 1-week basis according to the trapezoidal rule. AUCs were calculated from random-
ization to the final follow-up, and the cumulative outcome values of the two groups were compared using Student’s t-test.
Furthermore, the proportion of patients (%) in each group was compared at each timepoint where VAS scores decreased
to less than half of the baseline values. Kaplan—Meier curves were employed for survival analysis to compare the time
until TMD pain ‘recovery’ was achieved, defined as pain outcomes decreasing to less than half of the baseline levels post-
randomization, and the curves were analyzed using the log-rank test. Hazard ratios between the two groups were compared
using the Cox proportional hazards model. A significance level of 0.05 was applied for this study, and all analyses were per-
formed using SAS 9.4 (© SAS Institute, Inc., Cary, NC, USA) and R Studio 1.1.463 (© 2009-2018 RStudio, Inc.).

Utilities
The quality of life of patients was measured using the EQ-5D-5L, including the EQ-VAS and Short Form 12 Health
Survey V2 (SF-12v2) at baseline and five weeks, 13 weeks, and 26 weeks after baseline measurements. For the EQ-5D
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questionnaire, the validated Korean version was used, and the scores were converted into a utility index by applying
the tariffs presented by Kim et al. [22]. For the SF-12v2 questionnaire, the validated Korean version was used, and the
resulting values were converted to the health utility index of SF-6 dimension (SF-6D) using the equation presented by
Brazier et al. [23]. The quality-adjusted life years (QALY) were calculated based on the area under the curve (AUC)
approach and trapezoid method.

Perspectives

For economic evaluation and analysis, two perspectives were used. Healthcare costs during the study period were used
for conducting healthcare system perspective analysis. For the societal perspective analysis, non-healthcare costs such
as time, transportation, and productivity loss costs were considered in addition to the healthcare system costs.

Unit cost

The cost sources and individual unit costs are detailed in S1 Table. Considered costs included CMT, physical ther-
apy, consultation for doctor visits, and X-rays. Additionally, any healthcare services utilized by patients during the
follow-up period were also accounted for. In Korea, CMT is covered by NHI, but not for TMD (a “non-covered ser-
vice”). Costs can vary by institution. For this analysis, we assumed NHI coverage for CMT for TMD and used the NHI
reimbursement rate for calculations. Costs for consultations, physical therapy, and radiography were obtained from
the Health Insurance Review & Assessment Service of Korea (2019). No discount rate was applied due to the 26
weeks study period.

Resource use measurement

In addition to RCT interventions, patients’ private healthcare costs related to TMD (e.g., hospital visits and over-
the-counter drugs) during follow-up were surveyed using questionnaires at 5 weeks, 13 weeks, and 26 weeks post-
randomization. Transportation and time costs were also analyzed and calculated by multiplying total treatment time by
sex- and age-stratified income. Productivity loss was measured using WPAI responses [20]. Work impairment was applied
to employed patients, and activity impairment to unemployed patients, then multiplied by sex- and age-stratified income
[24] to estimate productivity loss costs.

Uncertainty

For cost-effectiveness analysis, the incremental cost-effectiveness ratio (ICER) was calculated by dividing the cost differ-
ence between groups by the utility difference.

To handle uncertainty in the data distribution, 10,000 sample means were extracted using non-parametric bootstrap-
ping. The cost-effectiveness plane was derived by plotting the differences in the extracted costs and QALY, and the
probability that an extracted sample was in each quadrant of the plane was calculated. In addition, incremental net benefit
and cost-effectiveness acceptability curves were obtained based on Koreans’ willingness to pay (WTP) (30,050,000 KRW;
26,375 USD) for their healthcare decisions [25].

The following uncertainties were considered in the sensitivity analysis: 1) Per-protocol (PP) analysis was used
to examine uncertainty depending on the clinical study analysis method; 2) regarding analysis from the healthcare
system perspective, uncertainty from non-healthcare costs was additionally considered; 3) in calculating the WPAI
scores from the societal perspective, the analysis of uncertainty in productivity costs considered costs that only
reflected the overall work impairment of those in paid employment; and 4) regarding uncertainty in the limitations of
the study period, analyses were performed assuming that the effect of up to 6 months would be maintained for one
year.
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Results

Eighty participants were enrolled and included in the ITT analysis (40 each in the CMT and usual care groups), and the
number of people who attended the follow-up visit is shown in Fig 1. The number of patients included in the PP analysis,
an analysis of the participants who completed all the sessions of the assigned treatment, was 75 (37 in the CMT group

and 38 in the usual care group; Fig 1)

Patient characteristics

No significant differences were found in sex, age, comorbidities, or RDC/TMD group distribution, or baseline scores for
VAS, NRS, JFLS, K-BDI, EQ-5D-5L, EQ-VAS, and SF-12 between groups (Table 2). The Credibility/Expectancy Question-
naire (CMT: 7.0+ 1.5; usual care: 6.5+ 1.9, p=0.22) was also not statistically significant.

[ Enrollment ]

Assessed for eligibility
(n=230)

Excluded (n=150)

34 Did not the meet inclusion criteria
12 Did meet the exclusion criteria

58 Difficulty participating in the study

A4

Schedule
2 F/U loss
48 Declined to participate
15 Missed phone call
25 Other reasons

Randomized (n=80)

!

Allocated to the Chuna manual therapy group l

Allocation

(n=40)
40 Received allocated Chuna manual therapy
0 Did not receive allocated Chuna manual therapy

A 4

Allocated to the Usual care group (n=40)
40 Received allocated Usual care
0 Did not receive allocated Usual care

37 had data available at Week 5 post-baseline[

Follow-Up J

follow-up: 0 Missed visit, 3 Withdrew

36 had data available at Month 3 post-baseline
follow-up: 0 Missed visit, 4 Withdrew

35 had data available at Month 6 post-baseline
follow-up: 1 Missed visit, 4 Withdrew

38 had data available at Week 5 post-baseline
follow-up: 0 Missed visit, 2 Withdrew

36 had data available at Month 3 post-baseline
follow-up: 1 Missed visit, 3 Withdrew

35 had data available at Month 6 post-baseline
follow-up: 1 Missed visit, 4 Withdrew

A 4

A 4

Included in Intention-to-Treat Analysis (n=40) L Analysis Jlncluded in Intention-to-Treat Analysis (n=40)

Included in Per-Protocol Analysis (n=37)

| |

Included in Per-Protocol Analysis (n=38)

Fig 1. Study Flowchart.

https://doi.org/10.1371/journal.pone.0322402.9001
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Table 2. Baseline characteristics of participants by randomized group.

Chuna manual therapy Usual care P Value
(n=40) (n=40)

Sex
Female 33 (82.5) 26 (65.0) 127
Male 7(17.5) 14 (35.0)
Age, mean (SD), year 35.5(10.2) 36.0 (10.4) .829
Height, mean (SD), cm 164.8 (7.0) 166.5 (9.3) .339
Body weight, mean (SD), kg 59.3 (10.4) 63.2 (13.2) 147
BMI, mean (SD) 21.8(3.2) 22.6 (3.1) 257
Pain duration, mean (SD), mo 85.7 (74.3) 79.8 (60.5) .696
Comorbidity with other chronic pain 1 22 (55.0) 19 (47.5) .655

0 18 (45.0) 21 (52.5)
Presence of chronic pain (multiple choice possible) 1 30 (75.0) 30 (75.0) 1

0 10 (25.0) 10 (25.0)
RDC/TMDc
Group | a 19 (47.5) 22 (55.0) .655
Group I b 21 (52.5) 18 (45.0)
Group 2 24 (60) 21 (52.5) .652
Group 3 29 (72.5) 20 (50.0) .063
X-ray (%)
Normal 23 (57.5) 20 (50.0) .809
Abnormal, NCS 4(10.0) 5(12.5)
Abnormal, CS 13 (32.5) 15 (37.5)
VAS, mean (SD), mm 52.6 (16.4) 51.1 (13.7) .664
NRS for pain, mean (SD), points 5.2(1.2) 5.2 (1.1) .924
NRS for bothersomeness, mean (SD), points 5.5(1.7) 5.9 (1.7) 317
K-BDI Il, mean (SD), points 11.3 (7.0) 11.8 (8.9) .758
JFLS - Mastication, mean (SD), points 4.6 (1.7) 4.1(1.8) .281
JFLS - Mobility, mean (SD), points 2.9(1.4) 2.8 (1.7) .802
JFLS - Verbal and emotional, mean (SD), points 23(1.7) 2.1(2.2) .651
JFLS - Global, mean (SD), points 3.3(1.4) 3.0(1.7) .506
Maximum mouth opening; range of maximum voluntary mouth 42.1 (6.3) 44.6 (8.7) 153
opening, mean (SD), mm
EQ-5D-5L score, mean (SD), points 0.82 (0.08) 0.82 (0.09) .669
EQ-VAS, mean (SD), mm 58.8 (20.2) 59.0 (16.6) .947
SF-12 score, mean (SD), points
PCS 45.4 (7.8) 46.7 (6.1) 412
MCS 47.9 (10.3) 49.3 (9.1) .516

RDCITMD, Research Diagnostic Criteria for Temporomandibular Joint Disorders; NCS, not clinically significant; CS, clinically significant; SD, standard
deviation; BMI, body mass index; VAS, visual analog scale; NRS, numeric rating scale; JFLS, jaw functional limitation scale; EQ-5D-5L, the EuroQol 5
Dimension 5-level; SF-12, the Medical Outcomes Study 12-ltem Short-Form Health Survey; PCS, Physical Component Summary; MCS, Mental Compo-
nent Summary; EQ-VAS, EuroQol-5 dimension visual analog scale; K-BDI II, Korean version of Beck’s depression index-2

https://doi.org/10.1371/journal.pone.0322402.t002
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Treatment

The most frequently used CMT techniques were sitting TMJ distraction with thumb and supine cervical spine JS distrac-
tion manipulation technique, administered 7.4 + 1.6 times per patient. Furthermore, sitting lateral pterygoid pushing with

index finger technique and sitting cervical spine distraction techniques were frequently used, with 7.3+ 1.8 sessions per
patient (S2 Table).

Regarding the usual care group, ICT was the most frequently used method (70% of the patients, 7.3+ 1.8 sessions),
followed by deep heat therapy, superficial heat therapy, and TENS.

The list of medications related to TMD treatment (analgesics, such as acetaminophen, used as rescue medication
during the intervention period) are presented in S3 Table. During the intervention, medications were used by three partic-
ipants in the usual care group and one in the CMT group. During follow-up, five participants in the usual care group and
one in the CMT group used medications, indicating higher prescription rates in the usual care group.

Effectiveness and safety

Effectiveness. At week 5 post-randomization, the decrease in the VAS scores for TMJ pain was non-significant
between groups (Difference in decrease 5.96; 95% CI -1.49 to 13.42).

No significant differences were observed in NRS scores for pain and bothersomeness at week 5, 13, and 26, and simi-
larly, no significant differences were found in VAS scores for TMJ pain.

However, functional outcomes improved significantly in the CMT group: JFLS-Global (0.59; 95% CI 0.13 to 1.05) and
JFLS-Verbal and emotional (Difference in decrease 0.86; 95% CI 0.28 to 1.44) at week 5.

Quality of life measures also favored the CMT group: SF-12 PCS (-3.50; 95% CI -5.86 to -1.13) and EQ-VAS (-13.21;
95% CI1 -20.03 to -6.27) at week 5. By week 13, the SF-12 PCS continued to show improvement (-2.54; 95% CI -4.88 to
-0.19) indicating sustained benefits.

The PGIC score showed significant improvement in the CMT group (-0.55; 95% CI -0.91 to -0.18) in week 5 and (-0.47;
95% CI -0.90 to -0.03) in week 13 (Table 3).

Additional outcome comparisons, including ROM, are presented in S4 Table. PP analysis results, consistent with the
ITT analysis, are presented in S5 Table. Longitudinal changes in outcomes, including pain(VAS), functional measures
(JFLS-Global), and quality of life indicators (SF-12 PCS, EQ-VAS, EQ-5D), are visualized in S1 Figure.

Survival analysis showed significantly faster recovery in the CMT group with a hazard ratio of 1.75 (95% CI 1.01 to
3.03, p=0.047) based on VAS scores, and the log-rank test also indicated significance (p=0.028) (S2 Fig). The 26-week
AUC comparison indicated significantly faster recovery in terms of function and quality of life in the CMT group, as seen in
JFLS-Verbal and emotional, JFLS-Global, K-BDI 2, EQ-VAS, and SF-12 PCS scores (S6 Table).

Safety

There were three adverse events (AEs) possibly related to the interventions in the CMT group and three in the usual care
group, with no statistically significant difference between the two groups. All events were mild in severity, and no serious
AEs occurred. The AEs in the CMT group were headache, tinnitus, and oral mucosal swelling, which resolved in 5-6 days.
Only oral mucosal swelling resulted in temporary discontinuation of CMT; the headache and tinnitus resolved without
treatment. AEs in the usual care group were otalgia, neck pain, and increased TMJ pain, which resolved in 1-13 days.
The neck pain and increased TMJ pain resolved after analgesics were administered once a day.

Economic evaluation

QALY. At 26 weeks, QALY, measured using EQ-5D scores, was 0.413 in the CMT group and 0.405 in the usual care
group, a difference of 0.0008. Using SF-6D, QALY was 0.369 in the CMT group and 0.352 in the usual care group, a
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Table 3. Primary and secondary outcomes by treatment and time since randomization.

Assessment Categories Week 5 Week 13 Week 26

VAS (Pain) Chuna manual therapy 26.14 (20.71 to 31.56) 27.46 (21.87 to 33.05) 25.02 (18.63 to 31.42)
Usual care 32.10 (26.93 to 37.27) 28.81 (23.19 to 34.43) 28.05 (21.85 to 34.25)
Difference in decrease 5.96 (-1.49 to 13.42) 1.36 (-6.64 to 9.35) 3.02 (-5.95 to 12.00)
P-value 0.115 0.736 0.504

NRS (Pain) Chuna manual therapy 2.86 (2.30 to 3.43) 2.99 (2.40 to 3.58) 2.80 (2.15to 3.45)

Usual care

3.39 (2.83 to 3.95)

3.09 (2.51 to 3.68)

2.79 (2.14 to 3.45)

Difference in decrease

0.53 (-0.28 to 1.33)

0.11 (-0.74 to 0.95)

-0.01 (-0.93 t0 0.92)

P-value

0.194

0.8

0.991

NRS (Bothersomeness)

Chuna manual therapy

2.97 (2.36 to 3.58)

3.25 (2.56 to 3.94)

3.26 (2.50 to 4.01)

Usual care

3.52 (2.93 to 4.11)

3.27 (2.60 to 3.95)

3.21 (2.45 to 3.97)

Difference in decrease

0.55 (-0.33 to 1.43)

0.02 (-0.94 to 0.99)

-0.05 (-1.13 to 1.04)

P-value 0.216 0.961 0.934

EQ-5D-5L Chuna manual therapy 0.85 (0.83 to 0.87) 0.87 (0.84 to 0.89) 0.87 (0.84 to 0.90)
Usual care 0.83 (0.81 to 0.85) 0.84 (0.82 to 0.86) 0.86 (0.84 to 0.89)
Difference in decrease -0.02 (-0.05 t0 0.01) -0.03 (-0.06 to 0.00) 0.00 (-0.05 to 0.04)
P-value 0.253 0.084 0.806

EQ-VAS Chuna manual therapy 72.09 (67.26 to 76.93) 69.42 (62.79 to 76.05) 69.30 (62.75 to 75.85)
Usual care 58.89 (54.15 10 63.62) 61.31 (54.52 t0 68.10) 64.62 (58.00 to 71.24)
Difference in decrease -13.21 (-20.03 to -6.38)a -8.11 (-17.91 to 1.69) -4.68 (-14.151t0 4.78)
P-value <0.001 0.103 0.327

PCS Chuna manual therapy 49.60 (47.96 to 51.24) 50.25 (48.61 to 51.90) 49.58 (47.59 to 51.58)

(SF-12) Usual care 46.10 (44.48 to 47.72) 47.71 (46.06 t0 49.36) | 49.43 (47.31 to 51.56)
Difference in decrease -3.50 (-5.86 to -1.13)b -2.54 (-4.88 t0 -0.19)c -0.15 (-3.13 to 2.83)
P-value 0.004 0.034 0.92

MCS Chuna manual therapy 51.49 (49.72 to 53.25) 52.93 (51.08 to 54.78) 50.87 (48.13 to 53.61)

(SF-12) Usual care 51.49 (49.74 to 53.23) 51.10 (49.25 to 52.94) 50.19 (47.38 to 53.00)
Difference in decrease 0.00 (-2.53 to 2.54) -1.83 (-4.43 t0 0.76) -0.68 (-4.66 to 3.30)
P-value 0.999 0.163 0.733

PGIC Chuna manual therapy 2.49 (2.23 10 2.74) 2.79 (2.48 t0 3.09) 2.97 (2.64 to 3.31)
Usual care 3.03 (2.78 to 3.29) 3.25 (2.95 to 3.56) 3.27 (2.94 to 3.61)
Difference in decrease -0.55 (-0.91 t0 -0.18)b -0.47 (-0.90 t0 -0.03) c -0.30 (-0.78 t0 0.18)
P-value 0.004 0.037 0.213

JFLS - Global Chuna manual therapy 2.13 (1.81 to 2.46) - -

Usual care

2.72 (2.40 to 3.04)

Difference in decrease

0.59 (0.13t0 1.05) ¢

P-value

0.013

JFLS - Mastication

Chuna manual therapy

3.02 (2.60 to 3.43)

Usual care

3.56 (3.16 to 3.97)

Difference in decrease

0.55 (-0.05 to 1.14)

P-value

0.072

JFLS - Mobility

Chuna manual therapy

2.18 (1.7510 2.61)

Usual care

2.53 (2.10 to 2.95)

Difference in decrease

0.35 (-0.25 to 0.94)

P-value

0.248

(Continued)
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Table 3. (Continued)

Assessment Categories Week 5 Week 13 Week 26
JFLS - Verbal and Chuna manual therapy 1.21 (0.81 to 1.61) - -
emotional Usual care 2.07 (1.68 to 2.46) - -
Difference in decrease 0.86 (0.28 to 1.44)° - -
P-value 0.004 - -
K-BDI Il Chuna manual therapy 7.63 (6.33 t0 8.93) - 7.23 (5.70 t0 8.75)

Usual care

9.32 (8.06 to 10.59)

9.33 (7.78 to 10.89)

Difference in decrease

1.69 (-0.20 to 3.58)

2.11 (-0.13 to 4.35)

P-value

0.078

0.064

Maximum mouth opening
without pain

Chuna manual therapy

43.91 (42.39 to 45.43)

4410 (42.49 to 45.71)

43.85 (42.28 to 45.42)

Usual care

43.73 (42.19 to 45.26)

43.74 (42.13 to 45.34)

43.13 (41.61 to 44.65)

Difference in decrease

-0.18 (-2.41 to 2.04)

-0.36 (-2.72 to 2.00)

-0.72 (-2.95 to 1.51)

P-value

0.871

0.76

0.523

Abbreviations: Cl, confidence interval; VAS, visual analog scale; NRS, numeric rating scale; JFLS, jaw functional limitation scale; EQ-5D-5L, the Euro-
Qol 5 Dimension 5-level; SF-12, the Medical Outcomes Study 12-ltem Short-Form Health Survey; PCS, Physical Component Summary; MCS, Mental
Component Summary; PGIC, Patient Global Impression of Change; EQ-VAS, EuroQol-5 dimension visual analog scale; K-BDI I, Korean version of

Beck’s depression index-2

@ P<0.001,* P<0.01, © P<0.05

https://doi.org/10.1371/journal.pone.0322402.t003

difference of 0.016. Using EQ-VAS, QALY was 0.333 in the CMT group and 0.295 in the usual care group, a difference of

0.037 (Table 4).

Cost. From the healthcare system perspective, the health cost was $342 in the CMT group and $192 in the usual care
group. This difference in the cost mainly increased during the treatment period (5 weeks) in this study. From the societal
perspective, including productivity loss, the costs were $5,127 in the CMT group and $5,465 in the usual care group,
indicating lower societal costs for the CMT group due to reduced productivity loss over the study period (S7 Table).

Cost-utility analysis. From the societal perspective, the CMT group demonstrated EQ-5D, SF-6D, and EQ-VAS
QALYs compared with that demonstrated by the control group, and it incurred low costs, making the ICER dominant.
From the healthcare system perspective, the ICER calculated using the EQ-5D scores was $17,851/QALY, with a 64.8%
1 x WTP probability of cost-effectiveness. The ICER calculated based on the SF-6D scores was $9,113/QALY, with a
94.8% 1 xWTP probability of cost-effectiveness. The ICER calculated based on the EQ-VAS scores was $4,011/QALY,
which was the lowest of the three, with a 98.3% 1 xWTP probability of cost-effectiveness (Table 5 and Fig 2).

In the sensitivity analysis, for scenario 1 based on the PP analysis, the cost difference increased slightly compared to

that at baseline. Thus, regarding cost from the healthcare system perspective, the ICER increased slightly, which resulted
in a slight decrease in the probability of CMT being cost-effective. In scenario 2, when the cost from the healthcare system
perspective was calculated, including non-healthcare costs, the ICER based on the EQ-5D increased slightly, with a slight
decrease in the probability of CMT being cost-effective. In scenario 3, in which the cost of productivity loss was calculated
by including only those in paid employment, the dominance of CMT was maintained. In scenario 4, with the assumption
that the effect of the intervention for up to 6 months of the study would be maintained for one year, the ICER decreased,;
however, due to uncertainty, the probability of CMT being cost-effective decreased slightly (S8—S10 Tables).

Discussion

In our study, the comparison of CMT with usual care for TMD revealed no significant difference in pain outcomes.
Although the primary outcome of VAS scores at the 5-week point showed no significant difference, a survival analysis
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Table 4. Quality of life years after randomization into the Chuna manual therapy and usual care groups.

Time Chuna manual therapy Usual Care Difference P Value
EQ-5D

5% week 0.85 (0.83 t0 0.87) 0.83 (0.81 to 0.85) 0.02 (-0.01 to 0.05) 0.253
13" week 0.87 (0.84 to 0.89) 0.84 (0.82 to 0.86) 0.03 (0.00 to 0.06) 0.084
26" week 0.87 (0.84 to 0.90) 0.86 (0.84 to 0.89) 0.00 (-0.04 to 0.05) 0.806
QALYs (EQ-5D) 0.413 (0.405 to 0.421) 0.405 (0.397 to 0.413) 0.008 (-0.003 to 0.020) 0.142
SF-6D

5% week 0.76 (0.73 t0 0.79) 0.73 (0.70 to 0.75) 0.04 (0.00 to 0.08) 0.08
13" week 0.78 (0.75t0 0.81) 0.73 (0.70 to 0.76) 0.05 (0.00 to 0.09)a 0.042
26" week 0.77 (0.74 t0 0.81) 0.75(0.71t0 0.78) 0.02 (-0.02 to 0.07) 0.318
QALYs (SF-6D) 0.369 (0.359 to 0.379) 0.352 (0.343 to 0.362) 0.016 (0.002 to 0.031)a 0.022
EQ-VAS

5% week 72.09 (67.26 to 76.93) 58.89 (54.15 t0 63.62) 13.21 (6.38 t0 20.03)b <0.001
13" week 69.42 (62.79 to 76.05) 61.31 (54.52 to 68.10) 8.11 (-1.69to 17.91) 0.103
26" week 69.30 (62.75 to 75.85) 64.62 (58.00 to 71.24) 4.68 (-4.78 to 14.15) 0.327
QALYs (EQ-VAS) 0.333 (0.313 to 0.352) 0.295 (0.275 to 0.315) 0.037(0.008 to 0.067)a 0.012

Abbreviations. QALY, quality-adjusted life years; EQ-5D-5L, EuroQol 5-Dimension 5-Level; SF-6D, Short Form 6-Dimensional Health State; EQ-VAS,
EuroQol-5 dimension visual analog scale.

* QALYs were calculated using the trapezoidal rule. All values are presented as mean and 95% confidence intervals. Differences between the two
groups were estimated using the independent t-test.

@ P<0.05,°P<0.001

https://doi.org/10.1371/journal.pone.0322402.t004

Table 5. Results of cost-effectiveness analysis of Chuna manual therapy compared with usual care®.

QALY index Societal perspectives Healthcare system perspectives
EQ-5D-5L SF-6D EQ-VAS EQ-5D-5L SF-6D EQ-VAS
ICER ($/QALY) Dominant Dominant Dominant 17,851 9,113 4,011
Probability of cost-effectiveness by cost-effectiveness plane (%)
Cost-saving + More effective 65 68.7 69.1 — — —
Cost-increasing + More effective 28.9 30.7 30.6 93.9 99.4 99.7
Cost-saving + Less effective 41 0.4 0 6.1 0.6 0.3
Cost-increasing + Less effective 2 0.2 0.3 — — —
Probability of cost-effectiveness at | 567 (-903-2,089) | 788 (-644—2,325) | 1,332 (-263-2,980) | 70 (-217-374) | 291 (-72—628) | 835 (39-1,594)
1xXWTP per capita (%)
Incremental net benefit at 1XWTP 78.5 85.2 95 68.4 94.8 98.3
per capita ($)

Abbreviations. QALY, Quality-adjusted life-years; ICER, incremental cost-effectiveness ratio; EQ-5D-5L, EuroQol 5-Dimension 5-Level; SF-6D, the Short
Form 6-Dimensional health state; WTP, willingness to pay

aFor the base case analysis, the QALY was calculated using the EQ-5D-5L. The incremental cost was divided by the incremental QALY to calculate the
ICER. After non-parametric bootstrapping, the incremental net benefit and probability of cost-effectiveness were calculated using the 1XWTP threshold
($26,375). The costs from the healthcare system perspective include the costs of formal and informal healthcare involved in chronic neck pain treatment
and costs of transportation and time. From the societal perspective, productivity costs from chronic neck pain were included.

https://doi.org/10.1371/journal.pone.0322402.t005

defining recovery as a more than 50% reduction in baseline pain demonstrated a hazard ratio of 1.75 (95% CI 1.01 to
3.03, p=0.047), indicating faster recovery in the CMT group. Chronic TMD is known to limit essential functions such as
chewing and speaking, leading to impairments in social activities and quality of life [26,27]. In our study, functional out-
comes also improved significantly, particularly in JFLS-Global (0.59, 95% CI 0.13 to 1.05) and JFLS-Verbal and Emotional
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(0.86, 95% CI 0.28 to 1.44). These improvements in function may have contributed to the observed enhancements in
quality of life, as measured by EQ-VAS and SF-12 PCs, in the CMT group. With a comparable number of mild adverse
events comparable as the control group, CMT emerges as a safe and effective treatment option for TMD, particularly in
improving function and quality of life.

From an economic perspective, CMT was dominant from a societal viewpoint. From the healthcare system perspective,
the ICER based on EQ-5D, SF-6D, and EQ-VAS was $17,951/QALY, $9,113/QALY, and $4,011/QALY, respectively, which
are below the Korean societal WTP for healthcare. This supports the acceptance of CMT as a viable treatment option
in Korea. Currently, NHI covers CMT for musculoskeletal diseases but not for TMD, which falls under a different ICD-10
code. For this study, we assumed NHI coverage for CMT for TMD, specifically using complex CMT involving cervical spine
correction, which costs $32, a higher rate compared with the simple CMT cost of $19. Even with this assumption, the cost
remained within the Korean WTP, indicating the need to extend NHI coverage to CMT for TMD. If simple Chuna therapy
were used instead, the ICER would be further reduced, enhancing cost-effectiveness.

Regarding the mechanisms of CMT effectiveness for TMD treatment, manual therapy targets muscles and nerves
related to the TMJ, reducing abnormal tension. Additionally, CMT may alleviate TMJ function by improving TMJ and the
cervical spine alignment. Cervical spine-related CMT techniques were administered to all the patients in the CMT group.
A previous study reported that patients with TMD with neck disabilities had lower satisfaction levels [28]. Thus, improv-
ing cervical spine function can enhance TMD treatment satisfaction. Another study found that cervical spine exercises
improved pain intensity and pain-free MMO in patients with TMD [29]. Thus, CMT, by aligning the cervical spine and TMJ,
may have a more significant impact on functional outcomes and quality of life than on pain outcomes, where no clear
significance was found.

A strong contribution of the present study is its attempt to examine the effectiveness of CMT in real-world settings using
a pragmatic study design. Another strength is that different sensitivity analyses confirmed the robustness of the analysis in
this study. Regarding previous studies on the effectiveness of CMT for TMD, existing systematic reviews have shown that
CMT (or Tuina manual therapy) was effective in reducing pain and improving function; however, the quality of evidence in
the systematic review was low [7]. Unlike previous systematic reviews, this study did not observe significant differences
in pain outcomes, which may be due to differences in the setting and control groups, as the systematic reviews included
studies from China. This makes direct comparisons difficult and suggests the need for further research.

The limitations of this study are as follows. According to the RDC/TMD, only participants diagnosed with myofascial
TMD, Axis I: Group 1, were included, which limits generalizability of our findings to all TMD types. However, some partic-
ipants with TMD in RDC/TMD Group 2 (disc displacement) or Group 3 (other joint conditions) were included, suggesting
potential effectiveness of CMT for these types as well. Due to the study design, blinding of the physicians (KMDs) and
participants was not possible, and outcome assessors were only blinded for specific outcomes, such as the TMJ range of
motion, with some outcomes measured through patient-reported questionnaires. In addition, while JFLS scores showed
significant differences at week 5, indicating potential functional improvement with CMT, long-term effects could not be ana-
lyzed as JFLS scores were only collected at week 5. Moreover, although quality of life and functional improvements were
observed, significant effects were found only in specific measures, such as EQ-VAS, SF-12 PCS, and JFLS-Global/Verbal
and Emotional scores, rather than across all assessed indices. This suggests that the impact of CMT on overall function
and quality of life may not be uniform across all measures. Furthermore, a limitation of this study is that the WTP values
used were based on a 2012 survey conducted in Korea, as no recent data were available.

Notwithstanding its limitations, the present study is meaningful in that it is the first RCT to apply CMT in traditional
Korean medicine for the treatment of TMD. The findings of this study suggest that, despite no significant differences in
pain at week 5, CMT is a cost-effective and effective treatment option for patients with TMD, particularly for those who
require improvements in function and quality of life. These results provide a basis for expanding national health insurance
coverage of Chuna therapy on TMD in Korea.
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