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Background: Temporomandibular joint disorders (TMDs) cause pain and functional restrictions in the temporo-
mandibular joint that interfere with daily activities. This study aimed to evaluate and compare the effectiveness
and safety of various traditional East Asian medicine treatments, including acupuncture, electroacupuncture,
moxibustion, and herbal medicine, in the management of TMD.

Methods: We included searches of MEDLINE, CENTRAL, EMBASE, AMED, CINAHL, OASIS, KISS, RISS, KMbase,
KCI, CNKI, and CiNii from inception to November 12, 2023, for randomized controlled trials of traditional East
Asian medicine treatments in patients with TMD. A network meta-analysis was performed using frequentist meth-
ods, and the Confidence In Network Meta-Analysis methodology were employed to assess evidence quality.
Results: Forty-five studies with 2,211 participants were finally included. Acupotomy (Mean difference (MD) -5.07,
95 % Confidence interval (CI) -7.37 to -2.78) and acupuncture (MD -1.18, 95 % CI -2.28 to -0.09) showed statis-
tically significant superiority in reducing pain intensity compared to sham treatment. According to the SUCRA
rankings, acupotomy was considered the most effective treatment, followed by electroacupuncture, acupuncture,
manipulation, laser therapy and occlusal splint. A total of 12 studies reported incidence of adverse events, and
none were serious adverse events.

Conclusion: Acupotomy and acupuncture could be more beneficial than sham treatment in pain relief and might
be a better option than occlusal splint. However, future rigorous, well-designed trials are needed to draw clear
conclusions.

Protocol registration: PROSPERO (CRD42023467340).

1. Introduction In the past, TMD was thought to result primarily from dental occlu-

sion issues, but recent studies have revealed it is a much more complex

Temporomandibular joint disorder (TMD) is marked by acute or
chronic pain and dysfunction of the temporomandibular joint (TMJ),
often accompanied by symptoms like headaches, earaches, and limited
mandibular range of motion.! According to data from South Korea’s
Healthcare Big Data Hub of the Health Insurance Review and Assess-
ment Service, TMD cases, classified under the KCD (Korean Standard
Classification of Diseases) code ‘K076’ for ‘temporomandibular joint dis-
orders’, have steadily increased over the past decade. In 2010, there
were 244,708 reported cases, rising to 484,241 by 2022.>

disorder involving multiple contributing factors.®> These include trauma
to the TMJ, cervical posture imbalances, and psychological factors. For
instance, trauma from cervical sprains or jaw injuries can cause ox-
idative stress within the TMJ, leading to inflammation and degenera-
tive changes.* Moreover, poor head and neck posture can worsen TMD
symptoms due to the close relationship between the mandible, head, and
neck muscles.® Psychological factors such as stress and anxiety are also
known to influence the onset and progression of TMD by contributing
to muscle tension and altered pain perception mechanisms.®
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The diagnosis of TMD encompasses a range of TMD categories,
including pain-related TMD, which primarily focuses on pain; intra-
articular TMD, characterized by joint crepitus or locking symptoms;
and degenerative TMD, which results from joint degeneration.” Com-
mon treatments for TMD include occlusal splints, non-steroidal anti-
inflammatory drugs (NSAIDs), physical therapy, injections, and surgery,
with an emphasis on less invasive, reversible treatments.® However, de-
spite the variety of conventional options, many patients experience only
partial relief, leading to an increased interest in integrative approaches.’

In recent years, traditional East Asian medicine has gained attention
as a complementary approach to managing TMD. Traditional East Asian
medicine treatments such as acupuncture, moxibustion, cupping, and
herbal medicine target both the localized symptoms and systemic im-
balances that contribute to TMD, offering a holistic perspective on pain
and functional restoration.'?

In South Korea, a research on clinical practice trends in TMD treat-
ment reveals that non-pharmacological approaches, particularly oc-
clusal splint and acupuncture, have gained popularity over the years.!!
Based on this, the occlusal splint was selected among the common treat-
ments and the effectiveness of the common treatment and traditional
East Asian medicine was compared.

Although several systematic reviews have been conducted on in-
dividual treatments such as laser therapy,'? acupuncture,'® warm
acupuncture,'* and manual therapy,'® these reviews focus on specific
interventions and do not comprehensively cover the broader spectrum of
traditional East Asian medicine treatments. Furthermore, no systematic
review or network meta-analysis (NMA) has been conducted to eval-
uate the full range of traditional East Asian medicine treatments for
TMD, including acupuncture, moxibustion, cupping, chuna, and herbal
medicine. Therefore, this study aims to fill this gap by analyzing the
effectiveness of these clinically used treatments. By employing con-
ventional pair-wise meta-analysis (PMA) and NMA methodologies, this
study seeks to identify which treatments are most beneficial and com-
paratively effective, providing valuable insights for the management of
TMD.

2. Methods
2.1. Protocol and registration

The study protocol was registered with PROSPERO
(CRD42023467340), and the study was reported in accordance
with the Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) 2020 guidelines and the PRISMA Extension version
(PRISMA-NMA) (Supplement 1).16-17

2.2. Search strategies

Articles published up to November 12, 2023 were searched in five
English databases (MEDLINE, Cochrane Central Register of Controlled
Trials (CENTRAL), EMBASE, Allied and Complementary Medicine
Database (AMED), Cumulative Index to Nursing and Allied Health Lit-
erature (CINAHL)), six Korean databases (Oriental Medicine Advanced
Searching Integrated System (OASIS), Korean studies Information Ser-
vice System (KISS), Research Information Service System (RISS), Korean
Medical Database (KMbase), Korea Citation Index (KCI)), one Chinese
database (China National Knowledge Infrastructure (CNKI)), and one
Japanese database (CiNii) without restrictions on publication date or
language. The search strategy is available in the Supplement 2.

2.3. Eligibility criteria

2.3.1. Study types
Only parallel-designed RCTs were included. Quasi RCTs, cross-over
studies, cluster RCTs, controlled (non-randomized) clinical trials (CCTs),
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cluster trials, case series, and case reports were excluded to minimize
potential bias.

2.3.2. Participant types

Studies of myogenous, arthrogenous, or mixed TMD were included,
based on either the Research Diagnostic Criteria for TMD (RDC/TMD)
or the revised dual-axis Diagnostic Criteria for TMD (DC/TMD) proto-
col,”>'® or through a clear clinical diagnosis including signs and symp-
toms of TMD. Studies in people with any inflammatory or rheumatic
joint disorders, congenital abnormalities, neoplastic conditions in the
TMJ region, and TMD induced by prior surgical procedures were ex-
cluded.

2.3.3. Intervention types

The intervention included occlusal splints and a range of traditional
East Asian medicine interventions that are commonly administered in
Korean Medicine clinics. These treatments encompassed acupuncture,
warm acupuncture, fire acupuncture, electroacupuncture, pharmacop-
uncture, laser therapy, moxibustion, cupping, herbal medicine, chuna,
and exercise. Since exercise is often prescribed as part of a comprehen-
sive traditional East Asian medicine treatment plan, it was included as
an intervention in this study. To objectively compare the effectiveness of
the intervention, only studies that applied it as a single treatment were
included, and studies that used it as a combination treatment were ex-
cluded. In multi-arm trials, study groups assessing interventions other
than those mentioned above were not eligible.

2.3.4. Outcomes measures

The primary outcome was pain intensity evaluated using the Visual
Analogue Scale (VAS), Numerical Rating Scale (NRS), and validated
other self-reported pain assessment tools. The pain intensity measured
by the VAS is quantified on a scale from 0 to 100, while the NRS is quan-
tified on a scale from 0 to 10. Based on prior research, the VAS scores are
rescaled to a 0 to 10 scale to facilitate comparability in meta-analyses
and mean difference (MD) is employed for the pooled estimates in these
analyses.®

Secondary outcome measures were maximum mouth opening
(MMO) and incidence of adverse events during the treatment period.
For studies with multiple time points of assessment, the evaluation at 4
weeks was designated as the representative point. In the absence of 4
weeks outcomes, results from the nearest time point were selected for
consideration. Outcomes of all data forms were extracted as reported in
the included studies.

2.4. Study selection and data extraction

Two review authors (S Ha and S Kang) independently screened the
titles and abstracts and then the full texts, and extracted data on basic
information, baseline characteristics, treatment specifics, and outcomes
using EndNote Software 20 (Clarivate Analytics, CA) and a standardized
Excel spreadsheet format. Any disagreements were resolved through dis-
cussion with a third independent author (S Lee).

2.5. Risk of bias assessment

The methodological quality of the included studies was assessed in-
dependently by two authors (S Ha and S Kang) using the Cochrane Risk
of Bias 2 assessment tool.? In the event of any disagreements, a third
reviewer (S Lee) were consulted to facilitate resolution.

2.6. Certainty of evidence

The quality of evidence for all outcomes was evaluated us-
ing the Confidence In Network Meta-Analysis (CINeMA) methodol-
ogy (https://cinema.ispm.unibe.ch/). This assessment encompasses do-
mains such as within-study bias, reporting bias, indirectness, impre-
cision, heterogeneity, and incoherence. The quality of evidence was
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categorized as high, moderate, low, or very low based on this evalu-
ation.?!>22 To assess imprecision, the minimum clinically important dif-
ference was established at 1.90 on a scale of 0-10 for pain intensity and
2.5 mm for MMO.%?

2.7. Statistical methods

In the conventional PMA, the “meta” package available in the R pro-
gram (R version 4.2.2, Foundation for Statistical Computing, Vienna,
Austria) was utilized for data analysis.?* Continuous data was presented
as a MD with 95 % confidence interval (CI). To assess heterogeneity
among the studies, the I? statistic were used, considering heterogeneity
significant if it exceeded 75 %. Furthermore, y? test was employed, con-
sidering a p-value lesser than 0.1 as an indication that the studies were
heterogeneous.?® The random-effects model was employed for analysis
because TMD encompasses a wide variety of clinical conditions.

To conduct frequentist NMA, the “netmeta” package available in the
R program was utilized.?® The raw data, which included information
about the study, sample size, mean, standard deviation, and treatment,
was transformed into effect size data using the pairwise function. The
reference variable was set up as sham treatment group, and the effect
size was expressed as the MD. A network plot was generated to visu-
ally represent the direct comparison relationships between treatment
groups. In this plot, the thickness of the edges connecting each node
indicates the number of comparisons between interventions. To assess
clinical and methodological similarities and ensure logical transitivity
between studies, study characteristics, including potential effect modi-
fiers such as sample size, age, gender, treatment dosage, and treatment
duration were qualitatively compared for each study. To test for con-
sistency, both global and local approaches are employed. The global
approach is conducted using a design-by-treatment interaction model
by inserting a network model into the “decomp.design” function and
testing the linearity of the regression coefficients for the entire model
using the Wald test. If the p-value is greater than 0.05, it supports the
null hypothesis of consistency, and the network model is adopted.?”
For individual treatment comparisons, the local approach is conducted
using node-splitting method by inserting a network model into the “net-
split” function. In individual comparisons, if the p-value is <0.1, it is
considered inconsistent, and caution is advised when interpreting the
treatment results.?®-2 Additionally, a league table using P-scores and a
ranking metric using surface under the cumulative ranking curve (SU-
CRA) were presented to illustrate the comparative advantages between
treatments.>? Due to the limited number of studies included for mul-
tiple comparisons, subgroup or sensitivity analyses could not be con-
ducted. Funnel plots were employed for the assessment of publication
bias within NMA.

3. Results
3.1. Study characteristics

A total of 4,885 records identified. After duplicate papers were re-
moved, 3,410 papers were screened for title and abstract. Forty-five pa-
pers with 2,211 participants were finally included after screening full
text. The study selection process is presented in a PRISMA flow chart
(Supplement 3).

The included studies consisted of 31 two-arm comparative stud-
ies,>1-61 12 three-arm comparative studies,®?7> and 2 four-arm compar-
ative studies.”#”> The included studies conducted in a total of 15 differ-
ent countries: 14 studies from Brazil,30,37,39,40,42,45-48, 55,59,61,64,67 7
from Turkey,323444,52,63,72,74 5 from Egypt,3!-33,62,65,69 3 each from
China,*!-43:70 and Japan,®!->4:°¢ 2 each from Croatia,>®-° Spain,°°-°8
and USA,%-75 1 each from Australia,* India,®® Iran,”! Italy,>> Jordan,”?
Switzerland,>* and the United Kingdoms.®® The following 13 types of
interventions were used: acupotomy, acupuncture, ear acupuncture,
electroacupuncture, exercise, laser therapy, manipulation, moxibustion,
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no treatment, sham treatment, scalp acupuncture, occlusal splint, and
warm acupuncture. A total of 37 studies, reporting the primary outcome
of pain intensity measured through either VAS or NRS, were included.
Nine studies were excluded due to missing mean or standard deviation
values.33,37,38,50,60,61,69,72,75 The secondary outcome, MMO, was re-
ported from 28 studies. Three studies that did not provide mean or stan-
dard deviation values was excluded.?®-50.50 Regarding adverse events, a
total of 12 studies discussed this aspect. Characteristics of included stud-
ies are described in Table 1. Fig. 1 shows network plots for the available
direct comparisons between treatments for pain intensity and range of
motion. Each node represents a treatment, and the lines between nodes
indicate direct comparisons between these treatments in the included
studies. The thickness of the lines corresponds to the number of studies,
with thicker lines indicating more comparisons.

3.2. Risk of bias assessment

Regarding the risk of bias of the studies, >50 % of the studies were
judged to be low risk in the areas of randomization process, deviations
from intended interventions, missing outcome data, measurement of the
outcome, and <10 % were judged to be high risk. On the other hand,
there was prevalent of high risk in the selection bias of the reported
results, with 10 studies suspected of having performed multiple mea-
surements or multiple analyses of the outcome data. The overall bias
was assessed as being of some concerns in 27 studies, and at high risk in
13 studies. Most of the studies judged to be high risk were due to high
risk in the selection bias of the reported result (Fig. 2 and Supplement
4.

3.3. Meta-analysis

3.3.1. Pain intensity

In total, twenty-one RCTs were included in the analysis of the pain in-
tensity. The PMA showed that there were significant differences in pain
intensity between acupuncture and acupotomy (1 study, MD 3.89, 95 %
CI 3.39 to 4.39), exercise and manipulation (1 study, MD 0.87, 95 %
CI 0.50 to 1.24), manipulation and no treatment (3 studies, MD —1.42,
95 % CI —2.21 to —0.62, I?=69 %), and no treatment and occlusal splint
(3 studies, MD 1.49, 95 % CI 0.94 to 2.04, I*=53 %) (Supplement 5).
Fig. 3A presents a league table showing the pairwise comparisons of pain
intensity between different treatments. Treatments are ranked by their
P-scores, which indicate the probability of being the best treatment.
Each cell displays the MD in pain intensity between the column and row
treatments, along with 95 % CI. Significant pairwise comparisons are
highlighted in yellow. The NMA showed that acupotomy significantly
reduced the pain intensity compared to electroacupuncture, acupunc-
ture, manipulation, laser therapy, occlusal splint, scalp acupuncture,
sham treatment, exercise, and no treatment. Additionally, acupuncture,
manipulation, and occlusal splint significantly reduced the pain inten-
sity compared with no treatment, and acupuncture reduced it compared
with sham treatment. As a result of cumulative ranking probabilities us-
ing SUCRA for pain intensity, acupotomy was the optimal treatment,
followed by electroacupuncture, acupuncture, manipulation, laser ther-
apy, scalp acupuncture, occlusal splint, sham treatment, exercise, and
no treatment (Supplement 6).

3.3.2. MMO

Twenty-two RCTs were included in the analysis of the MMO. The
PMA showed that there were significant differences in MMO between
acupuncture and acupotomy (1 study, MD -7.10, 95 % CI —-8.53 to
—5.67), manipulation and no treatment (4 studies, MD 2.62, 95 % CI
0.21 to 5.03, 2=91 %), and manipulation and occlusal splint (4 studies,
MD 4.09, 95 % CI 0.12 to 8.07, 12=92 %) (Supplement 7). Fig. 3B shows
a league table for MMO comparisons between treatments. Similar to
Fig. 3A, treatments are ranked by their P-scores, with higher scores in-
dicating better effectiveness. Each cell presents the MD in MMO between
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Table 1

Characteristics of the included studies.
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First author (Year) Country Age (year) Sample size (M/F) Treatment intervention Outcome of Overall risk of
interest reported bias
Benli Turkey (A) 39.1 (A) 30(6/24) (A) Massage VAS Some concerns
(2023)* (B) 39.1 (B) 30(6/24) (B) No treatment MMO
El-Shaheed Egypt (A) 26.2 (A) 14(2/12) (A) Low-level laser therapy VAS Low
(2023)3! (B) 26.3 (B) 14(3/11) (B) Stabilization splint MMO
Emam Egypt 21-44 (A) 25 (A) Low-level laser therapy MMO Some concerns
(2023)%2 (B) 24 (B) Anterior repositioning splint AE
(C) 23 (C) Stabilization splint
Aroca Brazil (A) 22.8 (A) 13(0/13) (A) Ear acupuncture VAS Some concerns
(2022)%4 (B) 27.6 (B) 14(1/13) (B) Occlusal splint MMO
(C) 29.8 (C) 14(2/12) (C) Sham acupuncture
Damar Orenler Turkey (A) 29.0 (A) 15(0/15) (A) Manipulation VAS Some concerns
(2022)%4 (B) 27.8 (B) 14(0/14) (B) Stabilization splint MMO
Ekici Turkey (A) 28.6 (A) 34(10/24) (A) Stabilization splint VAS Some concerns
(2022)°3 (B) 31.5 (B) 32(10/22) (B) High-level laser therapy MMO
(C) 29.5 (C) 34(3/31) (C) No treatment AE
Rady Egypt (A) 23.2 (A) 9(0/9) (A) Low-level laser therapy VAS High
(2022)% (B) 24.2 (B) 9(1/8) (B) Anterior repositioning splint AE
de Resende Brazil 28.0 (A) 21 (A) Manipulation VAS High
(2021)% (B) 22 (B) Occlusal splint
El Zawahry Egypt 25.0 (A) 10 (A) Anterior repositioning splint VAS High
(2021)%° (B) 10 (B) Low-level laser therapy
@ 10 (C) Sham laser
Eraslan Turkey (A) 24.2 (A) 20(4/16) (A) Low-level laser therapy MMO Some concerns
(2021)74 (B) 30.3 (B) 20(4/16) (B) Stabilization splint
(C) 28.3 (C) 20(4/16) (C) Anterior repositioning splint
(D) 23.1 (D) 10(2/8) (D) No treatment
Gikié Croatia (A) 35.5 (A) 10(0/10) (A) Exercise VAS Some concerns
(2021)%8 (B) 35.7 (B) 10(0/10) (B) Stabilization splint MMO
(C) 38.2 (C) 10(0/10) (C) Sham splint AE
Peixoto Brazil 18-65 (A) 15 (A) Scalp acupuncture VAS High
(2021)%7 (B) 15 (B) Manipulation
@15 (C) Occlusal splint
Ram India (A) 37.6 (A) 37 (A) Manipulation VAS Some concerns
(2021)%° (B) 42.3 (B) 37 (B) Stabilization splint MMO
(C) 37.5 (C) 36 (C) No treatment
Serritella Italy (A) 48.3 (A) 20(3/17) (A) Acupuncture VAS Some concerns
(2021)% (B) 38.5 (B) 20(4/16) (B) Electroacupuncture AE
Shousha Egypt (A) 26.2 (A) 37(0/37) (A) Low-level laser therapy VAS Some concerns
(2021)%° (B) 25.7 (B) 37(0/37) (B) Stabilization splint
(©) 27.3 (C) 38(0/38) (C) No treatment
de Salles-Neto Brazil (A) 37.5 (A) 16(0/16) (A) Acupuncture VAS Some concerns
(2020)%” (B) 41.4 (B) 16(0/16) (B) Sham acupuncture AE
Madani Iran (A) 32.0 (A) 15(5/10) (A) Low-level laser therapy VAS High
(2020)7* (B) 43.0 (B) 15(6/9) (B) Laser acupuncture MMO
(C) 35.0 (C) 15(2/13) (C) Sham laser
Pan China (A) 34.2 (A) 25(11/14) (A) Manipulation VAS Some concerns
(2020)7° (B) 34.5 (B) 25(10/15) (B) Stabilization splint MMO
(C) 34.5 (C) 25(10/15) (C) No treatment
Calixtre Brazil (A) 26.1 (A) 30(0/30) (A) Manipulation VAS Low
(2019)% (B) 26.3 (B) 31(0/31) (B) No treatment AE
Rodrigues Brazil (A) 47.5 (A) 11(0/11) (A) Laser acupuncture VAS High
(2019)*° (B) 43.6 (B) 10(0/10) (B) Occlusal splint MMO
Vrbanovi¢ Croatia (A) 38.9 (A) 17(0/17) (A) Stabilization splint VAS High
(2019)% (B) 32.7 (B) 13(0/13) (B) Placebo splint MMO
Xie China (A) 38.4 (A) 60(34/26) (A) Acupotomy VAS Some concerns
(2018)* (B) 40.6 (B) 66(26/40) (B) Acupuncture MMO
Hosgor Turkey 30.4 (A) 10 (A) Stabilization splint VAS Some concerns
(2017)* (B) 10 (B) Low-level laser therapy MMO
Huang China (A) 37.0 (A) 40(17/23) (A) Moxibustion VAS Some concerns
(2017)* (B) 36.0 (B) 40(18/22) (B) Warm acupuncture MMO
Zotelli Brazil (A) 38.0 (A) 20(2/18) (A) Acupuncture NRS Some concerns
(2017)* (B) 35.1 (B) 20(6/14) (B) Sham acupuncture MMO
Packer Brazil (A) 23.5 (A) 16(0/16) (A) Manipulation MMO Low
(2015)%° (B) 26.1 (B) 16(0/16) (B) Sham manipulation
Grillo Brazil 30.0 (A) 20(0/20) (A) Acupuncture VAS Some concerns
(2015)% (B) 20(0/20) (B) Occlusal splint MMO
de Moraes Maia Brazil 27.8 (A) 12 (A) Low-level laser therapy VAS High
(2014)*8 ()9 (B) Sham laser
De Paula Gomes Brazil (A) 30.1 (A) 14(4/10) (A) Massage MMO Low
(2014)%7 (B) 29.7 (B) 14(4/10) (B) Stabilization splint
Demirkol Turkey NA A) 10 (A) Low-level laser therapy VAS Some concerns
(2014)7? (B) 10 (B) Stabilization splint AE
@ 10 (C) Sham laser

(continued on next page)
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Table 1 (continued)
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First author (Year) Country Age (year) Sample size (M/F) Treatment intervention Outcome of Overall risk of
interest reported bias
DeVocht USA (A) 31.7 (A) 20(4/16) (A) Manipulation NRS Some concerns
(2013)75 (B) 36.9 (B) 20(3/17) (B) Stabilization Splint
(©) 33.1 (C) 19(4/15) (C) Sham manipulation
(D) 38.0 (D) 21(5/16) (D) No treatment
Kalamir Australia (A) 28.2 (A) 23(9/14) (A) Manipulation NRS Low
(2013)* (B) 26.8 (B) 23(8/15) (B) Exercise MMO
AE
Itoh Japan (A) 21.7 (A7 (A) Acupuncture VAS Some concerns
(2012)°! (B) 21.4 (B) 8 (B) Sham acupuncture MMO
AE
Vicente-Barrero Spain 39.0 (A) 10(2/8) (A) Acupuncture VAS High
(2012)%° (B) 10(1/9) (B) Stabilization Splint MMO
Asai Japan (A) 21.6 (A) 17(4/13) (A) Acupuncture VAS Some concerns
(2010)° (B) 21.4 (B) 17(3/14) (B) Sham acupuncture MMO
de Felicio Brazil (A)29.0 (A) 10(0/10) (A) Stabilization splint MMO Some concerns
(2010)* (B)34.0 (B) 10(0/10) (B) No treatment
Gotou Japan (A) 33.6 (A) 17(4/13) (A) Manipulation NRS Some concerns
(2010)>* (B) 38.1 (B) 17(3/14) (B) Exercise MMO
Katsoulis (A) 34.0 (A) 3 (A) Laser acupuncture VAS High
(2010)>* Switzerland (B) 28.0 ®) 4 (B) Sham laser
Oz Turkey (A) 31.3 (A) 20(3/17) (A) Low-level laser therapy VAS High
(2010)32 (B) 34.5 (B) 20(3/17) (B) Stabilization splint MMO
AE
Shen USA (A) 36.9 (A) 16(0/16) (A) Acupuncture NRS Some concerns
(2009)7 (B) 44.8 (B) 12(0/12) (B) Sham acupuncture
Mansilla Ferragud Spain (A) 37.0 (A) 26(7/19) (A) Manipulation MMO Some concerns
(2008)>® (B) 36.0 (B) 26(5/21) (B) No treatment
Frare Brazil 27.0 (A) 10(0/10) (A) Low-level laser therapy VAS High
(2008)*° (B) 8(0/8) (B) Sham laser AE
Smith United (A) 38.3 (A) 15(13/2) (A) Acupuncture VAS High
(2007)%° Kingdom (B) 43.2 (B) 12(11/1) (B) Sham acupuncture MMO
Mazzetto Brazil NA A 12 (A) Low-level laser therapy VAS Some concerns
(2007)°! B 12 (B) Sham laser
Al Quran Jordan (A) 32.7 (A) 38 (A) Anterior repositioning splint VAS Some concerns
(2006)73 (B) 31.8 (B) 38 (B) Stabilization splint
(C) 36.0 (C) 38 (C) No treatment

AE, adverse events; F, female; M, male; MMO, maximum mouth opening; NA, not applicable; NRS, numeric rating scale; SD, standard deviation; VAS, visual analogue

scale.
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Fig. 1. Network plot of available direct comparisons on each outcome. (A) pain intensity (B) range of motion. Abbreviations: AC, acupuncture; AP, acupotomy; EA,
electroacupuncture; EX, exercise; LT, laser therapy; MP, manipulation; NT, no treatment; SA, scalp acupuncture; SH, sham treatment; SP, occlusal splint.

the column and row treatments, alongside 95 % CI. Significant differ-
ences are highlighted in yellow. The NMA showed that acupotomy sig-
nificantly increased the MMO compared to acupuncture, occlusal splint,
no treatment, laser therapy, and sham treatment. Additionally, manipu-
lation significantly increased the MMO compared to occlusal splint, no
treatment, and laser therapy. As a result of cumulative ranking proba-
bilities using SUCRA for MMO, acupotomy was the optimal treatment,

followed by manipulation, acupuncture, occlusal splint, no treatment,
laser therapy, exercise, and sham treatment (Supplement 8).

3.3.3. Adbverse events

A total of 12 studies evaluated adverse events. None of the included
studies reported any serious adverse events. Two studies reported mi-
nor adverse events such as pain, hematomas, and slight swelling after
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Overall Bias
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Fig. 2. Summary of risk of bias as percentage based on the Cochrane Risk of Bias 2.0 tool.

Integrative Medicine Research 14 (2025) 101114

A)
0.9974
AP 0.7134
339 [-6.62: -0.16] EA 0.6924
-3.89 [-5.91: -1.87] 0.50 [3.02; 2.02] AC 0.6372
-4.16 [-6.79: -1.54] 0.77 [-3.80: 2.26] 2027 [-1.96: 1.41] MP 0.5438
-4.39 [-6.94; -1.84] -1.00 [-3.96; 1.96] -0.50 [-2.06: 1.06] -0.23 [-1.73; 1.28] 17 0.4130
472 [7.22; -2.22] -1.33 [4.26; 1.59] -0.83 [-231: 0.64] -0.56 [-1.44; 0.32] -0.34 [1.58; 0.91] SP 0.3591
499 [-835; -1.64] | -1.60 [-528: 2.07] | -110 [-3.78: 157) | -0.83 [-3.09; 143] | -061 [3.17: 196] | -027 [-252 1.97) SA 0.2883
-5.07 [-7.37; -2.78] -1.68 [-4.43; 1.07] -1.18 [-2.28; -0.09] -0.91 [-2.48; 0.67] -0.68 [-1.99; 0.62] -0.35 [-1.71; 1.02] -0.08 [-2.69; 2.54] SH 02740
522 [-810; 234] | -1.83 [-5.08 143] | -13 073 | <106 [265 053] | -083 [280: 114] | -049 [2.14; 115] | -022 [2.95; 248] | -0.15 [2.08; 1.78] EX 0.0813
592 [863; -322) | 253 [-5.63: 057) | -2.03 [-3.83% -023] | -176 [28% -0.69] | -153 [3.06; 0.10] | -120 [226; -0.14] | -0.93 [-334 149] | -085 [2.56: 086] | -0.70 [254 1.13] NT
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Fig. 3. (A) League table of pain intensity. (B) League table of maximum mouth opening. The league table shows the pair-wise comparisons in network meta-analysis
(the column’s treatment vs. the row’s treatment). Treatments are ordered in the rank of their chance of being the best treatment. Numbers in grey boxes are P-
scores, which are used to rank the treatments. Significant pairwise comparisons are coloured in yellow boxes. Abbreviations: AC, acupuncture; AP, acupotomy; EA,
electroacupuncture; EX, exercise; LT, laser therapy; MP, manipulation; NT, no treatment; SA, scalp acupuncture; SH, sham treatment; SP, occlusal splint.

acupuncture.®>-%” In one study using trigger point acupuncture, one pa-
tient withdrew due to worsening symptoms.°! Nine studies reported ad-
verse events were not observed during the study.33,40,49,52,59,62,63,68,72

3.4. Publication bias

The network funnel plots for each outcome show relatively symmet-
rical shapes suggesting a lower likelihood of publication bias, as it im-
plies that studies with both positive and negative results are distributed
evenly across the range of precision (Supplement 9).

3.5. Certainty of the evidence

The certainty of evidence from the network meta-analyses was eval-
uated using the CINeMA methodology, considering six key domains:
within-study bias, reporting bias, indirectness, imprecision, heterogene-
ity, and incoherence. Given that most individual studies were assessed
with “some concerns” regarding overall bias, within-study bias was

also evaluated as “some concerns”. In several studies, imprecision was
deemed to have “major concerns” as it failed to meet the criteria for
a minimum clinically important difference. Additionally, heterogeneity
among individual studies raised “some concerns”. With downgrades pri-
marily observed in these three areas, the level of evidence across most
studies was rated as low to very low (Supplement 10).

4. Discussion
4.1. Summary of evidence

A comprehensive search across English, Korean, Chinese and
Japanese databases yielded a total of 4,885 studies. Forty-five stud-
ies were ultimately selected for analysis, with 36 studies included in
meta-analysis. A total of 13 interventions were included, and the most
frequently used interventions were occlusal splint, manipulation, and
acupuncture. In terms of the primary outcome, pain intensity, acupo-
tomy significantly reduces pain intensity. Regarding the rank of treat-
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ments using SUCRA, acupotomy, electroacupuncture, acupuncture, ma-
nipulation, laser therapy, scalp acupuncture, and occlusal splint are su-
perior in pain reduction in that order. However, upon examining the
network plot, acupotomy and electroacupuncture have only one con-
nected edge, both linked to acupuncture. Additionally, the forest plot
of PMA shows that there is a statistically significant difference be-
tween acupuncture and acupotomy, and the difference is the largest
among all comparisons. Consequently, the effects of acupotomy and
electroacupuncture may be exaggerated, making it challenging to inter-
pret acupotomy as the optimal treatment and electroacupuncture as the
next best. On the other hand, the treatment of the subsequent ranking,
acupuncture can be considered more effective based on the cumulative
probability plots for relieving pain than other treatments. This is because
not only are there many studies comparing it to sham treatment, which
is the reference treatment, but also there is a significant difference in
network estimates. In terms of the secondary outcome, MMO, acupo-
tomy significantly increases the range of motion. Regarding the rank of
treatments using SUCRA, acupotomy, manipulation, acupuncture, and
occlusal splint are excellent in increasing the range of motion in that or-
der. However, for the same reason, it is difficult to interpret acupotomy
as the best treatment because its effects may be exaggerated. On the
other hand, the treatment of the subsequent ranking, manipulation and
acupuncture are stably connected in the network plot due to the large
number of compared studies. Particularly, in the case of manipulation,
compared to occlusal splint, both direct estimate and network estimate
were found to have significant differences, so it can be considered effec-
tive in increasing the range of mouth opening. In terms of safety, 12 of
45 studies evaluated adverse events, and none of the included studies
reported any serious adverse events. Two studies reported minor side
effects, and one study reported that trigger point acupuncture led to
worsening symptoms in one patient, leading to discontinuation. The re-
maining nine studies reported that no adverse events were observed
during the study period.

4.2. Comparison with previous study - Clinical perspectives

Previous systematic reviews have focused on some individual treat-
ments such as occlusal splint, acupuncture and manipulation. The ef-
fectiveness of occlusal splint, a commonly used intervention in clinical
practice for TMD, has been a topic of ongoing debate.”®”” The contro-
versy surrounding the usefulness of occlusal splint in treating TMD has
prompted the need of alternative treatments. Some studies have shown
that acupuncture may be a contender, with results that are similar to
those of using occlusal splint in reducing pain intensity and improv-
ing range of motion.”®%° Manipulation also showed promising effects
in the management of TMD.'>-8! Consistent with the results of previous
reviews, this review shows that acupuncture and manipulation may re-
lieve pain intensity and improve range of motion, surpassing the effects
of occlusal splint or sham treatment. However, it is important to note
that the confidence in these results is tempered by the overall quality
and nature of the available evidence, graded as low to very low. Most
of the existing evidence relates to acupuncture and manipulation, with
limited evidence for acupotomy and electroacupuncture. This lack of
evidence should not be interpreted as an absence of efficacy but rather
highlights the need for more robust further researches.

4.3. Comparison with previous study - Methodological perspective

This study is the first to conduct a systematic review and NMA on the
effectiveness of traditional East Asian medicine treatment for TMD pa-
tients. Although clinical practice guidelines for TMD in Korean Medicine
have been published, only qualitative evaluation of each intervention
was conducted and quantitative analysis was not performed, making it
difficult to objectively evaluate the treatment effect.®? Existing system-
atic reviews on various treatments for TMD have searched studies using
dry needling, but only needling in the concept of stimulating trigger
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points were included.®3-8* Therefore, none have undertaken a compre-
hensive analysis of the comparative effectiveness of various traditional
East Asian medicine treatments including acupuncture-related modali-
ties through systematic review and NMA. The findings suggest that, in
comparison to the frequently employed occlusal splint, traditional East
Asian medicine treatments such as acupuncture and manipulation could
be effective treatment options for TMD.

4.4. Limitations of review

There are several limitations in this review. First, this study included
only monotherapy to objectively evaluate the treatment effect. If suffi-
cient RCTs are conducted in the future, it will be necessary to analyze
the effectiveness of combination therapies used in actual clinical prac-
tice. Second, given the inclusion of sham treatment as reference treat-
ment, we decided to conduct separate analyses for pharmacological and
non-pharmacological interventions. To explore the status of research
on traditional East Asian medicine treatments, the search encompassed
herbal medicine and pharmacopuncture, but there were no eligible stud-
ies. If research on pharmacological intervention in traditional East Asian
medicine is conducted in the future, it will be necessary to evaluate com-
parisons between pharmacological interventions such as NSAIDs and
injections. Finally, regarding safety considerations, the insufficient re-
porting of adverse events across the included studies hinders conclusive
assessments. While the limited reporting might suggest a general safety
profile for non-pharmacological treatments, it also raises concerns about
potential underreporting of dropout rates and adverse events in these
studies. In the future studies, it needs to adopt more rigorous reporting
standards for dropout rates and occurrences of adverse events.

4.4. Clinical and research implications

Acupotomy has been ranked highest in terms of comparative effec-
tiveness for alleviating TMD pain and improving the range of mouth
opening. However, the reliability of these findings is hindered by the
scarcity of related research. Consequently, there is an immediate need
for robust evidence supporting various traditional East Asian medicine
treatments, including electroacupuncture, acupuncture, and manipula-
tion, as well as acupotomy, through well-designed RCTs on TMD.

4.5. Conclusion

This systematic review represents the first comprehensive attempt
to assess the effectiveness of various traditional East Asian medicine
treatment for TMD. In the absence of a definitive gold standard for TMD
management, this study showed the potential efficacy of traditional East
Asian medicine treatments, specifically highlighting acupuncture and
manipulation as promising options. However, the robustness of these
findings is limited by the lack of related research, emphasizing the need
for further high-quality research to inform evidence-based practices and
enhance our understanding of optimal therapeutic approaches.
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