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Objective: To compare the efficacy of dry needling therapy (DNT), traditional acupuncture (TAT), acupuncture-based combined 
therapy (ACT), and other interventions for temporomandibular disorders (TMD), focusing on pain relief, functional improvement, and 
treatment efficacy.
Methods: Following the PICOS framework, we systematically searched PubMed, Embase, Cochrane Library, Web of Science, and 
CNKI up to July 2025 for randomized controlled trials (RCTs) enrolling adults with TMD. Interventions included seven conservative 
treatments—TAT, DNT, ACT, cognitive behavioral therapy (CBT), comprehensive physiotherapy (CPT), pharmacologic injection 
therapy (PIT), and control interventions (CTRL). Primary outcomes were pain intensity (VAS) and functional indices, and secondary 
outcomes included maximal mouth opening (MMO) and effective rate. Bayesian network meta-analysis was used to estimate 
comparative efficacy, and risk of bias was assessed using RoB 2.0.
Results: This network meta-analysis included 37 randomized controlled trials with a total of 2581 participants. DNT exhibited the 
strongest analgesic effect (MD vs control: −1.61, 95% CI: −2.81 to −0.4), outperforming TAT (MD: −1.56) and pharmacological 
injection (MD: −1.41). ACT showed superior multimodal efficacy: significant reductions in PI (MD vs TAT: −0.13) and CMI, plus the 
highest treatment efficacy rate (RR: 1.8 vs control). For DI, ACT demonstrated marginal improvement over TAT (MD: −0.065, CI near 
zero). No intervention significantly improved MMO. Importantly, the pain reduction achieved by DNT and ACT met the minimal 
clinically important difference (MCID) threshold for TMD (VAS 0–1.9), indicating clinically meaningful benefit. Cumulative ranking 
(SUCRA) confirmed DNT and ACT as top-tier for pain and function, respectively.
Conclusion: DNT and ACT appear to be the most effective interventions for TMD, offering complementary benefits in pain relief and 
functional recovery. These findings support their potential inclusion in multimodal management strategies, though interpretation 
should remain cautious given the predominance of Chinese studies and limited long-term and safety data.
Keywords: temporomandibular disorders, dry needling, acupuncture, network meta-analysis, pain management

Introduction
Temporomandibular disorders (TMD) encompass a group of musculoskeletal conditions affecting the temporomandibular 
joint (TMJ), masticatory muscles, and associated structures. Epidemiological studies indicate a global prevalence of 31% 
among adults, with women at twice the risk compared to men.1–4 Common symptoms include localized or referred pain, 
joint dysfunction (eg, clicking, limited mouth opening), and comorbidities like tinnitus or chronic neck pain.1,5 The 
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clinical course of TMD is often characterized by fluctuating symptoms and intermittent remission, driven by complex 
biomechanical, anatomical, and psychosocial factors.5–9

Current management follows evidence-based guidelines prioritizing conservative therapies, such as physical modalities 
(eg, ultrasound, acupuncture), oral appliances, pharmacotherapy (NSAIDs, injections), and psychological interventions (eg, 
cognitive behavioral therapy).10–14 Among these, Traditional Chinese Medicine (TCM) like acupuncture and dry needling 
therapy (DNT) have gained analgesic and functional benefits in TMD.15–19 Operating on meridian theory, Acupuncture 
modulates pain via endogenous opioid release, neural crosstalk, and improved microcirculation.15,16 Clinical trials support its 
efficacy in chronic pain conditions including musculoskeletal pain and migraines.17,20 Dry needling directly targets myofascial 
trigger points, mechanically disrupting nociceptive signals and reducing local inflammation.18,21 Studies highlight DNT’s 
rapid analgesic effects, with ~60% of myofascial pain patients achieving ≥50% pain relief post-treatment.19

Previous meta-analyses on acupuncture for TMD have largely focused on pairwise comparisons between single interventions 
or versus sham controls, yielding fragmented and short-term evidence with limited generalizability. Methodological hetero
geneity, small sample sizes, inconsistent diagnostic criteria, and lack of functional outcomes have further constrained their 
clinical interpretability.22–24 A recent network meta-analysis (NMA)20 compared DNT with manual therapy (MT) in myofascial 
TMD but was limited by a narrow population scope, short-term pain outcomes, and considerable heterogeneity; while SUCRA 
rankings suggested MT and DNT as the most effective, the findings were weakened by variable protocols and low evidence 
certainty. Another NMA25 outside the TMD field explored surgical strategies for odontogenic keratocysts, illustrating the 
methodological value of NMA but offering no relevance to musculoskeletal orofacial pain. These gaps underscore the need for 
a comprehensive synthesis comparing needling and non-needling interventions across clinically relevant outcomes.

Therefore, this study aims to conduct a Bayesian network meta-analysis of randomized controlled trials in adults with 
TMD to compare needling (traditional acupuncture therapy (TAT), DNT) and non-needling modalities (cognitive 
behavioral therapy (CBT), comprehensive physiotherapy (CPT), pharmacologic injections (PIT), and controls (CTRL)) 
across pain intensity, functional indices (Disability Index (DI), Pain Index (PI), Clinical Mandibular Index (CMI)), 
maximal mouth opening (MMO), and total effective rate (TER), with the goal of establishing an evidence-based 
hierarchy of conservative treatments to inform clinical decision-making.

Materials and Methods
Registration
This NMA was prospectively registered in the International Prospective Register of Systematic Reviews (PROSPERO: 
CRD420251038898) and conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA-NMA) guidelines,26,27 as detailed in Supplementary File 1.

Literature Search Strategy
We searched the Cochrane, PubMed, Embase, Web of science, and CNKI databases until July 1, 2025, using 
a combination of MeSH terms and free-text keywords related to temporomandibular disorders, acupuncture therapy, 
and dry needling. The full search strategy for the five databases are shown in Supplementary Table1−5.

Eligibility Criteria (PICOS Framework)
The study selection followed the PICOS framework:

Participants (P): Adult patients (≥18 years) with a clinical diagnosis of TMD, established according to DC/TMD or 
RDC/TMD criteria. Studies using equivalent clinical diagnostic criteria (eg, International Association for the Study of 
Pain) were considered if definitions were consistent. Trials involving secondary TMD due to trauma, systemic arthritis, 
fibromyalgia, or post-surgical conditions were excluded.28,29

Interventions (I): Seven conservative treatment modalities for TMD were included: traditional acupuncture (TAT), dry 
needling therapy (DNT), acupuncture-based combined therapy (ACT), cognitive behavioral therapy (CBT), comprehen
sive physiotherapy (CPT), pharmacologic injection therapy (PIT), and control interventions (CTRL). The ACT category 
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referred to acupuncture combined with another conservative therapy such as physiotherapy or pharmacologic adjuncts. 
To minimize potential heterogeneity from combined interventions, sensitivity was conducted.

Comparators (C): Any of the above interventions could serve as a comparator depending on the study design. In the 
network structure, CBT, CPT, and PIT represented non-needling active comparators, while CTRL (eg, sham, placebo, or 
routine care) served as the inactive control node. For consistency in ranking, TAT was used as the reference treatment in 
the network meta-analysis.

Outcomes (O): Primary outcomes included pain intensity (VAS) and functional indices (DI, PI, CMI). Secondary 
outcomes were MMO and effective rate (dichotomous).

Study design (S): Only randomized controlled trials (RCTs) were included.
Exclusion criteria:

● Non-RCTs (eg, cohort studies, case reports)
● Studies with irrelevant interventions (eg, surgery-only groups)
● Duplicate publications, incomplete data

Study Selection and Data Extraction
Two independent reviewers screened titles/abstracts and extracted data using a standardized form. Discrepancies were 
resolved by a third reviewer. Extracted data included study characteristics (author, year, country, sample size), patient 
demographics (gender), intervention details (needling technique), and outcome measures (baseline and post-treatment 
scores). When key data (eg, mean values or standard deviations) were missing, corresponding authors were contacted to 
obtain the information. If unavailable, missing values were estimated from reported statistics such as confidence intervals 
or standard errors using established formulas.

Risk of Bias and Certainty of Evidence Assessment
Risk of bias was assessed using the Cochrane Risk of Bias 2.0 (RoB 2.0) tool across five domains:30 randomization, deviations 
from intended interventions, missing outcome data, outcome measurement, and selection of reported results. Studies were 
judged as low risk if they used adequate randomization procedures, appropriately handled deviations from intended 
interventions (eg, through blinding or statistical adjustment), minimized and properly managed missing data, applied 
consistent and objective outcome assessment methods, and comprehensively reported all prespecified outcomes. Each 
study was independently evaluated by two reviewers, and any discrepancies were resolved through discussion; if consensus 
could not be reached, a third senior reviewer adjudicated the final decision to ensure consistency and methodological rigor.

In addition, the certainty of evidence for each primary outcome was evaluated using the Confidence in Network Meta- 
Analysis (CINeMA) framework,31,32 which is grounded in the GRADE approach and assesses six domains: within-study bias, 
reporting bias, indirectness, imprecision, heterogeneity, and incoherence. The CINeMA web application (https://cinema.ispm. 
unibe.ch/) was used to perform the evaluation and to generate summary ratings of evidence confidence.

Statistical Analysis
A Bayesian NMA was conducted using R 4.4.3 (gemtc and netmeta packages33,34):

● Effect measures:
● Continuous outcomes: Mean difference (MD) with 95% credible intervals (CrI)
● Dichotomous outcomes: Risk ratio (RR) with 95% CrI
● Ranking probabilities: Surface under the cumulative ranking curve (SUCRA) values estimated intervention hierarchies.
● Heterogeneity & inconsistency:
● Assessed via τ2 (tau-squared)
● Node-splitting analysis evaluated direct vs indirect evidence discrepancies
● Funnel plots explored publication bias
● Model fit: Both consistency and inconsistency models were compared using deviance information criterion (DIC).
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Result
Data Screening and Results
Our comprehensive search strategy yielded 2,116 records from five major databases: CNKI (516 records), EMBASE 
(733), PubMed (253), Cochrane Library (176), and Web of science (438). After removing 1,394 duplicate and clearly 
irrelevant records, we performed title/abstract screening on the remaining 722 publications. This initial screening 
excluded 625 records that failed to meet our inclusion criteria.

The remaining 97 full-text articles were rigorously evaluated, leading to the exclusion of 50 studies for: Protocol 
deviations (n=18), incompatible outcome measures (n=32), participant mismatches (n=5), discrepant time points (n=24), 
and inadequate control groups (n=1). This systematic selection process culminated in the inclusion of 37 RCTs that met 
the inclusion criteria (see Figure 1).

Characteristics of the Included Studies
The final analysis incorporated 37 RCTs encompassing a total of 2,581 participants. The geographical distribution of 
these studies was as follows: China, 25 studies (67.6% of total); Brazil, 3 studies; United States, 3 studies; Turkey, 3 
studies; and European countries (UK, Italy, Sweden, Finland), 1 study each. Seven distinct therapeutic interventions were 
evaluated across studies for DNT, TAT, ACT, CBT, CPT, PIT, and CTRL.The comprehensive details regarding specific 
studies, the number and characteristics of participants, and specific intervention protocols are systematically presented in 
Table 1.

Literature Quality Assessment Results
The methodological quality of the 37 included randomized controlled trials was assessed using the Cochrane Risk of Bias 
2.0 (RoB 2.0) tool. Most studies showed a low risk of bias across the five evaluated domains, particularly in 
randomization, outcome measurement, and reporting of results. Overall, 28 studies (75.7%) were rated as low risk in 
all domains, indicating sound study design and execution. Seven trials (18.9%) had some concerns, mainly related to 

Figure 1 PRISMA Flow Diagram.
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Table 1 Characteristics of the Included Studies

Study Country Intervention Samplesize 
(Male/Female)

Outcome Tool Course of 
Treatment

Elif Esra Ozmen 202419 Turkey A.DNT A.30(16/14) VAS,MMO 6 weeks

B.CPT (Face Yoga) B.30(19/11)

C.CPT (Physiotherapy (heat) + analgesics) C.30(14/16)

Caio César Quintiliano Ferreira 
202435

Brazil A.DNT A.4/16(20) VAS,MMO 4 weeks

B.CPT (Manual therapy) B.5/15(20)

C.CBT (Cognitive behavioral therapy) C.5/15(20)

Dingjun Zhou 202436 China A.TAT A.30(14/16) VAS,MMO,Fricton 
Index,TER

2 weeks

B.PIT (Diclofenac Sodium Diethylamine Emulgel) B.30(15/15)

Weihua Xue 202437 China A.TAT A.40(18/22) VAS,MMO,Fricton 
Index,TER

2 weeks

B.ACT (TAT+CPT:Cupping) B.40(15/25)

Guijun Lin 202438 China A.TAT A.72(17/55) VAS, MMO, 
Fricton Index,TER

4 weeks

B.ACT (TAT+CPT:Manual therapy) B.72(16/56)

Fatih Taşkesen 202339 United 
States

A.DNT A.15(13/2) MMO 12 weeks

B.PIT (Trigger point injections) B.15(13/2)

C.PIT (Masseteric nerve block) C.15(13/2)

Lei Xie 202340 China A.TAT A.43(14/29) VAS, MMO, 
Fricton Index,TER

4 weeks

B.ACT (TAT+CPT:Manual therapy) B.43(16/27)

Wenhui Su 202241 China A.CPT (Microwave+Manual therapy) A.35(13/22) VAS, 
Fricton Index

3 weeks

B.ACT (TAT+CPT:Microwave+Manual therapy) B.35(16/19)

Min Wu 202142 China A.CPT (Health education+Physical agents+Manual 
therapy)

A.31(7/24) VAS, Fricton 
Index,TER

3 weeks

B.ACT (TAT+CPT:Health education+Physical agents 
+Manual therapy)

B.32(6/26)

Saichao Ma 202043 China A.TAT A.28(14/14) VAS,TER 4 weeks

B.ACT (TAT+CPT:Manual therapy) B.32(15/17)

Wenfang Ding 202044 China A.TAT A.30(9/21) VAS, Fricton 
Index,TER

3 weeks

B.CPT (Manual therapy) B.30(11/19)

C.ACT (TAT+CPT:Manual therapy) C.30(10/20)

Zhongcheng Xue202045 China A.CPT (Manual therapy) A.31(10/21) VAS, Fricton 
Index,TER

4 weeks

B.ACT (TAT+CPT:Manual therapy) B.33(12/21)

Sinem Gökçe Kütük 201946 Turkey A.PIT (Abobotulinum toxin-A injection) A.20 (6/14) VAS, MMO 6 weeks

B.DNT B.20(5/15)

Ying Tang 201947 China A.TAT A.40(18/22) TER 6 weeks

B.ACT (TAT+CPT:Laser therapy) B.40(16/24)

(Continued)
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Table 1 (Continued). 

Study Country Intervention Samplesize 
(Male/Female)

Outcome Tool Course of 
Treatment

Wu Chen 201948 China A.PIT (Ibuprofen) A.24(10/14) VAS, MMO, TER 12 days

B.ACT (TAT+PIT:Ibuprofen) B.24(16/8)

Shugang Hu 201649 China A.CPT (Exercise) A.25(10/15) VAS, Fricton 
Index

4 weeks

B.ACT (TAT+CPT:Exercise) B.25(11/14)

Xiaogang Ding 201650 China A.TAT A.60(28/32) VAS,TER 3 weeks

B.ACT (TAT+CPT:Manual therapy) B.60(25/35)

Cássia M. Grillo 201751 Brazil A.TAT A.20(2/18) VAS 4 weeks

B.CTRL (Placebo) B.20(6/14)

Hong Zhang 201652 China A.TAT A.42(21/21) VAS, MMO, TER 3 weeks

B.ACT (TAT+PIT:Sodium hyaluronate articular cavity 
injection)

B.42(22/20)

Pianpian Jin 201653 China A.CPT (Joint mobilization +Interferential current 
therapy+Ultrasound therapy)

A.20 VAS, MMO 4 weeks

B.ACT (TAT+CPT:Joint mobilization+Interferential 
current therapy+Ultrasound therapy)

B.20

Yan Han 201554 China A.TAT A.58(24/34) VAS, Fricton 
Index

10 days

B.CPT (Cupping) B.62(25/37)

Cássia Maria Grillo 201555 Brazil A.TAT A.20(0/20) VAS, MMO, PPT 4 weeks

B.CPT (Splint) B.20(0/20)

Ying Chen 201456 China A.CPT (Massage) A.31(13/18) VAS, MMO,TER 3 weeks

B.ACT (TAT+CPT:Massage) B.31(11/20)

Demirhan Dırac¸oglu 201257 Turkey A.DNT A.25 VAS, MMO 3 weeks

B.CTRL (Sham DNT) B.25

Yoshi F Shen 200958 United 
States

A.TAT A.16 VAS

B.CTRL (Sham TAT) B.12

Yoshi F. Shen 200759 United 
States

A.TAT A.9 VAS

B.CTRL (Sham TAT) B.6

A. S. McMillan 199760 UK A.PIT (Procaine) A.10 VAS 3 weeks

B.DNT B.10

C.CTRL (Simulated local anesthetic + Simulated dry 
needling)

C.10

T. List, M. Helkimo 199361 Sweden A.TAT A.20 VAS

B.CPT (Occlusal splint) B.20

C.CTRL (No treatment) C.15

A. M. Raustia 198662 Finland A.TAT A.25(6/19) MMO

B.CPT (Stomatognathic treatment) B25(5/20)

(Continued)
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deviations from intended interventions, while two studies (5.4%) were judged to have a high risk of bias across multiple 
domains due to weaknesses in randomization and missing outcome data (eg, Min Wu 2021;42 Zhongcheng Xue 202045). 
Deviations in performance were the most common source of bias, likely reflecting the challenge of blinding participants 
and personnel in non-pharmacological studies. No evidence of selective reporting bias was found. Taken together, the 
included RCTs were of generally acceptable to high methodological quality, lending confidence to the reliability of the 
pooled results in this network meta-analysis (Figure 2 and Supplementary Table 6).

Network Structure of Interventions Across Primary Outcome Measures
The network geometry for four primary outcomes has been presented in Figure 3, (A) Pain Intensity (VAS), (B-D) 
Friction Indices (DI, PI, CMI). For pain intensity (6 interventions), nodes (proportional to study numbers) formed a dense 
network with multiple direct comparisons (line thickness indicating comparison frequency), particularly between ACT, 
DNT and TAT, enabling robust mixed-treatment comparisons. The Friction Indices networks (3–4 interventions) were 
simpler but maintained direct ACT-TAT comparisons across all subscales. This connectivity supported valid indirect 
effect estimates through shared comparators. Network consistency was confirmed through node-splitting analysis (p>0.05 
for all comparisons).

Table 1 (Continued). 

Study Country Intervention Samplesize 
(Male/Female)

Outcome Tool Course of 
Treatment

Ying Zhang 202463 China A.TAT A.33(15/18) VAS, MMO, 
Fricton Index,TER

4 weeks

B.ACT (TAT+CPT: Moxibustion) B.33(13/20)

Qiufang Zhang 202064 China A.TAT A.41(23/18) VAS, MMO, TER 10 days

B.ACT (TAT+CPT:Ultra-short wave+Medium 
frequency electric)

B.41(22/19)

Jing Xu 202065 China A.TAT A.43(10/33) VAS, TER 3 weeks

B.ACT (TAT+CPT:Medium frequency electric) B.43(12/31)

Xiaojian Feng 202066 China A.TAT A.40(15/25) VAS, MMO, TER 3 weeks

B.CPT (Ultra-short wave) B.40(18/22)

C.ACT (TAT+CPT:Ultra-short wave) C.40(16/24)

Ning Zhao 201967 China A.CPT (Microwave) A.105(61/44) VAS, Fricton 
Index,TER

4 weeks

B.ACT (TAT+CPT:Microwave) B.105(63/42)

Tao Lu 201868 China A.CPT (Microwave) A.35(20/15) VAS, Fricton 
Index,TER

4 weeks

B.ACT (TAT+CPT:Microwave) B.35(23/12)

Huixing Shao201769 China A.CPT (Ultra-short wave) A.26(16/10) TER 2 weeks

B.ACT (TAT+CPT:Ultra-short wave) B.26(15/11)

Qingzhi Mao 201770 China A.CPT (Ultra-short wave) A.35(20/15) TER

B.ACT (TAT+CPT:Ultra-short wave) B.42(25/17)

Abbreviations: DNT, dry needling therapy; TAT, traditional acupuncture therapy; ACT, acupuncture-based combined therapy; CBT, cognitive behavioral therapy; PIT, 
pharmacological injection therapy; CPT, comprehensive physiotherapy; CTRL, and control interventions; VAS, Visual Analogue Scale; MMO, Maximum Mouth Opening; TER, 
Total Effective Rate.
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Forest Plots and League Table for Head-to-Head Comparisons of Primary Outcome 
Measures
Pain Intensity (27 Studies, n=1,921)
The network meta-analysis demonstrated significant reductions in pain intensity for both DNT and ACT compared to 
CTRL. DNT showed the greatest effect (MD −1.6, 95% CrI: −2.8 to −0.4), followed by ACT (MD −1.3, 95% CrI: −2.3 to 
−0.21). In direct comparisons, DNT was superior to TAT (MD −1.56, −2.69 to −0.38), PIT (MD −1.76, −3.12 to −0.35), 
and CPT (MD −1.22, −2.28 to −0.46). Similarly, ACT showed advantages over TAT (MD 1.22, 0.61 to 1.8), PIT (MD 
−1.41, −2.59 to −0.2), and CPT (MD −0.87, −1.53 to −0.21) (Figure 4A and Table 2). When contextualized against the 

Figure 2 Assessments about risk-of-bias of included studies. Green = Low risk, Red = High risk, Yellow = Unknown risk.

Figure 3 Network Meta-Analysis for VAS (A), DI (B), PI(C) and CMI (D). Node size corresponds to participant numbers, and connection width indicates the number of 
studies per comparison.
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reported minimal clinically important difference (MCID) for pain in TMD (VAS: 0–1.9),71,72 both DNT and ACT 
achieved clinically meaningful pain relief, meeting the MCID threshold.

Disability Index (10 Studies, n=833)
For functional improvement measures, ACT showed a trend toward greater improvement than TAT (MD −0.065, 95% CrI: 
−0.13 to 0.00023), though the confidence interval crossed zero. CPT demonstrated minimal difference from TAT (MD −0.018, 
95% CrI: −0.11 to 0.075). Similarly, ACT showed advantages over TAT (MD 0.07, 0 to 0.13) (Figure 4B and Table 3).

Pain Index (10 Studies, n=747)
Both ACT (MD −0.13, 95% CrI: −0.20 to −0.065) and CPT (MD −0.091, 95% CrI: −0.18 to −0.0046) significantly 
reduced pain scores compared to TAT. The league table analysis confirmed these findings, with ACT showing advantages 
over TAT (MD 0.13, 0.06 to 0.2) (Figure 4C and Table 4).

Clinical Mandibular Index (13 Studies, n=1,173)
ACT demonstrated statistically significant improvements in mandibular function compared to TAT (MD −0.072, 95% 
CrI: −0.11 to −0.036). Similarly, ACT showed advantages over TAT (MD 0.06, 0.02 to 0.1) and CPT (MD −0.07, −0.11 
to −0.03). No significant differences were observed between PIT, CPT and TAT interventions for this outcome (Figure 4D 
and Table 5).

Figure 4 Forest plots of primary outcomes.Forest plots of network meta-analysis for (A) VAS (vs CTRL), (B) DI, (C) PI, and (D) CMI (all vs TAT).

Table 2 Comparisons Across Treatments for VAS

DNT

−1.56 (−2.69, −0.38) TAT

−0.35 (−1.5, 0.85) 1.22 (0.61, 1.8) ACT

−1.76 (−3.12, −0.35) −0.19 (−1.38, 0.99) −1.41 (−2.59, −0.2) PIT

−1.22 (−2.28, −0.12) 0.35 (−0.37, 1.03) −0.87 (−1.53, −0.21) 0.54 (−0.72, 1.77) CPT

−1.61 (−2.81, −0.4) −0.04 (−1.03, 0.9) −1.26 (−2.34, −0.21) 0.15 (−1.25, 1.51) −0.39 (−1.44, 0.65) CTRL

Note: Bold indicates significance.
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Comprehensive Ranking of SUCRA
The SUCRA analysis revealed distinct efficacy profiles across interventions (Table 6). For pain intensity, DNT demon
strated superior effectiveness (SUCRA=0.94) compared to ACT (0.85) and CPT (0.49). ACT showed the highest efficacy 
for disability improvement (DI: 0.94 vs TAT: 0.18, CPT: 0.38) and pain reduction (PI: 0.93 vs CPT: 0.56, TAT: 0.01). 
Regarding mandibular function (CMI), ACT maintained optimal performance (0.97), surpassing CPT (0.45) and TAT 
(0.40). These rankings were corroborated by cumulative probability and individual rank plots (Figures 5 and 6). The 
findings position DNT as the optimal intervention for pain control, while ACT emerges as the most comprehensive 
therapy, demonstrating superior efficacy across functional, pain-related, and clinical mandibular outcomes.

Table 3 Comparisons Across Treatments for DI

TAT

0.07 (0, 0.13) ACT

0.02 (−0.08, 0.11) −0.05 (−0.13, 0.03) CPT

Note: Bold indicates significance.

Table 4 Comparisons Across Treatments for PI

TAT

0.13 (0.06, 0.2) ACT

0.09 (0, 0.18) −0.04 (−0.11, 0.04) CPT

Note: Bold indicates significance.

Table 5 Comparisons Across Treatments for CMI

TAT

0.06 (0.02, 0.1) ACT

−0.1 (−0.34, 0.16) −0.16 (−0.41, 0.1) PIT

0 (−0.06, 0.05) −0.07 (−0.11, −0.03) 0.1 (−0.17, 0.35) CPT

Note: Bold indicates significance.

Table 6 Comprehensive Ranking of 
SUCRA of Primary Outcomes

VAS DI PI CMI

DNT 0.94 - - -

TAT 0.27 0.18 0.01 0.40

ACT 0.85 0.94 0.93 0.97

CBT - - - -

PIT 0.20 - - 0.19

CPT 0.49 0.38 0.56 0.45

CTRL 0.26 - - -
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Analysis of Secondary Outcome Measures
Network Meta-Analysis of Secondary Outcomes
The network meta-analysis evaluated two secondary outcomes: effective rate and MMO. For effective rate, the network 
comprised 7 interventions (ACT, TAT, DNT, CBT, CPT, CTRL, PIT) with robust direct comparison evidence 
(Supplementary Figure 1A). In contrast, the MMO network involved fewer interventions (3–4) but maintained sufficient 
direct comparisons for valid analysis (Supplementary Figure 1B). Both networks demonstrated appropriate connectivity 
for reliable mixed-treatment comparisons.

Figure 5 Cumulative ranking plots of VAS (A), DI (B), PI (C), and CMI (D) for different interventions.

Figure 6 Individual rank plots of VAS (A), DI (B), PI (C), and CMI (D) for different interventions.
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Effective Rate (21 Studies, n=1,567)
ACT demonstrated superior treatment effectiveness compared to TAT (MD 1.1, 95% CrI: 1.1–1.2). Relative risk analysis 
confirmed ACT’s advantages over: TAT (RR 1.15, 95% CrI: 1.08–1.23), PIT (RR 1.34, 95% CrI: 1.12–1.67), and CPT 
(RR 1.17, 95% CrI: 1.11–1.27). No significant differences were observed between CPT/PIT and TAT. Similarly, ACT 
showed advantages over TAT (MD 1.15, 1.08 to 1.23), CPT (MD 1.17, 1.08 to 1.27) and PIT (MD 1.34, 1.12 to 1.67) 
(Supplementary Figures 2A and Supplementary Table 7). SUCRA ranking confirmed ACT’s dominance (0.99) over TAT 
(0.53), CPT (0.42), and PIT (0.04) (Supplementary Table 9).

Maximal Mouth Opening (17 Studies, n=1,048)
No intervention demonstrated significant improvement in MMO compared to control (Supplementary Figures 2B and 
Supplementary Table 8). However, SUCRA values indicated ACT (0.71), PIT (0.70), and CBT (0.68) showed relatively 
better performance than TAT (0.60), DNT (0.33), and CPT (0.25) (Supplementary Table 9). These findings should be 
interpreted with caution due to the relatively small sample sizes and wide credible intervals across studies, which may 
limit the precision and robustness of the estimates.

Clinical Implications
ACT emerged as the most effective intervention overall, demonstrating superior treatment effectiveness (SUCRA >0.99) 
(Table 6 and Supplementary Table 9). Competitive performance in MMO improvement TAT and PIT showed moderate 
efficacy for MMO, while CPT and DNT exhibited limited effectiveness, particularly for functional improvement.

Safety
Across all included studies, seven trials19,37,38,40,41,54,63 explicitly reported that no adverse events—such as syncope, 
needle stagnation, or hematoma—occurred in any treatment group. The remaining thirty studies did not provide 
information on adverse events.

Consistency and Heterogeneity Assessment
We evaluated model consistency by comparing consistency and inconsistency models using the Deviance Information 
Criterion (DIC). For all outcome measures, the DIC differences between models were minimal (<5), indicating excellent 
model fit (Supplementary Table 10). Heterogeneity analysis revealed low between-study variance for most outcomes (DI: 
τ2=0.0066; PI: τ2=0.0049; CMI: τ2=0.0015). While VAS showed moderate heterogeneity (τ2=0.187), this remained 
acceptable given the network complexity and sample size (Supplementary Table 10). The node-splitting method 
confirmed agreement between direct and indirect evidence (Supplementary Figures 2−8) Model convergence was 
validated through: Trace and density plots (Supplementary Figures 9−14) and Gelman-Rubin diagnostics 
(Supplementary Figures 15−20) All potential scale reduction factors (PSRF) approached 1.0, demonstrating satisfactory 
convergence. These results collectively confirm that our network meta-analysis model exhibits Robust goodness-of-fit, 
Strong evidence consistency, Reliable convergence properties and Minimal heterogeneity concerns.

The certainty of evidence was evaluated using the CINeMA framework across all network comparisons. Overall, 
most outcomes showed moderate to high confidence, indicating that the findings are generally reliable. For VAS and 
CMI, most comparisons were rated as moderate confidence due to concerns about heterogeneity or imprecision, with 
only one (CPT vs DNT) downgraded to low confidence for major issues in both domains. For PI, confidence ranged from 
high (ACT vs TAT) to very low (ACT vs CPT) depending on the number of major concerns, while for DI, most 
comparisons remained moderate, except ACT vs CPT, which was rated low. Reporting bias and indirectness were 
consistently judged as low concern (Supplementary Figures 21−28 and Supplementary Table 11−14). Taken together, 
these results suggest that the evidence supporting the comparative effects of needling-based interventions is broadly 
credible, though moderate heterogeneity and inconsistency warrant cautious interpretation.
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Publication Bias Assessment
Funnel plots were used to assess potential publication bias across outcomes (Supplementary Figures 29−34) Visual 
inspection revealed generally symmetrical distributions for most outcomes, indicating no major evidence of publication 
bias. Egger’s tests supported these findings, showing no significant results for VAS (p = 0.64), DI (p = 0.58), effective 
rate (p = 0.24), and MMO (p = 0.66). However, significant asymmetry was detected for PI (p = 0.02) and CMI (p < 0.01), 
suggesting possible publication bias in these outcomes. This may lead to an overestimation of the reported functional 
improvements. Overall, the results indicate a low likelihood of publication bias for most analyses, with moderate concern 
limited to specific indicators.

Sensitivity Analysis
Sensitivity analyses were conducted to assess the robustness of treatment effects and to explore the influence of different 
co-interventions within acupuncture-based combined therapy (ACT) (Supplementary Table 15). For dry needling therapy 
(DNT), the pooled effect remained stable after excluding either acupuncture–physiotherapy (TAT + CPT) or acupunc
ture–pharmacotherapy (TAT + PIT) studies (MD = –1.61 [–2.81, –0.40] vs –1.59 [–2.79, –0.38] and –1.63 [–2.92, –0.30], 
respectively), indicating consistent analgesic efficacy. In contrast, for ACT, excluding the single study involving 
acupuncture plus physiotherapy produced similar results to the main estimate (MD = –1.32 [–2.42, –0.23] vs –1.26 [– 
2.34, –0.21]), whereas removal of multiple studies combining acupuncture with pharmacologic interventions attenuated 
the treatment effect and rendered it nonsignificant (MD = –0.70 [–3.51, 1.95]) (Supplementary Table 15). This pattern 
suggests that the observed benefit of ACT is primarily driven by combinations involving physiotherapy rather than 
pharmacologic adjuncts, likely due to differing mechanisms of synergy between acupuncture and the respective co- 
interventions.

Discussion
Primary Findings
This network meta-analysis of 37 randomized controlled trials provides strong evidence that DNT and ACT are effective 
treatments for temporomandibular disorders. Both interventions consistently outperformed conventional and other non- 
needling therapies in relieving pain and improving functional outcomes. DNT offered the most reliable benefits for pain 
reduction, whereas ACT achieved broader gains in mandibular function and overall clinical improvement. In contrast, 
cognitive and physical therapies alone showed limited efficacy. The consistency of these results across multiple outcomes 
and sensitivity analyses supports the robustness of the evidence. It underscores DNT and ACT as the most effective 
treatment strategies identified for TMD management.

Comparison with Previous Evidence
Our findings align partly with and extend the conclusions of previous systematic reviews. Di Francesco et al22 and da 
Silva Mira et al23 reported that both conventional and laser acupuncture provide short-term pain relief in temporoman
dibular disorders, though their analyses were limited by small sample sizes, heterogeneity, and a focus on isolated 
acupuncture modalities. In contrast, the present network meta-analysis incorporated a broader range of interventions— 
including DNT and ACT—and evaluated multiple clinical outcomes beyond pain, such as mandibular function and 
overall disability. Our results corroborate earlier evidence that needling-based approaches are effective for pain reduction, 
while further demonstrating that ACT yields consistent functional benefits not previously quantified. Compared with the 
network meta-analysis by Al-Moraissi et al24 which identified dry needling among several promising options for 
myogenous TMD, our study provides updated and more granular evidence integrating recent randomized trials and 
highlighting ACT as an emerging, multi-modal strategy. Collectively, these findings strengthen the evidence base for 
needling therapies and clarify their relative therapeutic hierarchy in TMD management.
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Underlying Mechanism
Therefore, DNT and ACT demonstrate significant effects in the treatment of TMD, emerging as the most effective 
interventions in this study. Both treatments outperform other interventions in relieving pain intensity, improving 
dysfunction, and enhancing the clinical mandibular index, with DNT, in particular, showing a stronger analgesic effect. 
Dry needling involves the use of solid or hollow subcutaneous needles inserted into the body’s muscle fascia to alleviate 
pain in local muscles, tendons, fascia, and nerves.73,74 Research shows that DNT can alleviate joint pain and dysfunction 
caused by TMD by promoting blood flow and releasing muscle tension.75 Additionally, DNT has shown significant 
effectiveness in treating other musculoskeletal disorders, such as neck and shoulder pain and low back pain.76,77 ACT, by 
needling local acupoints, can promote the flow of qi and blood circulation, unblock local stagnation of qi and blood, 
induce functional contraction of the masticatory muscles, and restore normal mandibular movement. Combined with 
other therapies, it further facilitates oral function recovery and reduces pain symptoms.78

Clinical Implications and Future Directions
This network meta-analysis provides clinically relevant evidence that both DNT and ACT offer meaningful benefits for 
patients with temporomandibular disorders. The observed improvements in pain intensity for both interventions exceeded 
the established MCID for TMD, indicating that the effects are not only statistically significant but also clinically 
perceptible to patients. Beyond pain relief, ACT demonstrated broader functional benefits, suggesting potential utility 
for patients presenting with complex or multifactorial symptoms. In the broader clinical context, these findings align with 
recent international guidelines that recommend acupuncture and physical therapy—alone or in combination—as adjunc
tive options for chronic TMD management. The observed superiority of ACT further supports a multimodal approach 
that integrates acupuncture with evidence-based rehabilitation strategies, reflecting a pragmatic and patient-centered 
direction for clinical care.

However, given that most included studies were conducted in China, cultural and practice differences may limit the 
external validity of these results. Variations in acupuncture techniques, practitioner expertise, and healthcare delivery 
systems could affect reproducibility in non-Asian populations. Therefore, while DNT and ACT appear promising, their 
implementation should be interpreted with caution and tailored to local clinical contexts. Future research should prioritize 
high-quality, multinational randomized controlled trials with standardized outcome definitions, longer follow-up dura
tions, and comprehensive safety reporting. Such studies are essential to confirm long-term efficacy, enhance global 
applicability, and inform evidence-based updates to international TMD management guidelines.

Limitations
This network meta-analysis has several limitations. Most included trials reported only short-term outcomes, limiting 
inferences about durability, relapse, and longer-term quality-of-life effects. Generalizability may be constrained because 
a large proportion of studies were conducted in China; cultural and practice differences could influence treatment 
response in other settings. Although pain assessment was standardized using VAS across studies, residual clinical 
heterogeneity remained—particularly regarding TMD subtypes, treatment durations, and intervention protocols (eg, 
acupuncture points and adjunctive procedures)—which may have contributed to variability in pooled estimates. Some 
uncertainty also persists around blinding procedures in a subset of trials, which could affect outcome assessment. For 
outcomes without control data, we used TAT as the network reference to maintain connectivity; while this improves 
model stability and interpretability, it may bias comparisons toward characteristics specific to TAT. Finally, adverse 
events were rarely reported across trials, precluding a formal safety analysis; future studies should expand sample sizes 
and prospectively capture and report harms alongside efficacy outcomes.

Conclusion
DNT demonstrated the most reliable improvement in pain relief, while ACT showed broader benefits in mandibular 
function and overall clinical outcomes. This study employed a robust Bayesian network meta-analysis approach, and 
consistent findings were observed across different outcome measures. These methodological strengths enhance the 
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reliability of the results. Although these findings support their therapeutic value, they should be interpreted with caution 
due to moderate heterogeneity, limited geographic diversity, and incomplete safety reporting among included trials. 
Further large-scale, multinational studies with standardized outcome measures and long-term follow-up are warranted to 
confirm these results and strengthen their applicability across diverse clinical settings. Collectively, this study reinforces 
the potential role of DNT and ACT as evidence-informed options within a multimodal approach to TMD management, 
aligned with contemporary pain management guidelines.
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