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ABSTRACT
Purpose: The aim of this systematic review was to evaluate the effectiveness of conservative different
therapeutic modalities for temporomandibular disorders (TMD) pain.
Materials and methods: An electronic systematic search was conducted in the MEDLINE (PubMed)
database to identify the randomized clinical trials (RCTs) published between 2001 and 2021. The fol-
lowing, simple or multiple conjunctions, search keywords were selected: TMD pain, TMD management
or conservative treatment or treatment strategies and TMD pain, therapeutic modalities or interven-
tions and TMD. Studies included must have patients older than 18 years, with painful TMD, which
diagnosis was performed by Research Diagnostic Criteria for TMD or Diagnostic Criteria for TMD.
Outcome variables were pain relief and post treatment pain intensity reduction. Data were analysed
with non-parametric tests and the level of significance was set at p<.05.
Results: Out of 1599 articles obtained, 28 RCTs fulfilled all selection criteria and were included. The
results of this study show that there was a significant decrease in short-term post-treatment TMD pain
with the use of occlusal splint alone or in combination with other therapeutic modalities when com-
pared with the control group. Statistically significant differences were also detected between laser and
photobiomodulation group and the control, in short-term treatment TMD-related pain.
Conclusions: The primary findings of the present systematic review showed that the occlusal splint
alone or combined with other therapeutic intervention presented positive effect on short-term TMD
pain reduction. Secondary outcome suggests that laser and photobiomodulation therapy had, also, a
significant role in short term pain relief.
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Introduction

The term temporomandibular disorders (TMD) has been
defined ‘as a collective term involving a number of musculo-
skeletal and neuromuscular conditions related to the masti-
catory muscles, the temporomandibular joints (TMJs) and
associated structures or both’ [1]. It has been reported that
the prevalence of TMD in children and adolescents varied
widely from 7.3% to 30.4% and the most common TMD diag-
nosis was myofascial pain [2]. In addition, the most frequent
presenting symptom of TMDs is pain, usually located or
referred in the jaw muscles, the forehead, the TMJs, the pre-
auricular area and the cervical region of spine or shoul-
der [3,4].

The aetiology of TMD has been shown to be multifactorial
and several risk factors appear to initiate, predispose or pro-
long TMD-pain [3,5]. Based on a biopsychosocial framework
that is valid for muscuskeletal disorders, aetiology of TMD
involves structural, neurobiological, trauma, psychosocial fac-
tors and parafunctions [6–8]. Although sleep bruxism (SB)
and parafunctional activities are generally believed to con-
tribute to the development of TMD pain complaints,

increasing evidence suggests that the occurrence of TMD
pain is not related to the intensity of SB [9]. However, it is
reported that highly stressing conditions like pandemic
Covid 19 could be related with bruxism and painful TMD
symptoms [10].

Recently, new approaches concerning TMD aetiology were
presented. It is supported that TMD aetiology should be
investigated in the field of molecular biology and genes [11].
Smith et al. [11] reported that the genetic factors present a
great role at chronic and persistent pain conditions, by mod-
ulating nociceptive sensitivity, inflammation and autonomic
response. Furthermore, Slade et al. [12] investigated several
genes and supported their correlation with TMD painful
symptoms, identifying them only at patients with such symp-
toms. The investigation of genetic etiologic factor opens a
new therapeutic window for TMD.

Consequently, due to the multiplicity of aetiological factors
associated with TMD, several treatment modalities have been
proposed [13]. Different therapeutic options, some conserva-
tive and reversible, other irreversible, have been clinically
used for the management of TMD [8,13,14]. Conservative
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therapeutic modalities that can eliminate the painful symp-
toms in jaw muscles and TMJs may include occlusal splints,
physiotherapy, medications, biofeedback, low-level laser ther-
apy, photobiomodulation, acupuncture, self-care manage-
ment, ultrasound therapy and counselling [13–15]. Systematic
reviews of conducted randomized controlled trials (RCTs)
evaluating the effectiveness of different conservative treat-
ment modalities for TMD pain presented conflicting results
[13,15–17]. It has been reported that biofeedback can be use-
ful in managing the activity of the masticatory muscles, but
there is not sufficient evidence to support its effectiveness in
patients with painful TMD [18]. There is also some evidence
supporting the use of occlusal appliances, jaw exercises, acu-
puncture, behavioural therapy and pharmacotherapy for the
TMD pain relieving [19]. Furthermore, it has been shown that
occlusal splints produced a similar reduction in TMD pain
compared to physiotherapy, pharmacological, behavioural
medicine and acupuncture treatments [16]. Recent studies
did not find sufficient evidence to distinguish the effective-
ness of exercise therapy versus occlusal splints for treating
painful TMD patients [20]. In contrast to these findings, the
placebo effects in alleviating pain have been found to be
responsible from 10% to 75% of TMD pain reduction [17].
Additionally, the results of some studies about the efficacy of
occlusal appliances demonstrated that there is moderate to
very low-quality evidence confirming the effectiveness of
occlusal splint therapy in the TMD management [15,19].
However, all types of occlusal splints provide more effective
therapy for myogenous or/and arthrogenous TMD when com-
pared to no treatment (untreated control patients) and non-
occluding splints use for pain outcome [15].Contradictory
results in the literature about the efficacy of therapeutic
modalities on TMD pain may be attributable to the hetero-
geneity of the patient samples included, differences in
patients’ psychosocial background factors, lack of strict crite-
ria for the diagnosis of TMD and different periods of follow-
up [13,14,19].

It is still unclear which therapeutic modality is the
most effective in providing TMD pain relief and whether
occlusal splint therapy offer additional benefit compared
with other TMD treatment approaches. Treatment effect-
iveness studies are important in dental practice due to
their clinical relevance. Subsequently, the aim of this sys-
tematic review of RCTs was to assess the effectiveness of
conservative different therapeutic modalities in the
TMD pain.

Materials and methods

This systematic review protocol was registered at the International
Prospective Register of Systematic Reviews (PROSPERO) under the
identification number CRD42021252489. The systematic review
was conducted following the guidelines of the Preferred
Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) [21]. An electronic systematic search was conducted by
two independent authors (A.T. and B.S.) in the MEDLINE (PubMed)
database to identify the RCTs published between 2001 and 2021.
The search was limited to the English language. The focussed

question of the search was in a Population, Intervention,
Comparison, Outcome (PICO) format as follows: ‘in patients with
TMDs-related pain, which type or combination of conservative
treatment approach is the most effective as far as pain relief and
post treatment pain intensity reduction are concerned’? The PICO
format justification and Medical Subject Headings (MeSH) terms
are presented in Table 1.

Initially, based on the type of publication, studies such
as reviews, prospective and retrospective studies, case
report, systematic reviews and meta-analysis were excluded
from the search. Mendeley, a reference manager software
program, was used to discard the duplicates files electronic-
ally. Studies were then excluded based on data from titles
and abstract screening. If title and abstract did not provide
sufficient information, the full text was obtained and
assessed for eligibility based on the inclusion/exclusion cri-
teria. With regard to inclusion criteria, RCTs included must
had patients older than 18 years, with painful TMD, which
diagnosis was performed by Research Diagnostic Criteria for
TMD (RDC/TMD) [22] or Diagnostic Criteria for TMD (DC/
TMD) [23] and were using tools and/or scales (visual ana-
logue scale [VAS], numerical rating scale [NRS], characteristic
pain intensity [CPI], pressure pain threshold [PPT]) to assess
TMD pain.

In contrast, data were extracted with the following details:
articles with age of patients younger than 18 years, articles
did not involve painful TMD, articles did not use diagnostic
criteria either RDC/TMD or DC/TMD and papers did not use
any tools and/or scales to assess TMD pain. Any discrepan-
cies during this search strategy were resolved by analysing
the reasons for disagreement by a third author (D.T.), to
achieve a consensus.

The assessment of risk of bias was done independently
by the two authors (A.T. and B.S.) using the Cochrane risk
of bias tool [24] with response options of ‘low risk’, ‘unclear
risk’, ‘high risk’ for following criteria: random sequence gen-
eration, allocation concealment, blinding of participants,
incomplete outcome data, selective outcome reporting and
other bias. The potential risk of bias was considered as
‘low’ if a study provided detailed data on all the parame-
ters. A study was considered to have an ‘unclear risk’ if it
failed to provide information on only one of the parame-
ters. Finally, a study was considered to have a ‘high risk’ of
bias when was failing to provide information regarding
�2 parameters.

Table 1. PICO format justification and search terms.

Population Patients with TMD-related pain. The diagnosis had to
be based on the RDC/TMD or DC/TMD protocol.

Intervention Conservative different therapeutic modalities for
TMD-pain

Comparison Compared the effectiveness of the different
conservative TMD-pain treatments

Outcome Pain relief and post-treatment pain
intensity reduction

Study designs Randomized clinical trials (RCTs)
MeshTerms for

PubMed
TMD pain, TMD management OR conservative

treatment OR treatment strategies AND TMD pain,
therapeutic modalities OR treatment interventions
AND TMD

ACTA ODONTOLOGICA SCANDINAVICA 287



Data statistical analysis

Descriptive statistics were used in the initial analysis of the
whole data set. The mean values, standard deviations and
standard error of mean were estimated using data extracted
from the full text of the included articles. Statistical hetero-
geneity was addressed using the chi-square test. The correl-
ation coefficient, the nonparametric Spearman’s rho
coefficient, was calculated in an effort to trace any possible
relation between parameters and methods outcomes.

Nonparametric tests were applied so as to identify incon-
sistencies in distribution between the therapeutic modalities
outcomes under study. The Kruskal–Wallis H test and the
Mann–Whitney U test were used to detect any possible dif-
ferences between therapeutic methods outcomes. The sig-
nificance level was set at p value<.05 throughout the
analysis in order to indicate significant statistical difference
among the therapeutic modalities. All statistical analyses
were carried out with SPSS version 27 statistical software
(IBM, Armonk, NY).

Results

Characteristics of included studies

The study search strategy flowchart diagram is shown in
Figure 1. A total of 1599 records were identified from databases
searches. Only 28 studies succeeded in meeting the inclusion
criteria and were included in the present systematic review. The
different conservative therapeutic modalities (occlusal splint,
biofeedback, cognitive behavioural training, hypnosis, physio-
therapy, low-level laser therapy, photobiomodulation, acupunc-
ture, counselling and Botulinum Toxin A) and the characteristics
of the included studies (authors, year of publication, study
design, therapeutic modality, TMD diagnosis, pain measurement
and sample number) are summarized in Figure 2. Follow-up
periods for the post-treatment pain reduction were divided into
short term (�5 months) and long term (�6 months).

Out of the 28 studies, 1 study used biofeedback [25], 3
studies used cognitive behavioural training [25–27], 3 studies
evaluated Botulinum Toxin A [28–30], 7 studies used the
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Figure 1. Search strategy PRISMA 2020 flowchart diagram. �Consider, if feasible to do so, reporting the number of records identified from each database or regis-
ter searched (rather than the total number across all databases/registers). ��If automation tools were used, indicate how many records were excluded by a human
and how many were excluded by automation tools.
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No. Author/Year Title 
Study 

Design 
Treatment Modality Diagnosis 

Pain 

Measurement 
Sample Number 

1 
Gardea et al,25 

2001 

Long-term efficacy of 

biobehavioral treatment of 

temporomandibular disorders 

RCT 

Biofeedback, 

Cognitive Behavioral 

Training, 

Combined Treatment, 

Control 

RDC/TMD CPI 

Biofeedback Group 

(n=27), 

CBT Group (n=24), 

Combined 

Treatment Group 

(n=29), 

Control Group 

(n=28) 

2 
Dworkin et al,26 

2002 (1) 

A randomized clinical trial using 

research diagnostic criteria for 

temporomandibular disorders-axis 

II to target clinic cases for a tailored 

self-care TMD treatment program 

RCT 

Cognitive Behavioral 

Training, 

Occlusal Splint + Other 

Methods 

RDC/TMD CPI 

CBT Group (n=61), 

Occlusal Splint 

Group (n=63) 

3 
Dworkin et al,27

2002 (2)

A randomized clinical trial of a 

tailored comprehensive care 

treatment program for 

temporomandibular disorders 

RCT 

Cognitive Behavioral 

Training, 

Occlusal Splint + Other 

Methods 

RDC/TMD CPI 

CBT Group (n=59), 

Occlusal Splint 

Group (n=58) 

4 
Nixdorf et al,28

2002

Randomized controlled trial of 

botulinum toxin A for chronic 

myogenous orofacial pain 

RCT 
Botulinum Toxin A, 

Placebo 
RDC/TMD VAS 

BTX-A Group 

(n=15) 

5 
Ekberg et al,31

2003

The efficacy of appliance therapy in 

patients with temporomandibular 

disorders of mainly myogenous 

origin. A randomized, controlled, 

short-term trial 

RCT 
Occlusal Splint, 

Control 
RDC/TMD VAS 

Occlusal Splint 

Group (n=30), 

Control Group 

(n=30) 

6 
Wahlundet al,47

2003

Treatment of temporomandibular 

disorders among adolescents: a 

comparison between occlusal 

appliance, relaxation training, and 

RCT 

Occlusal Splint + Brief 

Information, 

Brief information + 

Relaxation Therapy, 

RDC/TMD VAS 

Occlusal Splint + 

Brief Info Group 

(n=42), 

Brief Info + 

 puorG noitaxaleR noitamrofnI feirB noitamrofni feirb

(n=41) 

Brief Info Group 

(n=39) 

Figure 2. Therapeutic modalities and characteristics of the included studies. RCT: Research Clinical Trial; RDC/TMD: Research Diagnostic Criteria for TMD; DC/TMD:
Diagnostic Criteria for TMD; VAS: visual analogue Scale; NRS: numeric rating scale; CPI: characteristic pain intensity; PPT: pressure pain threshold; CBT: cognitive
behavioural training; BTX-A: botulinum toxin A; NTI Splint: Nociceptive Trigeminal Inhibition Splint.
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7 
Ekberg et al,32 

2004 

Treatment outcome of appliance 

therapy in temporomandibular 

disorder patients with myofascial 

pain after 6 and 12 months 

RCT 
Occlusal Splint, 

Control 
RDC/TMD VAS 

Occlusal Splint 

Group (n=30), 

Control Group 

(n=30) 

8 
Abrahamsen et 

al,45 2009 

Effect of hypnosis on oral function 

and psychological factors in 

temporomandibular disorders 

patients 

RCT 
Hypnosis, 

Control 
RDC/TMD NRS 

Hypnosis Group 

(n=21), 

Control Group 

(n=22) 

9 Li et al,46 2009 

Clinical effect of a topical herbal 

ointment on pain in 

temporomandibular disorders: a 

randomized placebo-controlled trial 

RCT 
Ping On Ointment, 

Placebo 
RDC/TMD VAS 

Ping On Ointment 

Group (n=23), 

Placebo Group 

(n=22) 

10 
Ernberg et al,29 

2011 

Efficacy of botulinum toxin type A 

for treatment of persistent 

myofascial TMD pain: a 

randomized, controlled, double-

blind multicenter study 

RCT 
Botulinum Toxin A, 

Control 
RDC/TMD CPI 

BTX-A Group 

(n=12), 

Control Group (n=9) 

11 
Nilsson et al,33 

2011 

Long-term efficacy of resilient 

appliance therapy in TMD pain 

patients: a randomised, controlled 

trial 

RCT 

Occlusal Splint, 

Control (palatal non 

occluding devise) 

RDC/TMD VAS 

Occlusal Splint 

Group (n=36), 

Control Group 

(n=37) 

12 
Conti et al,34 

2012 

Behavioural changes and occlusal 

splints are effective in the 

management of masticatory 

myofascial pain: a short-term 

evaluation 

RCT 

Occlusal Splint + 

counselling, 

NTI Splint + counselling, 

Control (counselling) 

RDC/TMD VAS, PPT 

Occlusal Splint 

Group (n=21), 

NTI Splint Group 

(n=16), 

Control Group 

(n=14) 

13 
Guarda-Nardini 

et al,30 2012

Myofascial pain of the jaw muscles: 

comparison of short-term 

effectiveness of botulinum toxin 

injections and fascial manipulation 

technique 

RCT 
BotulinumToxin A, 

Fascial Manipulation 
RDC/TMD VAS 

BTX-A Group 

(n=15), 

Fascial Manipulation 

Group (n=15) 

14 
Niemela et al,49

2012

Efficacy of stabilisation splint 

treatment on temporomandibular 

disorders 

RCT 

Occlusal Splint + 

counselling + muscle 

exercise, 

Control (counselling + 

muscle exercise) 

RDC/TMD VAS 

Occlusal Splint 

Group (n=39), 

Control Group 

(n=41) 

Figure 2. Continued.
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15 
Rodrigues et 

al,38 2013

Evaluation of pain, jaw movements, 

and psychosocial factors in elderly 

individuals with 

temporomandibular disorder under 

laser phototherapy 

RCT Laser Phototherapy RDC/TMD VAS 
Laser Phototherapy 

Group (n=10) 

16 
Shedden Mora 

et al,52 2013 

Biofeedback-based cognitive-

behavioral treatment compared with 

occlusal splint for 

temporomandibular disorder: a 

randomized controlled trial 

RCT 

Occlusal Splint, 

Biofeedback + Cognitive 

Behavioral Training 

RDC/TMD CPI 

Occlusal Splint 

Group (n=29), 

Biofeedback + CBT 

Group (n=29) 

17 
Demirkol et 

al,35 2013 

Effectiveness of occlusal splints 

and low-level laser therapy on 

myofascial pain 

RCT 

Occlusal Splint, 

 Low Level Laser 

Therapy, 

Control 

RDC/TMD VAS 

Occlusal Splint 

Group (n=10), 

Low Level Laser 

Therapy Group 

(n=10), 

Control Group 

(n=10) 

18 
Katyayan et 

al,50 2014 

Efficacy of appliance therapy on 

temporomandibular disorder related 

facial pain and mandibular 

mobility: a randomized controlled 

RCT 

Occlusal Splint + 

counselling + muscle 

exercise, 

Control (counselling + 

RDC/TMD VAS 

Occlusal Splint 

Group (n=40), 

Control Group 

(n=40) 

 )esicrexe elcsum yduts

19 
Qvintus et al,39 

2015 

Efficacy of stabilisation splint 

treatment on facial pain - 1-year 

follow-up 

RCT 

Occlusal Splint + 

counselling + muscle 

exercise, 

Control (counselling + 

muscle exercise) 

RDC/TMD VAS 

Occlusal Splint 

Group (n=39), 

Control Group 

(n=41) 

20 
Sancakli et al,51 

2015 

Early results of low-level laser 

application for masticatory muscle 

pain: a double-blind randomized 

clinical study 

RCT 
Laser Therapy, 

Placebo 
RDC/TMD VAS 

Laser Therapy 

Group I (n=10), 

Laser Therapy 

Group II (n=10), 

Placebo Group 

(n=10), 

21 
Wahlund et 

al,36 2015 

Treating temporomandibular 

disorders in adolescents: a 

randomized, controlled, sequential 

RCT 
Occlusal Splint, 

 Relaxation Training 
RDC/TMD NRS 

Occlusal Splint 

Group (n=33), 

Relaxation Training 

Figure 2. Continued.
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occlusal splint as a therapeutic modality [31–37], 5 studies
used Laser therapy [35,38–41] and 2 studies used
Photobiomodulation [42,43]. Additionally, one study investi-
gated acupuncture [44], one study used hypnosis [45], one
study used ping on ointment [46], five studies used counsel-
ling [34,37,41,47,48], four studies used manual or relaxation
therapy [36,37,42,47], nine studies investigated occlusal splint
along with a combination of other methods [26,27,34,

37,39,47–50] and seven studies used a combination of other
methods [25,35,39,42,47,49,50].

Overall, RDC/TMD was used in 27 out of the 28 studies
for the TMD diagnosis whereas DC/TMD was used in only
one [41]. In 20 studies, the pain measurement scale used
was the VAS [28,30–33,35,37–43,46–51], CPI was used in 5
studies [25–27,29,52], NRS was used in 2 studies [36,45] and
in 1 study PPT was used along with VAS [34].

comparison of relaxation training 

and occlusal appliance therapy 

Group (n=31) 

22 
Hasanoglu et 

al,48 2017 

Can an NTI-tss device be effective 

as a first-line therapy in patients 

with TMD myofascial pain? 

RCT 
NTI Splint + counselling, 

Control (counselling) 
RDC/TMD VAS 

NTI Splint Group 

(n=20), 

Control Group 

(n=20) 

23 
Magri et al,40 

2017 

Non-specific effects and clusters of 

women with painful TMD 

responders and non-responders to 

LLLT: double-blind randomized 

clinical trial 

RCT 

Low Level Laser Therapy, 

Placebo, 

No treatment 

RDC/TMD VAS 

Low Level Laser 

Therapy Group 

(n=20), 

Placebo Group 

(n=21), 

Control Group 

(n=23) 

24 
Manfredini et 

al,41 2017 

A comparison trial between three 

treatment modalities for the 

management of myofascial pain of 

RCT 

Laser Therapy, 

Occlusal Splint, 

Counseling 

DC/TMD VAS 

Laser Therapy 

Group (n=10), 

Occlusal Splint 

jaw muscles: A preliminary study Group (n=10), 

Counseling Group 

(n=10), 

25 
Brochado et 

al,42 2018 

Comparative effectiveness of 

photobiomodulation and manual 

therapy alone or combined in TMD 

patients: a randomized clinical trial 

RCT 

Photobiomodulation, 

Manual Therapy, 

Combined Treatment 

RDC/TMD VAS 

Photobiomodulation 

Group (n=18), 

Manual Therapy 

Group (n=16), 

Combined 

Treatment Group 

(n=17) 

26 
Herpich et al,43 

2019 

Intraoral photobiomodulation 

diminishes pain and improves 

functioning in women with 

temporomandibular disorder: a 

randomized, sham-controlled, 

double-blind clinical trial 

RCT 
Photobiomodulation, 

Placebo 
RDC/TMD VAS 

Photobiomodulation 

Group (n=15), 

Placebo Group 

(n=15) 

Figure 2. Continued.
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According to Cochrane risk of bias tool [24], 8 studies
characterized as ‘high risk’, around 4 had ‘unclear risk’ for
selection bias, while 16 assessed as ‘low risk’ for performance
bias. Statistical analysis of the therapeutic modalities out-
comes revealed a statistical significant difference in short-
term post-treatment TMD pain with the use of occlusal splint
alone or in combination with other therapeutic modality
when compared with the control group. The descriptive

statistics indices of the studied therapeutic modalities out-
comes are presented in Figure 3.

Concerning the effectiveness of treatment regarding pain
reduction, occlusal splint group presented statistically signifi-
cant difference compared to other conservative therapeutic
modalities and more specific laser, photobiomodulation and
acupuncture (Table 2). Statistically significant differences
were also detected between laser and photo-modulation

27 
Melo et al,37 

2020 

Conservative therapies to treat pain 

and anxiety associated with 

temporomandibular disorders: a 

randomized clinical trial 

RCT 

Occlusal Splint, 

Occlusal Splint + 

Counseling, 

Counseling, 

Manual Therapy 

RDC/TMD VAS 

Occlusal Splint 

Group (n=24), 

Occlusal Splint + 

Counseling Group 

(n=25), 

Counseling Group 

(n=19), 

Manual Therapy 

Group (n=21) 

28 
Salles-Neto et 

al,44 2020 

Acupuncture for pain, mandibular 

function and oral health-related 

quality of life in patients with 

masticatory myofascial pain: A 

randomised controlled trial 

RCT 
Acupuncture, 

Control 
RDC/TMD VAS 

Acupuncture Group 

(n=16), 

Control Group 

(n=16) 

Figure 2. Continued.

Figure 3. The boxplot showing mean intensity summary statistics of the therapeutic modalities outcomes in short term.

Table 2. Comparisons between therapeutic modalities outcomes in groups.

Therapeutic modalities Test performed p Value

1. Occlusal splint vs. occlusal splint plus other therapy vs. control vs. other therapy Kruskal–Wallis .047
2. Other therapy vs. control Mann–Whitney .011
3. Occlusal splint plus other therapy vs. control Mann–Whitney .019
4. Laser vs. photobiomodulation vs. control Kruskal–Wallis (pairwise comparison) .033
5. Occlusal splint vs. laser Mann–Whitney .035
6. Control vs. laser Mann–Whitney .001
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group and the control group, in short-term post-treatment
TMD pain (Table 2).

Discussion

The complexity of the etiopathogenesis of TMD renders its
diagnosis rather difficult, while therapeutic approach varies
and the recommendation of a ‘gold standard’ concerning
TMD management remains a challenge. As muscle and/or
joints, pain is the main complaint of TMD patients, pain relief
is the most common reason why these patients seek dental
therapy [3,8]. Different conservative and reversible interven-
tions have been suggested for TMD management[53–55]. In
every day clinical practice, conservative therapeutic modal-
ities are used more often to restrict or eliminate painful TMD
symptoms. Occlusal splint, photomodulation, low-level laser,
acupuncture, biofeedback, cognitive behavioural training,
hypnosis, botulinum Toxin A, muscle exercise, medications
and transcutaneous electrical nerve stimulation (TENS) are
some of the proposed appropriate treatment proto-
cols [13,14,53,54].

The main findings of this study regarding the TMD pain
reduction showed that occlusal splint and occlusal splint
combined with other therapeutic intervention have a super-
ior short-term treatment effect, followed by photobiomodula-
tion and low-level laser therapy. The results revealed a
superiority of occlusal splint alone or combined with other
therapeutic intervention when compared to control
(untreated or patients whose treatment was non-invasive
such as counselling and relaxation). Furthermore, the use of
occlusal splint was more effective when compared to the
other TMD treatment modalities. Significant differences were
also detected between low-level laser and photomodulation
group and the control group, in short-term post-treatment
TMD pain.

The results of this study are in accordance with previous
studies comparing the positive outcome of occlusal splints
with that of a control group and with those RCTs studies
that have shown stabilisation splints are more effective than
other TMD treatments [13,31–34]. Occlusal splints, especially
stabilisation splint (also known as the Michigan splint) are
the most recommended therapeutic modality for painful
TMD patients of both myogenous and arthrogenus origin
[13,19,31,32]. Stabilisation splints have been widely used to
protect the teeth from tooth wear, to restore the neuromus-
cular balance and to reduce pain in TMD patients [16,31,56].

On the other hand, the findings of this study are in con-
trast with those RCTs that have shown stabilisation splint
therapy does not offer any additional benefit compared with
other conservative treatment interventions [37,54].
Furthermore, Fricton [16] found that stabilisation splints were
equally effective in short-term TMD pain reduction compared
to physical and behavioural medicine and acupuncture ther-
apy. Additionally, comparable results concerning pain inten-
sity reduction were reported for occlusal splint therapy and
biofeedback method [55]. Wieckiewicz et al. [14] stated that
the various non-invasive and conservative treatments includ-
ing counselling, exercises, occlusal splint, massage, manual

therapy should be considered as a first choice therapy for
TMD pain because of their low risk of side effects.

Although these clinical studies evaluated the effectiveness
of different treatment approaches, sample sizes, diagnostic
criteria for TMD, degree of pain perception, psychological
factors and experimental therapeutic strategies, duration of
follow-up differ significantly. The variety in these parameters
of the proposed protocols renders their comparison difficult.
Additionally, a key point at these studies was the observation
time. Short-term results may not detect differences concern-
ing the efficacy of conservative treatment modalities. A sys-
tematic review of existed RCTs could provide the evidence to
establish which conservative TMD pain therapeutic modality
is the most effective in short-term follow-up.

The results of this study are in agreement with previous stud-
ies that have shown the effectiveness of photobiomodulation,
low-level laser therapy and occlusal splint in reducing TMD pain
[35,50,51]. Photobiomodulation is a general term, used as an
umbrella including low level laser treatment. Low-level laser
therapy was used in TMDs management, presenting satisfying
results in pain control and function/jaw movement [57].
Although, laser irradiation reported to be effective on pain con-
trol, its effectiveness was under doubt as Herpich et al. [43] sup-
ported that laser treatment group presented comparable results
with laser placebo group. Other conservative treatment modal-
ities such acupuncture, dry needling and substance injection
were also applied for TMD myalgia management [37]. A system-
atic review investigating acupuncture (traditional, trigger point
and laser) provided evidence that their effectiveness in muscle
TMD pain were similar to stabilisation splint [58]. Furthermore, it
has been reported only short-term improvement in TMD muscle
pain. At the same study, the authors reported that acupuncture
effectiveness in muscle pain was comparable to placebo acu-
puncture [58]. Additionally, comparable results concerning pain
intensity and disability were reported for occlusal splint therapy
and biofeedback conservative method [55]. These findings reveal
that in case of application of modern treatment modalities psy-
chological factors play a significant role to the final result.
Although many studies supported the efficacy of different con-
servative treatments (exercises, laser and phototherapy), none of
them was proved to be more beneficial than occlusal splint [59].
Moreover, it is widely supported that the predictable treatment
protocol application could download or even eliminate TMD
painful signs and symptoms [60].

In case of investigations studying the efficacy of occlusal
splint only, there were no placebo group, while in case of
studies comparing different conservative treatment approaches
which including placebo group, statistical significance reported
between occlusal splint group and placebo group. This is a
major difference between occlusal splint group and groups of
non-invasive therapies including laser or acupuncture, indicat-
ing that occlusal splints have the potential to be more effective
in TMD pain management [57].

The painful TMD symptoms were supported to affect
quality of life [61]. Dahlstr€om and Carlsson [61] reported that
there was a controversy concerning TMD impact on oral
health-related quality of life [OHRQoL]. Although some inves-
tigators supported that TMD effect on quality of life was
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greater than that of periodontal, dental [62] or neurologic/
vascular orofacial pain conditions [63,64] others found this
impact to be similar to that of other dental conditions
[63,64]. It seems that pain is rather an unpleasant and annoy-
ing symptom that could compromize the quality of life. The
degree that TMD affect quality of life depends on the sever-
ity and duration of pain and restriction of function [61]. That
is why, controlling the severity of pain or reducing pain
symptoms is crucial in clinical practice and many studies
have been contacted in order to establish the appropriate
protocol for TMD pain management. It has been reported
that the therapeutic protocol should be based on the med-
ical history, the aetiology and the severity of pain symptoms
[65]. Investigators tried to identify markers of pain using
physical examination and questionnaires, in order to open a
new therapeutic window to the clinicians [65]. Detection of
biomarkers associated with painful TMDs based on neural
recordings could allow the prediction of the severity of pain
at TMD patients. Identification of such biomarkers could be
helpful in understanding of TMD pain pattern [66].This find-
ing could be the first step in order to establish combined
effective treatment protocols on TMD painful symptoms, sat-
isfying patients and improving their quality of life. It is sup-
ported that more research is needed before establishing
global interpretations of management efficacy [15,56].

Some limitations of this systematic review should be
addressed. Methodological problems in the majority of studies
that were reviewed complicated definitive conclusions and
point to the need for more well-controlled RCTs with appro-
priate methods. Heterogeneity among the number of studies
concerning the different TMD subgroups was a major draw-
back. The myogenous or arthrogenous TMD sub-groups also
presented heterogeneity rendering difficult the analysis of the
result of the articles included. Additionally, the measurement
of TMD pain influenced by the patient’s subjective experien-
ces and may have introduced bias into this study. Also, due
to the multifactorial aetiology of TMD, the majority of the
patients report psychosocial complications. However, none of
the included studies focussed on other treatment outcomes
such as psychological impairment and depression therapy.

Conclusion

Systematic review of RCTs investigating the effectiveness of
different TMD pain treatment modalities could reveal the
superiority of some therapeutic protocols compared
to others.

Based on the results of this systematic review it could be
concluded that:

� The primary findings of this systematic review showed
that the occlusal splint alone or combined with other
therapeutic modality was the most effective treatment
option for TMD pain reduction in short-term follow-up.

� Secondary outcome suggest that low-level laser and photo-
modulation treatment options had, also, a significant role in
short-term pain relief, despite the fact that their effective-
ness was rank lower than the occlusal splint therapy.

However, the efficacy of the occlusal splint therapy and
other treatment modalities on TMD pain in long-term follow-
up remains to be confirmed.
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