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Abstract.

BACKGROUND: Patients with temporomandibular disorders (TMD) mostly suffer from muscle-related pain. Several conservative
interventions have been suggested as treatments for TMD in the last years.

OBJECTIVE: The aim of this systematic review with meta-analysis was to assess the efficacy of rehabilitative approaches in
reducing pain in patients with muscle-related TMD.

METHODS: PubMed, Scopus, and Web of Science were systematically searched from inception until April 28", 2021 to
identify randomized controlled trials (RCTs) presenting: patients with painful muscle-related TMD; rehabilitative approaches as
interventions; placebo or sham treatment as comparisons; pain intensity, using visual analogue scale as outcome. A meta-analysis
was performed to evaluate the overall effect on painful muscle-related TMD patients. PROSPERO registration number of this
systematic review is CRD42021251904.

RESULTS: Out of 1997 papers suitable for title/abstract screening, 189 articles were assessed for eligibility. Sixteen RCTs
were included and most of them (n = 6, 37.5%) investigated the effects of the laser therapy. The meta-analysis revealed that
rehabilitative interventions had a significant overall effect size (ES) of 1.44 (p < 0.0001) in decreasing pain in patients with
muscle-related disorders.

CONCLUSION: Findings of this systematic review with meta-analysis suggested that rehabilitative approaches might be effective
in reducing pain in muscle-related TMD patients. However, the low number of RCTs evaluating conservative approaches might
impair the synthesis of evidence regarding the different techniques, calling for caution in the interpretation of these results.
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1. Introduction

Temporomandibular disorders (TMD) include sev-
eral diseases involving masticatory muscles of the stom-
atognathic system, temporomandibular joint (TMJ), or
both [1]. TMD have been accepted to have a multifac-
torial etiology [2], including as potential risk factors:
a prolonged use of mastication muscles, grinding and
clenching, malocclusion, repetitive trauma at the TMJ,
psychological disorders (e.g. anxiety and depressive
syndrome), and cervical posture [3—6]. Moreover, it has
been also hypothesized a correlation between TMD and
the position of the cervical spine, albeit the potential
differences in terms of skeletal maturation make this
correlation still controversial [7,8].

In this context, an adequate classification was con-
sidered as crucial to create a standard management
of TMD. Thus, the Diagnostic Criteria for TMD
(DC/TMD) were established by the International Re-
search DC/TMD Consortium Network and the Oro-
facial Pain Special Interest Group [9]. According to
DC/TMD, there is a dual-axis system for the diagnosis
of TMD, consisting of: Axis I for the clinical exami-
nation, and Axis II for the assessment of pain-related
disability. More in detail, DC/TMD Axis I includes: a)
muscle disorders, including myofascial pain with and
without mouth opening limitation; b) disc displacement
with or without reduction or mouth opening limitation;
c¢) arthralgia, arthritis, and arthrosis. DC/TMD Axis II
evaluates relevant behavioral, psychological status, and
psychosocial functioning (e.g., depression and somati-
zation, pain status variables, and disability levels) [9].

Therefore, both myalgia and myofascial pain are con-
sidered as muscle-related disorders, according to the
DC/TMD [9]. Local myalgia is characterized by pain
localized to the area of palpation on examination. My-
ofascial pain originates in the muscle, as in myalgia, but
it extends beyond the area identified by palpation. Re-
ferred myofascial pain is characterized by extension to-
wards areas distant from the area identified in the exam-
ination and from the limits of the palpated muscle. Mas-
seter and temporalis muscles are commonly associated
with myofascial pain and considered as main causes
of TMD [10]. However, it has been shown that around
85% of the general population has been shown to have
at least one sign or symptom of myofascial pain, with
an overall prevalence of approximately 46% [11,12].
Myofascial pain could cause limitations in the activities
of daily living with negative consequences in terms of
mental well-being, work performance, and quality of
life [13,14].

The treatment of muscle-related pain in TMD com-
monly consisted of occlusal splint devices [15,16], be-
havioral therapies [17], and other conservative non-
pharmacological approaches such as manual ther-
apy [18], acupuncture [19], laser therapy [20], transcu-
taneous electrical nerve stimulation (TENS) [21], and
dry needling [22]. Conservative and physical therapies
are recommended for the initial treatment of TMD, as
they are considered effective in reducing painful symp-
toms and bringing comfort to the patient [23,24]. Over
the years, several systematic reviews have investigated
the efficacy of different therapies for muscle-related
pain in TMD [21,25-29]. However, data resulted to be
limited for specific techniques and not reproducible due
to the lack of homogeneity in TMD classification, the
combination of different therapies, and the absence of a
placebo or sham treatment control group.

Thus, to the best of our knowledge, there is a lack
of systematic reviews that have properly investigated
the efficacy of conservative approaches in reducing
muscle-related pain in TMD patients, comparing them
to placebo or sham treatment. In this scenario, the treat-
ment remains challenging for the multifactorial etiol-
ogy, despite the wide number of therapeutic strategies.

Therefore, by means of the present systematic re-
view and meta-analysis of randomized controlled trials
(RCTs), we aimed to evaluate the efficacy of rehabil-
itative interventions in reducing pain in patients with
muscle-related TMD.

2. Methods
2.1. Search strategy

A Technical Expert Panel was established by 10
physicians (4 specialists in physical and rehabilitative
medicine and 6 dentists) to propose a multidisciplinary
approach for TMD patients. This panel defined the aim
of this systematic review and proposed the search strat-
egy.

PubMed, Scopus, and Web of Science databases were
systematically searched for articles published from in-
ception until April 28", 2021, according to each spe-
cific thesaurus, following the strategy described by Ta-
ble 1. In addition, we conducted a manual search of the
references of previous systematic reviews on the same
topic.

This systematic review with meta-analysis was con-
ducted according to the guidance of Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
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Search strategy

PubMed

(“temporomandibular disorders”) AND (“myofascial pain” OR “pain” OR “painful”’) AND (“physiotherapy” OR “physical therapy” OR
“electrical stimulation” OR “shock wave” OR “laser” OR “laser therapy” OR “splints” OR “acupuncture” OR “needling”)

Scopus

TITLE-ABS-KEY (((“temporomandibular disorders”) AND (“myofascial pain” OR “pain” OR “painful”’) AND (“physiotherapy” OR “physical
therapy” OR “electrical stimulation” OR “shock wave” OR “laser” OR “laser therapy” OR “splints” OR “acupuncture” OR “needling”)))

Web of Science

((“temporomandibular disorders””) AND (“myofascial pain” OR “pain” OR “painful”) AND (“physiotherapy” OR “physical therapy” OR
“electrical stimulation” OR “shock wave” OR “laser” OR “laser therapy” OR “splints” OR “acupuncture” OR “needling”))

(PRISMA) guidelines [30] and the Cochrane Hand-
book for Systematic Reviews of Interventions [31].
The Institutional Review Board of the University of
Eastern Piedmont approved the work (protocol num-
ber CE61/10,prot.392). The systematic review protocol
was registered on the International Prospective Register
of Systematic Reviews (PROSPERO) under number
CRD42021251904.

2.2. Eligibility criteria

All RCTs were assessed for eligibility according to
the following patient/population, intervention, compar-
ison, and outcomes (PICO) model:

P) Participants consisted of patients diagnosed
with pain in muscle-related TMD with or with-
out limitation of mouth opening according to the
DC/TMD [9];

I) Intervention consisted of rehabilitative approa-
ches aimed at pain reduction (e.g. physical therapy,
TENS, laser therapy, occlusal splints, dry needling
of trigger points, acupuncture, percutaneous needle
electrolysis (PNE), ozone therapy, extracorporeal
shockwave therapy (ESWT);

C) Comparison consisted of placebo or sham treat-
ments;

0O) Outcome measures consisted of pain intensity,
using the visual analogue scale (VAS) [32] or the
numerical rating scale (NRS) [33].

Two reviewers independently screened all potential
articles for eligibility after duplication removal. Any
disagreement were resolved through discussion or, if
necessary, consultation with a third reviewer.

Only RCTs with a placebo or sham treatment control
group, providing data at the end of the intervention
(after 1 week later) were included.

The exclusion criteria were: children or adolescents
during growth, patients with disc displacement, TMJ
disorders, fibromyalgia, headache/migraine, pharmaco-
logical treatments as interventions, local pressure pain

as assessment, cross-over study design, language dif-
ferent from English, full-text unavailability (i.e. posters
and conference abstracts), and studies involving ani-
mals.

2.3. Data extraction

Two reviewers independently extracted data from the
included studies using a customized data extraction on
a Microsoft Excel sheet. In case of disagreement, the
consensus was achieved through a third reviewer.

The following data were extracted: first author, pub-
lication year, nationality, age of study participants, type
of rehabilitative approach as an intervention, type of
control (placebo or sham treatment), population and
the number of patients included, pain intensity as an
outcome measure, and main findings.

2.4. Data synthesis

The papers were synthesized describing extracted
data. Study quality of the RCTs was independently as-
sessed by two reviewers according to the Physiotherapy
Evidence Database (PEDro) scale [34]. In case of dis-
agreement, a third reviewer was asked to achieve a con-
sensus. The included studies were classified as excel-
lent (9-10 points), good (6-8 points), fair (4-5 points),
or poor (< 4 points). Additionally, the risk of bias in
RCTs was assessed by two reviewers using the Version
2 of the Cochrane risk-of-bias tool for randomized trials
(RoB 2) [35]. Any disagreements were discussed until
a consensus was reached with a third reviewer.

2.5. Statistical analysis

Statistical analysis was performed on Stata 15.0
(Stata, College Station, TX, USA) and Review Manager
RevMan (5.3.2 Version, Cochrane Collaboration). The
heterogeneity among the comparisons was estimated by
the Chi-squared and 12 tests. An 12 > 50% determined
significant heterogeneity across the articles. The mean
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Fig. 1. PRISMA flow diagram.

difference as an effect size (ES) measure and a random-
effects model was applied to determine the pooled es-
timates with 95% confidence intervals (95% CI). Ap-
plying the method introduced by Hozo et al. [36] we
estimated missing means and standard deviations (SDs)
from medians, ranges, and interquartile ranges [IQRs].
A pairwise meta-analysis was performed to evaluate
the overall effect of the rehabilitative techniques in
pain relief compared to placebo/sham in muscle-related
TMD patients. Then, a subgroup analysis by type of
intervention was performed to investigate the source of
heterogeneity. Publication bias were assessed using a
contour-enhanced funnel plot of ES against its standard
eITor.

3. Results
3.1. Study characteristics

At the end of the search, 2836 studies were identified.
Then, we also included 25 additional records identi-
fied through the manual search. After the removal of
duplicates, 1997 were considered suitable for title and
abstract screening, and 1808 papers were excluded af-
ter title and abstract screening, according to the PICO

Table 2
Reasons for article exclusion by the present systematic review

Articles excluded after title and abstract screening phase
(n = 1808)*

Not population of interest 151 (8.4%)
Not intervention of interest 726 (40.2%)
Not comparison of interest 30 (1.7%)
Not outcome of interest 45 (2.5%)
Study design different from RCTs 1201 (66.4%)
Language different than English 25 (1.4%)
Articles excluded after full-text screening phase (n. = 173)
Not population of interest 75 (43.4%)
Not intervention of interest 18 (10.4%)
Not comparison of interest 36 (20.8%)
Not outcome of interest 30 (17.3%)
Study design different from RCTs 1 (0.6%)
Full-text unavailability 11 (6.4%)

The exclusion of the articles followed the PICO model defined in the
Methods Section. Data are expressed as counts (percentages). * =
Papers were excluded also for more than one reason during the title
and abstract screening phase.

model (see Table 2 for further details).

Therefore, 16 RCTs [37-52] were included in this
systematic review, as depicted by the PRISMA flow
diagram in Fig. 1. The main characteristics of these
studies are described in detail in Table 3. The included
studies [37-52] have been published in the last 18 years
(from 2002 to 2020).
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Out of 663 subjects analyzed, 357 underwent a reha-
bilitative approach and 306 were included in the con-
trol groups (sham therapy, placebo, or control). Study
cohorts of the RCTs included ranged from 18 [51]
to 66 [39] patients, with a mean age ranging from
23.4 years [47] sto 46.6 years [38]. Concerning the
follow-up evaluations, one RCTs performed a follow-
up at 48 hours from last session [49], four studies af-
ter 4 weeks from last session [37,39,50,52], two at
12 weeks [40,52], one at 6 and 10 weeks [44], one at
15 and 25 weeks [48]. The duration of the rehabilita-
tive approach was heterogeneous, varying from 1 ses-
sion [49,51] to 70 sessions [48]. Six RCTs [37-42]
investigated the effectiveness of laser therapy, 2 dry
needling for trigger points [43,44], 2 physical ther-
apy [45,46], 1 diacutaneous fibrolysis [47], 1 PNE [44],
2 TENS [48,49], 2 acupuncture [50,51], and 1 oxygen-
ozone therapy [52]. Table 3 summarizes the main char-
acteristics of all the RCTs included in the present sys-
tematic review.

3.2. Laser therapy

Six RCTs [37-42] have evaluated laser therapy as
an intervention, comparing it with sham treatment in
TMD patients. Cetiner et al. [37] showed a significant
reduction of pain intensity (p < 0.05) immediately
after and 1 month after treatment. Da Cunha et al. [38]
showed a significant improvement in 100 mm VAS
in laser group after therapy (6.87 & 2.12 vs 3.62 £+
2.45; p < 0.05), but no significant difference was found
between groups (control: 6.60 &= 2.57 vs 4.67 £ 1.90;
p > 0.05). Magri et al. [39] reported a decrease in pain
intensity in 10 cm VAS (p < 0.05) for both groups (laser
and sham laser) when they compared the last session
of treatment with the baseline, with similar results at
30 days after the treatment completion (p < 0.05), but
no between-group analysis was performed. Monteiro
et al. [40] showed a significant improvement in pain
intensity only in the laser group (NRS: 4.59 + 2.36 vs
0.63 £ 0.36; p < 0.001). Moreover, the between-group
analysis showed a statistically difference (p < 0.001)
in favor of laser group at the end of treatment. Roligh
et al. [41] reported a significant difference in terms of
VAS in the laser therapy group (p < 0.05), but not in
control group (p > 0.05). Lastly, Sancakli et al. [42]
showed that laser therapy was significantly effective
(p < 0.005) in reducing pain. However, the authors did
not perform a between-group analysis.

3.3. Dry needling

Two studies [43,44] investigated the efficacy of dry
needling vs sham needling procedure. Diragoglu et
al. [43] reported a statistically significant decrease in
10 cm VAS score in the study group after treatment
(6.32 £ 1.54 vs 3.88 £ 1.69; p < 0.001) but no sig-
nificant between-group differences were found (p =
0.478). In 2018, Lopez-Martos et al. [44] compared the
efficacy of dry needling vs sham dry needling. A signif-
icant improvement in 10 cm VAS was found in all time-
points (6 [5=7] vs 5 [3.5-5] vs 3[2—4] vs 2 [2-3.5];p <
0.001). Differences between the dry needling group and
the sham dry needling group were found only at day 70
(p = 0.010).

3.4. Percutaneous needle electrolysis

Lopez-Martos et al. [44] compared PNE with sham
needle procedure (SNP), showing a statistically signif-
icant reduction in pain in 10 cm VAS at rest from day
0 to day 70 (6 [5-6.75] vs 1.5 [0.2—4] vs 1.25 [0-3] vs
1.5 [0-2]; p < 0.001). This difference was first evident
on day 28 (p < 0.0001). Considering the intra-group
analysis, differences between the PNE and SNP groups
were found for all times of follow-up (SNP: 5 [3-7];
p =0.002; 5 [4-7]; p = 0.001; 5 [3-6]; p < 0.001).

3.5. Physical therapy

The physical therapy plays a key role in patients
with TMD and other facial diseases [45,46,53]. More
in detail, two studies [45,46] investigated the effects of
physical therapy in TMD. Barbosa et al. [45] in 2019
compared the effects of an 8-week protocol of local
endurance exercises of the masticatory muscles with
the placebo group. The within-group comparisons for
100 mm VAS,showed a progressive decrease on per-
ceived pain in intervention group between the baseline
and 8 weeks (3.7 [2.2] vs 1.1 [1.3]; p = 0.003), and
between the 4 and 8-week assessments (2.6 [2] vs 1.1
[1.3]; p = 0.001). The between-group pairwise compar-
isons showed differences for the VAS at 8-week (p =
0.01). Craane et al. [46] investigated the effect of phys-
ical therapy versus only behavioral oral education on
pain, assessed through 100 mm VAS. The intervention
group improved significantly over time for VAS pain
intensity (45.9 + 11.0; 25.7 £ 19.7; 21.9 4+ 18.0; 16.5
+16.7; 12.9 + 13.4; 9.3 £ 14.6; p < 0.001). No sig-
nificant differences (p = 0.871) were found in terms of
time-treatment interaction.
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Fig. 2. Risk of bias assessment, using the Quality Assessment of Diagnostic Accuracy Studies 2.

3.6. Diacutaneous fibrolysis

In 2020, Leite et al. [47] evaluated the effects of the
4-week diacutaneous fibrolysis (DF) protocol compared
with a sham treatment. The intervention group showed
a significant improvement in VAS both at the end of
treatment (3.9 [0.7-8.2] vs 0.6 [0-2.3]: p = 0.0001)
and compared to sham group (p = 0.02).

3.7. TENS

Two studies [48,49] investigated the efficacy of
TENS in TMD. In 2016, De Giorgi et al. [48] investi-
gated the efficacy of TENS in reducing pain in terms
of 100 mm VAS in TMD patients, revealing a decreas-

ing tendency in a 25-week period (p < 0.05). On other
hand, no differences were detected in between anal-
ysis (p > 0.05). Ferreira et al. [49] found significant
decrease in VAS values at the end and after 48 hours
only in TENS group (p < 0.05). At the same time, no
between-group difference was found in the VAS values
at any assessment time (p > 0.05).

3.8. Acupuncture

In a recent study, De Selles-Neto et al. [SO] compared
acupuncture based on the principles of the Traditional
Chinese Medicine to a sham acupuncture. The study
group showed a pain reduction in terms of VAS (6.5 [3—
10] vs 2.5 [0-7] vs 1 [0-9]; p = 0.001). The between-
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
2.1.1 Laser
Cetiner et al., [37] 525 25 24 097 26 15  6.5% 4.28 [2.63, 5.93] 2006
Da Cunha et al., [38] 325 291 20 1.92 293 20 6.0% 1.33[-0.48, 3.14] 2008 N
Rohlig et al., [41] 0.7 1.34 20 04 12 20 9.6% 0.30 [-0.49, 1.09] 2010 T
Sancakli etal., [42] 14 09 10 0.7 177 15  87% 2.10[1.04,3.16] 2015 -
Magni et al., [39] 27 212 31 27 38 30 6.9% 0.00 [-1.55, 1.55] 2017 I
Monteiro et al., [40] 397 24 22 04 35 20 6.0% 3.57 [1.74,5.40] 2020 — s
Subtotal (95% CI) 127 120 43.7% 1.86 [0.53, 3.18] P
Heterogeneity: Tau? = 2.19; Chi? = 29.35, df = 5 (P < 0.0001); I> = 83%
Test for overall effect: Z = 2.74 (P = 0.006)
2.1.2 Acupuncture
Goddard et al., [51] 29 36 10 16 27 8 35% 1.30 [-1.61, 4.21] 2016 S
de Selles Neto et al., [50] 33 67 16 23 67 16  1.7% 1.00 [-3.64, 5.64] 2020
Subtotal (95% CI) 26 24 5.2% 1.22 [1.25, 3.68] e

Heterogeneity: Tau? = 0.00; Chi?=0.01, df =1 (P =0.91); P =0%
Test for overall effect: Z = 0.97 (P = 0.33)

2.1.3 Dry needling

Diracoglu et al., [42] 244 17 25 188 1.2 25 9.5%
Lopes Martos et al., [48] (a) 1 19 20 0.5 4 20 5.6%
Subtotal (95% CI) 45 45 15.2%

Heterogeneity: Tau? = 0.00; Chi* = 0.00, df = 1 (P = 0.96); I> = 0%
Test for overall effect: Z = 1.44 (P = 0.15)

2.1.4 Physical Therapy

Craane et al., [46] 24 21 26 24 27 27  7.8%
Barbosa et al., [45] 1.1 297 17 13 42 17 4.4%
Subtotal (95% CI) 43 4 121%

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df =1 (P = 0.89); I?=0%
Test for overall effect: Z=0.08 (P = 0.94)

2.1.5 TENS

De Giorgi et al., [48] 1.1 07 34 07 177 15 9.1%
Ferreira et al., [49] 22 74 20 08 841 20 1.6%
Subtotal (95% CI) 54 35 10.7%

Heterogeneity: Tau? = 0.00; Chi? = 0.03, df = 1 (P = 0.87); I?=0%
Test for overall effect: Z = 3.85 (P = 0.0001)

2.1.6 Diacutaneous fibrolysis

Leite et al., [47] 3.16 6.25 20 0.76 86 20 1.7%
Subtotal (95% CI) 20 20 1.7%
Heterogeneity: Not applicable

Test for overall effect: Z=1.01 (P = 0.31)

2.1.7 Percutaneous needle electrolysis

Lopes Martos et al., [48] (b) 43 33 20 05 4 20 4.8%
Subtotal (95% CI) 20 20 4.8%
Heterogeneity: Not applicable

Test for overall effect: Z = 3.28 (P = 0.001)

2.1.8 Ozone therapy

Celakil et al., [52] 42 28 20 25 25 20 6.6%
Subtotal (95% CI) 20 20 6.6%
Heterogeneity: Not applicable

Test for overall effect: Z =2.03 (P = 0.04)

Total (95% Cl) 355 328 100.0%
Heterogeneity: Tau? = 1.00; Chi? = 44.55, df = 16 (P = 0.0002); I> = 64%

Test for overall effect: Z = 4.30 (P < 0.0001)

Test for subaroup differences: Chi? = 15.49, df =7 (P = 0.03), I* = 54.8%

0.56 [-0.26, 1.38] 2012 —
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Fig. 3. Pairwise forest plot illustrating the comparison between the rehabilitative interventions versus placebo/sham therapy through a meta-analysis.

group analysis did not show any statistically significant
difference at the baseline and at any time-point (p =
0.284). Furthermore, Goddard et al. [51] affirmed that
the acupuncture group had a significant improvement in
mean VAS (p < 0.001), albeit there were no significant
differences between study and control groups (p =
0.255).

3.9. Ozone therapy

Oxygen-ozone therapy is an innovative technique
whose application has considerably increased in the
field of musculoskeletal pain [54,55]. To date, there is
only one RCT [52] that compared the effects of ozone
therapy versus a sham treatment in terms of pain re-
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Fig. 4. Begg’s funnel plot analysis of publishing bias in the studies included in the present systematic review.

duction in patients with a muscle-related TMD. In this
study, Celakil et al. [52] showed that VAS significantly
decreased over time in the ozone group (p = 0.001) and
this effect differed between groups in favor of the study
group (p = 0.030).

3.10. Quality assessment and risk of bias

According to the above-mentioned PEDro scale [34],
the quality of the studies was classified as good-quality
in twelve RCTs (75.0%) [40,41,43-51], and as fair-
quality in four RCTs (35.0%) [37-39,42] (the quality
scoring for each assessment criteria is shown in detail
in Table 4).

Using the RoB 2 [35], the risk of bias among the
RCTs analyzed was estimated (see Fig. 2). Regarding
the selection bias, 14 studies (87.5%) ensured a cor-
rect randomization. Five RCTs (31%) excluded perfor-
mance bias. On the other hand, 12 studies (75%) pro-
vided guarantees on blinding of outcome assessment
and 11 studies (69%) adequately assessed the attrition
bias.

3.11. Pairwise meta-analysis

A pairwise meta-analysis was performed to highlight
the efficacy of rehabilitative approaches aimed at re-

ducing myofascial pain (measured by VAS or NRS)
in TMD patients. The meta-analysis showed that all
these rehabilitative approaches had an overall ES of
1.44 ([0.8-2.1], p < 0.0001) in decreasing myofascial
pain in term of VAS in patients with TMD. However,
there was a significant heterogeneity among the studies
(I2 = 64%, p < 0.0002) and a random effects model
was adopted. In the subgroup analysis, a significant ES
was observed in laser therapy (ES = 1.86 [0.5-3.1],
p = 0.0001), TENS (ES = 1.80 [0.9-2.7], p = 0.0001),
PNE (ES = 3.80 [1.53-6.07], p = 0.001), and ozone
therapy (ES = 1.7 [0.05-3.35], p = 0.04) compared to
placebo or sham therapy (see Fig. 3 for further details).
Moreover, Begg’s Funnel Plot Analysis of publishing
bias reported qualitatively symmetry in the RCTs in-
cluded in this systematic review with a relatively risk
for three laser therapy trials, as shown by Fig. 4.

4. Discussion

This systematic review and meta-analysis of random-
ized placebo-controlled trials aimed at evaluating the
efficacy of conservative approaches and physical thera-
pies in reducing muscle-related pain in patients affected
by TMD.

All the RCTs included patients with diagnosis of
muscle-related TMD according to the DC/TMD [9],
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excluding patients suffering from joint disorders. My-
ofascial pain in TMD involves a set of multiple clinical
manifestations in which pain and limitation in mouth
opening are prevalent, representing the reasons why
patients seek treatment and assistance. Thus, conserva-
tive, noninvasive and reversible approaches are recom-
mended as initial therapy for painful TMD [33].

The present meta-analysis highlighted that all the
investigated conservative approaches (i.e., laser ther-
apy [37-42], dry needling [43,44], physical ther-
apy [45.,46], diacutaneous fibrolysis [47], PNE [44],
TENS [48,49], acupuncture [50,51], and ozone ther-
apy [52]) had a significant overall ES of 1.44 (p <
0.0001) in decreasing pain in patients with muscle-
related disorders.

More in detail, in the subgroup meta-analysis, a sig-
nificant ES was observed for laser therapy, TENS, PNE,
and ozone therapy compared to placebo or sham ther-
apy in reducing VAS in patients with muscle-related
TMD.

It should be noted that laser therapy was the most
investigated rehabilitative approach (6 RCTs [37-42]),
comparing it to sham treatment in TMD patients, and all
of them showed a significant VAS improvement in laser
group after therapy (ES = 1.86, p = 0.0001). These
findings are in line with the recent systematic review
and meta-analysis by Munguaia et al. [26], showing
a significant reduction in pain intensity measured by
VAS in low-level laser therapy group compared to the
placebo at the end of the treatment.

Da Cunha et al. [38] performed laser therapy with a
830 nm wavelength GaAlAs low level laser. Each area
was irradiated for 20 seconds, once a week for four
consecutive weeks. Magri et al. [39] used a 780 nm
wavelength GaAlAs level laser. Each point was irra-
diated for 10 seconds, twice a week for 4 consecutive
weeks at predetermined points: masseter muscle (three
points: upper, middle, and lower), anterior temporal
muscle (three points: upper, middle, and lower), and
TMIJ region (four points forming a cross and one cen-
tral point). Monteiro et al. [40] performed laser ther-
apy with a 635 nm wavelength diode laser, 20 seconds,
one session per week for four consecutive weeks. Roh-
lig et al. used a 820 nm Diode Laser applying it into
five points: three points of the masseter muscle (su-
perior point, middle point, inferior point), one point
of the temporalis (anterior point) and one point of the
sternocleidomastoid muscle; the treatment consisted of
10 sessions in 3 weeks. Sancakli et al. [42] performed
the treatment using 820 nm wavelength diode laser, 10
seconds, three sessions per week for four consecutive

weeks. It is evident that in all RCTs there is a high het-
erogeneity in the intervention protocols with laser ther-
apy, which probably affects its use in common clinical
practice.

The PNE resulted to have a significant ES = 3.80
(p = 0.001) in the only RCT [44] that compared PNE
with sham needle procedure, showing a statistically sig-
nificant reduction in pain. The puncture needles were
applied on the trigger points of the masticatory mus-
cles and were connected to an electrosurgical device;
the electrotherapy equipment produced a continuous
galvanic current of 2 mA for 3 seconds, three times
through the cathode. Treatment was performed once a
week for three consecutive weeks.

Furthermore, a recent RCT [48], which investigated
the efficacy of TENS in reducing pain in terms of
100 mm VAS in TMD patients, showed a decreasing
trend over a 25-week period (ES = 3.80; p = 0.0001).
In this paper, De Giorgi et al. proposed a TENS protocol
based on a pulse frequency of 50 Hz, a pulse duration
of 50 ps and a treatment duration of 60 min/day for
10 weeks. The electrodes were applied on the trapezius
muscle, on the line between the acromion and the spine
on vertebra C7, on the masseter muscle, the electrode
was placed on the muscular belly on the line between
the gonial angle and cantus, at 1 cm above the gonial
angle. Also, Ferreira et al. [49] performed TENS for
muscle-related TMD applying the electrodes on both
masseter muscle and temporalis muscle; they showed
significant differences in pain intensity in the study
group at the last session of treatment and at follow-up
(p < 0.05).

Our findings are in line with a recent systematic re-
view by Fertout et al. [21], evaluated the effects of
TENS in the management of TMD, and concluding
that TENS was an effective nondrug-based conservative
therapy. Aware of having included studies analyzing
both articular and muscular TMD patients, authors con-
cluded that further studies were necessary to establish
an appropriate protocol for each type of disorder.

In this systematic review, only two RCTs [45,46],
investigating the efficacy of physical therapy on pain re-
duction in muscle-related TMD patients, were included.
However, the heterogeneity in terms of protocols in the
relevant studies is an important concern, such as the ad-
herence to the exercises might be confounding factors
to explain the lack of efficacy reported by this meta-
analysis. In this context, Herrera-Valencia et al. [28]
have recently evaluated the medium- and long-term ef-
ficacy of manual therapy on pain by a systematic review
with meta-analysis. The authors concluded that manual
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therapy was effective for TMD in the medium-term,
albeit the effects decreased over time.

Regarding the occlusal splints, high-quality RCTs
still are needed to draw some conclusions. Due to the
difficulty in designing a study with a sham or placebo
treatment for splints, existing studies usually compare
splints with another kind of therapy such as educa-
tion [16] or compare two different splints [15].

We are aware that this systematic review with meta-
analysis has some limitations. First, only RCTs com-
paring rehabilitative approaches with a placebo or sham
treatment control groups were included in this review,
thus excluding RCTs comparing two different interven-
tions without a control group. Furthermore, it should
be noted that we included only patients with muscle-
related TMD, according to the DC/TMD [9], excluding
subjects with temporomandibular joint dysfunctions,
diagnosis of TMD related to headache or migraine [56].
Studies including pharmacological therapies were not
considered. Lastly, the number of total subjects in each
treatment modality is still small to draw strong conclu-
sions.

5. Conclusions

Taken together, findings of this systematic review
with meta-analysis suggested that rehabilitative ap-
proaches (in particular laser therapy) might be con-
sidered as effective in reducing pain in muscle-related
TMD patients. However, the relatively low number of
RCTs evaluating conservative approaches for treatment
of muscle-related TMD calls for caution in the interpre-
tation of these results. Therefore, further high-quality
studies are warranted to obtain a scientific consensus
regarding the best rehabilitative approach for pain relief
in patients with muscle-related TMD.
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