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Abstract
Background: Numerous treatment modalities have been attempted for masticatory muscle pain in patients with
temporomandibular disorders (TMD). To compare the treatment efficacy of more than 2 competing treatments, a network
meta-analysis (NMA) was conducted.

Methods: This study was reported with reference to the extended Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement for reporting of systematic reviews incorporating network meta-analyses. Medline via Pubmed,
Embase via OVID, and Cochrane Library Central were searched (up to February 11, 2019). Axis I protocol of Diagnostic Criteria or
Research Diagnostic Criteria for Temporomandibular Disorders (DC/TMD, RDC/TMD) were chosen as diagnostic standards. The
PICOS (Problem/patient, Intervention, Comparison, Outcome, Study design) method was used to screen trials under eligibility
criteria. And the NMA was performed with mvmeta commands in Stata (StataCorp, Tex).

Results:Of 766 studies searched, 12 randomized clinical trials (RCTs) were finally included. Nineteen different therapies were found
and further categorized into 9 treatment modalities. The general heterogeneity was not found among included trials. But predictive
intervals (PrIs) were conspicuously wider than confidential intervals (CIs) of all pairwise comparisons, indicating that heterogeneity
may exist between studies. Complementary therapy showed the greatest probability (42.7%) to be the best intervention. It also had
the highest mean rank (2.3) in the rankogram and the biggest value of surface under the cumulative ranking (SUCRA, 84.1%).

Conclusions: Based on the limited evidence of available trials, complementary therapy seemed to be slightly more effective than
remaining treatment modalities for pain reduction in TMD patients with masticatory muscle pain. High-quality randomized controlled
trials are expected to validate the findings.

Abbreviations: AAOP = American Academy of Orofascial Pain, CI = confidential interval, DC/TMD = Diagnostic Criteria Criteria
for Temporomandibular Disorders, IF = inconsistency factor, MPDS =myofacial pain dysfunction syndrome, NMA = network meta-
analysis, NRS= numeric rating score, PICOS= Problem/patient, Intervention, Comparison, Outcome, Study design, PPT= pressure
pain threshold, PrI = predictive interval, PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses, RCT =
randomized clinical trial, RDC/TMD = Research Diagnostic Criteria for Temporomandibular Disorders, RMO = opening range of
mouth, SUCRA = surface under the cumulative ranking, TMD = temporomandibular disorders, VAS = visual analogue scale.
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1. Introduction

Temporomandibular disorders (TMD) have been reported to be a
significant public health problem affecting approximately 5% to
12% of the population.[1] It is the second most common
musculoskeletal condition (after chronic low back pain) leading
to disability and pain.[1] American Academy of Orofascial Pain
(AAOP) has attributed the pain to muscular or articular origin.[2]

And myogenic pain is more frequently seen in clinical practice.[3]

It is persistent in most cases,[4,5] which becomes the primary cause
for TMDpatients seekingmedical assistance.[6,7] Patients’ quality
of life would decrease when suffering from long-lasting pain.[8]

Masticatory muscle pain or myalgia has been classified into 3
clinical types according to Diagnostic Criteria for Temporoman-
dibular Disorders (DC/TMD): local myalgia, myofascial pain,
and myofascial pain with referral.[1] Oral functions could be
impaired, especially in chewing.[9] The etiology of masticatory
muscle pain has not been fully unveiled.[10,11] Recent studies have
shown its complex association with physical, behavioral, social,
and psychological factors.[12] Treatment modalities targeting
different factors have been attempted.[10,13,14] And the main-
stream treatment is non-invasive and reversible.[6,7,14,15]Yet the
agreement has not been reached on which conservative treatment
is more effective. The option of proper therapy has triggered
controversies.[16]
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In order to compare the treatment efficacy among various
treatments, network meta-analysis (NMA) has been intro-
duced.[17,18] For a long time, NMA was criticized for its
complexity and was inaccessible to nonstatisticians.[19] However,
the development of software has made it accessible to clinical
researchers.[20] With the application of NMA, it is realizable to
compare more than 2 competing treatments for masticatory
muscle pain. Given that the current evidence is insufficient, the
purpose of this study is utilizing NMA to analyze current
treatment modalities. And results of this study could be integrated
with clinical practitioners’ experience to provide evidence-based
medical care.

2. Methods

This study was reported with reference to the extended Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement for reporting of systematic reviews
incorporating network meta-analyses of health care interven-
tions.[21] NMA and graphical presentation of outcomes were
performed with mvmeta commands in Stata (StataCorp,
Tex).[22,23]

2.1. Eligibility criteria

We used the PICOS (Problem/patient, Intervention, Comparison,
Outcome, Study design) method to screen studies.[24] Selection
criteria were as following:

1. Participants: adult patients with diagnosis of masticatory
muscle pain by Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) axis I or ResearchDiagnostic Criteria for
Temporomandibular Disorders (RDC/TMD) axis I (group Ia
or Ib both eligible). Pain duration was no less than 6 months.

2. Interventions and comparisons: various interventions includ-
ing substantial pain management of masticatory muscle pain.

3. Outcome measures: quantitative report of pain intensity.
4. Study design: randomized clinical trials (RCTs).

2.2. Information sources and searches

The following electronic databases were searched: Medline via
Pubmed, Embase via OVID, and Cochrane Library Central
without language restrictions. The last access was on February
11, 2019. A manual review of reference lists was done to find
related trials. Two independent reviewers (JF, ML) completed
study selection. And a third reviewer (DB) was involved when
distributes existed. Search algorithm was designed for Medline
and modified for the other 2 databases (see Fig. 1, Supplemental
Content, which showed the records of research strategy, http://
links.lww.com/MD/D356).

2.3. Data extraction and summery measures

Pain reduction was the primary outcome. Both numeric rating
score (NRS) and visual analogue scale (VAS) were adoptable.
Range of the scale was adjusted to 0 to 10 (0 = no pain to 10 =
most intensive pain). Data were extracted and saved in a
customized form for the analysis in Stata. When several time-
point follow-ups were reported, only the longest follow-up
duration was considered.[25] Differences in means of the pain
reduction were adopted as summery measures. Standard

deviation of median difference was calculated if necessary.[19]

Medians and quartiles were transformed into means and
standard deviation by Luo method.[26]

A standardized form was used to display the characteristics of
studies, including items of gender, age, intervention, sample size,
outcome measurement, follow-up period, and drop-out. All
therapies in individual studies were further categorized into
different treatment modalities.[3,14,27] Two independent
reviewers (JF, ML) finished data extraction and fulfilled the
standardized form. A group discussion (JM, YT, and XH) was
held to resolve disagreements in this process.

2.4. Quality assessment

Quality of included studies were evaluated by 2 independent
reviewers (JF, ML) with risk of bias under the instructions of
Cochrane Collaboration.[28] Another independent reviewer (DB)
was consulted when necessary.

2.5. Geometry of the network

In a NMA, the indirect comparison of a-c could be resulted from
direct comparison of a-b and b-c (Fig. 1a). For a triangular closed
loop like a-b-d, the comparison of a-d could result from a-d and
a-b with b-d. Treatment effects of a-d and a-b/b-d were both
calculated to estimate the treatment effects of a vs d. And the
foundation of such estimates was that the treatment effects were
transitive.[19] Transitivity was examined prior to further analysis.
In avoidance of misunderstandings, there were several

concepts to be explained:
Direct comparison: pairwise comparisons from two-arms or

multi-arms trials.
Indirect comparison: pairwise comparisons established

through the same comparator (intervention) and could not be
detected in an individual trial.
Closed loop: usually a triangular structure, displaying direct

pairwise comparisons among 3 interventions.
Direct estimate: the treatment effects calculated from direct

comparisons.
Indirect estimate: the treatment effects calculated though the

same comparator (intervention).

2.6. Assessment of inconsistency

Inconsistency plot was made to examine the transitivity in closed
loops.[22,29] If inconsistency factor (IF) was larger than 2, then
direct estimate could be at least twice larger than indirect estimate
or vice versa.[22] In this case, the inconsistency in a closed loop
would be deemed high.

2.7. Planned methods of analysis

Contributions of treatment effects from direct and indirect
comparisons were presented by contribution plot. Confidential
interval (CI) and mean summary effects were displayed in forest
plot. Moreover, rankograms and surface under the cumulative
ranking (SCURA) were produced to show the probabilities of
efficacy ranking among all treatment modalities. [22,29]

2.8. Risk of bias across studies

The multivariate heterogeneity measures were used to detect
heterogeneity in a general level.[29] Predictive interval (PrI)
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together with CI of pairwise comparisons were reported to
interpret heterogeneity in a local level.[22,23] If PrI was wider
enough than CI, then heterogeneity may exist between studies.
Considering that study size would influence the credibility of
comparative results, funnel plot was drawn to show if any small-
study effects existed between direct comparions.[22,29] Small-
study effect was deemed insignificant if the dots were on the zero
line or symmetrical to the zero line in the funnel plot.

3. Results

3.1. Study selection and characteristics

Of 766 studies identified through the search algorithm, 12 RCTs
were finally included for quantitative synthesis[30–31] (Fig. 2).
Except for 1 study,[32] the majority of participants were females.
Participants’ age ranged from 21.2 to 40.9 years old. The follow-

up period varied from 2 days to 6 months. Three studies used
NRS for outcome reporting, and 9 used VAS. A total of 19
therapies were found and categorized into 9 treatment modalities
(Table 1).

3.2. Risk of bias within studies

Quality of included studies and summary of bias were shown in
Figure 3. The main bias came from allocation concealment and
binding of outcome measurement. According to the authors’
review, no obvious selective reporting bias existed. Overall
quality of included studies was moderate.

3.3. Network geometry

In the network plot, 17 direct pairwise comparisons were found.
The physiotherapy, pharmacotherapy, and placebo were the 3

Figure 1. (a) Model of NMA structure. Solid line linked direct comparisons. (b) The network plot. Nudes were weighted according to the number of intervention
being compared directly. And thickness of lines indicated the amount of direct pairwise comparisons (1=splint therapy, 2=physiotherapy, 3=pharmacotherapy,
4=placebo, 5=acupuncture or needling, 6 =psychological intervention, 7=complementary therapy, 8=bi-physiotherapy, 9= trigger-point injection.).
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most common comparators (Fig. 1b). Besides, 24 indirect
pairwise comparisons were established.

3.4. Inconsistency in NMA

Three closed loops were found, including the treatment
modalities of splint therapy, physiotherapy, placebo, comple-
mentary therapy, and trigger-point injection. The IF values in
these loops were acceptable, which meant that direct and indirect
estimates were relatively consistent (see Fig. 2, Supplemental
Content, which was the inconsistency plot, http://links.lww.com/
MD/D357).

3.5. NMA outcomes

The direct comparison of “pharmacotherapy vs placebo” had the
largest proportion of treatment effect to the whole NMA

structure (see Fig. 3, Supplemental Content, which was the
contribution plot, http://links.lww.com/MD/D358). Direct com-
parison of “placebo vs complementary therapy” and “physio-
therapy vs complementary therapy” was the second and third
most weighted contributor. Taking “physiotherapy vs bi-
physiotherapy” as an example, the mixed estimates derived
100% from the direct comparison of “physiotherapy vs bi-
physiotherapy”. Because there were no other pathways leading to
it. Another example was “placebo vs acupuncture/needling”.
This indirect comparison was established only through “phar-
macotherapy vs placebo” and “pharmacotherapy vs acupunc-
ture/needling”. Therefore, the indirect estimate of “placebo vs
acupuncture/needling” was calculated from “pharmacotherapy
vs placebo” and “placebo vs acupuncture/needling”. They
happened to weight 50% respectively. More details could be
discovered in the matrix of contribution plot.

Figure 2. Flowchart of searching.
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Compared to complementary therapy, acupuncture/needling
(95% CI: -5.76 to -0.13; 95% PrI: -23.27 to 17.39) and
psychological intervention (95% CI: �2.95 to �0.16; 95% PrI:
�14.28 to 11.17) seemed to have higher treatment effect in the
forest plot (Fig. 4). Meanwhile, acupuncture/needling showed
higher treatment effect than pharmacotherapy (95% CI: 0.52 to
4.18; 95% PrI: �12.53 to 17.23) (Fig. 4). Noteworthily, PrIs
were much wider than CIs in these pairwise comparisons. A clear
hierarchy of all treatment modalities in the network structure was
seen in the rankogram (Fig. 5a Complementary therapy showed
the greatest probability (42.7%) to be the best intervention. It
also had the highest mean rank (2.3) in the rankograms and the
biggest value of surface under the cumulative ranking (SUCRA,
84.1%) (Fig. 5b). However, the SUCRA scores andmean ranks of
splint therapy, physiotherapy, pharmacotherapy, and trigger-
point injection differed very slightly to placebo. And physiother-
apy even showed a higher probability of being the best
intervention. For these therapies, uncertainties may exist in the
hierarchy.[33]

3.6. Risk of bias across studies

The general heterogeneity assumption was rejected based on
multivariate heterogeneity measures (see Fig. 4, Supplemental
Content, which presented the results of multivariate heterogene-
ity test, http://links.lww.com/MD/D359). However, all pairwise
comparisons had much wider PrIs than CIs (Fig. 4). This might
attribute to potential heterogeneity between studies, although
general heterogeneity among studies were not found. Except 1
comparison between physiotherapy and placebo, nearly all dots
were on the zero lone or symmetrical to the zero line in the funnel
plot (Fig. 6). In this case, we presumed that the small-study effect
had minor influence to the NMA outcomes.

4. Discussion

Complementary therapy and trigger-point injection seemed to be
slightly more effective than other treatment modalities. Empiri-
cally efficient treatments such as splint therapy and physiothera-
py showed no distinct advantage over placebo. But the outcomes

Table 1

Characteristics of included studies.

Study Gender Intervention (sample size)
Mean
age

Treatment
modality

Outcome
measurement

Follow-up
period

Drop-
out

1. James W. DeVocht (2013) 80% female reversible interocclusal splint
therapy (RIST) (20)

35 splint therapy NRS
∗

6 months 0

Activator Method Chiropractic
Technique (AMCT) (20)

physiotherapy 0

sham AMCT (19) placebo 0
self-care (21) complementary therapy 0

2. Paul W. Major (2007) 100% female Gabapentin (25) 33.58 pharmacotherapy VAS
∗

12 weeks 1
placebo medication (25) placebo 5

3. Luis-Miguel
Gonzalez-Perez (2015)

79.2% female deep dry needling (DDN)(24) 34.3 needling/acupuncture VAS 72 days 8

methocarbamol/paracetamol
combination (24)

35.5 pharmacotherapy 1

4. Lene Baad Hansen (2011) 100% female hypnosis (19) 38.6 psychological intervention NRS 1 week 0
nonhypnotic relaxation (19) complementary therapy 0

5. Delaine
Rodrigues-Bigaton (2014)

100% female upper thoracic manipulation (16) 23.5 physiotherapy VAS 2–3 days 0

placebo procedure (16) 26 placebo 0
6. Malin Ernberg (2011) 90.5% female botulinum toxin type A (BTX-A) (21) 38 trigger-point injection VAS 3 months 0

saline (21) placebo 0
7. Luis Espejo-Antúnez (2015) 28% female stretching technique (21) 21.2 physiotherapy VAS NR‡ 0

stretching plus the ischemic
compression (21)

Bi-physiotherapy† 0

8. Daniele Manfredini (2012) 73.3% female botulinum toxin (15) NR‡ trigger-point injection VAS 3 months 0
Fascial Manipulation (15) physiotherapy 0

9. L. B. OLIVEIRA (2015) 90.6% female active primary motor cortex
tDCS + excercises (16)

23.8 Bi-physiotherapy† VAS 10 days 0

sham primary motor cortex
tDCS + excercises (tDCS) (16)

25.5 physiotherapy 0

10. Nikolaos Christidis (2015) 92.5% female granisetron (20) 38.8 pharmacotherapy NRS 6 months 2
saline (20) 39.1 placebo 0

11. R. Abrahamsen (2009) 100% female hypnosis (20) 40.9 psychological intervention NRS 36 days 0
relaxation-only (20) 38.6 complementary therapy 0

12. Yuri Martins Costa (2016) 75% female transcutaneous electrical
nerve stimulation (TENS) (20)

25.1 physiotherapy VAS 2 days 0

sham treatment (20) 24.15 placebo 0
∗
NRS=numeric rating score, VAS= visual analogue scale.

† Bi-physiotherapy= two combined physiotherapies.
‡ NR=no report.
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Figure 3. Risk of bias evaluation. Green represented positive risk of bias. Red indicated negative risk of bias. And yellow showed unknown risk of bias.

Figure 4. Confidential intervals (CIs) and predictive intervals (PrIs). The black solid lines represented CIs and the red lines represented PrIs. The blue line was the line
of no effect (odds ratio equal to 1) (1=splint therapy, 2=physiotherapy, 3=pharmacotherapy, 4=placebo, 5=acupuncture or needling, 6=psychological
intervention, 7=complementary therapy, 8=bi-physiotherapy, 9= trigger-point injection.).
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of the NMA should be comprehended prudently. There were
conflicting results between the NMA and individual trials.
Taking hypnosis therapy as an example, it belonged to
psychological intervention which showed no distinct advantage
over placebo in the NMA. However, it was reported more

effective than relaxation by 2 of the included trials.[34,35] But
relaxation was in the categorization of complementary therapy
with the greatest probability to be the best intervention, which
was in contrast to previous trials. The seemingly inconsistent
results might derive from the heterogeneity through the NMA

Figure 5. (a) The rankogram showed mean ranks of all treatment modalities, probabilities of being the best intervention and the SUCRA values. (b) Surface under
the cumulative ranking (SCURA). Cumulative probabilities were shown graphically (1=splint therapy, 2=physiotherapy, 3=pharmacotherapy, 4=placebo, 5=
acupuncture or needling, 6=psychological intervention, 7=complementary therapy, 8=bi-physiotherapy, 9= trigger-point injection.).
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which could not be calculated so far.[36] PrI was adopted as a
supporting indicator of heterogeneity in pairwise comparisons. It
could help verify the credibility of comparative results.[22] In this
study, PrIs were wider than CIs in each pairwise comparison,
which meant the possibility of reversed outcomes with more
available data. This was a further proof that current evidence
may not be sufficient enough to justify whether complementary
therapy and trigger-point injection had higher treatment efficacy
of pain reduction than other treatment modalities.
The diagnostic standards of eligible trials were relatively

rigorous and precise. In literature review, there were synonymous
but confusing concepts such as myofacial pain dysfunction
syndrome (MPDS), pain dysfunction syndrome, facial arthro-
mylagia, etc.[37,38] It might be attributed to different diagnostic
systems. And the incidence of TMD was noticed to range from
4% up to 40%, which may also result from diverse diagnostic
criteria.[39,40,41] In 1992, the RDC/TMD was intended to be the
first step toward improved TMD classification.[1] The Axis I
diagnostic algorithms were used for physical assessment, and
Axis II were designed for psychological and disability evaluation.
It proved to be a reliable protocol in multi-site practice.[42,43]

Then the Diagnostic Criteria for TMD (DC/TMD) were newly
recommended in 2014, including both a valid screener for
detecting any pain-related TMD as well as valid diagnostic
criteria for differential diagnosis (sensitivity ≥ 0.86, specificity ≥
0.98).[1]

Findings of the NMA could be interpreted in the context of
other studies. The occlusal appliances have been found in quite
widely use and effective in most patients.[7,44] And 3 million
splints were expected to be made per year, at a cost of
approximately $990 million in the United States.[45] However,
Huang et al summarized that there was insufficient evidence for
or against the use of stabilization splint therapy over other
active interventions for the treatment of temporomandibular
myofascial pain.[46] It complied with the results in the NMA.
And participants in this study were mostly females, which

coincided with previous conditions.[47,48] Accumulating
data have shown hormonal fluctuation in TMD patients.[11,49]

This may explain why women were more vulnerable.
But targeting the self-management treatment to menstrual
cycle-related symptoms has not increased the treatment’s
efficacy so far.[49]

Moreover, Henrikson et al found that the muscle relaxant
cyclobenzaprine had a positive effect for TMD muscle pain in
their NMA.[50] Noteworthily, these TMD patients were
associated with but no limited to myalgia. PrI or any other
analytical means were not utilized to examine the credibility of
comparative results either. Besides, the average age of partic-
ipants in this study was relatively younger compared to the
research of Anders et al. They found that 50-year-old women had
statistically significantly higher prevalence of masticatory muscle
pain.[51] If age was a potential influential factor, then age
distribution of participants should be considered properly.
Edward et al alleged that physiotherapy was probably the most
common treatment.[2] And it has been encouraged for its cost-
efficiency in a long time.[2] But complementary therapy including
self-care and relaxation seemed to have better cost performance.
To provide reliable reference for clinicians and public health
policy makers, cost performance should be quantified and
evaluated through statistical analyses.
There are limitations in the generalizability of NMA. The

grouping of treatment modalities mainly depended on the
substantial character of interventions,[3,14,27] which may differ
with the provider’s training, expertise, and clinical experience.[27]

On account of multidimensional nature of masticatory muscle
pain, standardized interventions should be employed in future
trials.[52] For symptom duration, 6 months was adopted as the
minimum.[40] But 3 months or shorter duration were also seen in
other studies.[13,39] In terms of follow-up, 1 included trial did not
report any detail.[32] Though duration of follow-ups was not
settled, longer observing time was preferred.[53] As for outcome
presentation, pain intensity was the only outcome measurement.
It was the subjective evaluation of patients by themselves.[54]

Comparatively, pressure pain threshold (PPT) and opening range
of mouth (RMO) would be more objective.[54] For extensive
results reporting, self judgment could be combined with objective
parameters.
In conclusion, complementary therapy seemed to be

slightly more effective than placebo for pain reduction in
TMD patients with masticatory muscle pain. Evidence should
be further reinforced by improving trial designing in optimizing
allocation, binding outcome measurement, refining age distri-
bution, initiating standardized interventions, and detailing
follow-ups. To provide comprehensive reference, cost perfor-
mance should be quantified. And future research may
integrate subjective and objective parameters into results
reporting.
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