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SUMMARY

Objective. The purpose of this study was to systematically review the literature concerning 
the quality of life of patients with temporomandibular joint disorder. 

Material and methods. Systematic review was performed with the information contained in 
international databases: PubMed and Google Scholar. Keywords and their combinations were 
used to fi nd relevant articles and publications concerning the subject.

Results. A total of 320 publications were initially retrieved. After further examination 12 
articles were selected due to their relevance to inclusion criteria and were included in the sys-
tematic review. The selected 12 articles published between year 2006 and 2016.

Conclusion. In this systematic review it was found that there is a direct correlation be-
tween temporomandibular disorders and lower quality of life. Out of questionnaires used for 
identifi cation of patient satisfaction SF-36 and OHIP-14 were most popular in these studies. 
Statistical analysis of studies mentioned lead us to believe that psychological and physical ail-
ments caused by TMD result in lower quality of life in patients.

Key words: quality of life, temporomandibular joint disorders, temporomandibular dys-
function.

REVIEWS
Stomatologija, Baltic Dental and Maxillofacial Journal, 20: 3-9, 2018

*Faculty of Odontology, Medical Academy, Lithuanian Univer-
sity of Health Sciences, Kaunas Lithuania

Address correspondence to Dovile Bitiniene, Faculty of Odontol-
ogy, Medical Academy, Lithuanian University of Health Sciences, 
A. Lukšos-Daumanto g. 6, Kaunas, Lithuania.
E-mail address: dovilez92@gmail.com

INTRODUCTION

Temporomandibular disorder (TMD) is a gen-
eral term given for an illness involving a series of 
clinical signs and symptoms concerning masticatory 
muscles, temporomandibular joints (TMJ) and as-
sociated structures (1).

Most common TMD signs and symptoms are 
chronic pain, jaw muscle soreness, limited range of 
jaw movement and temporomandibular joint noises 
(2). Majority of pain reported by patients is located 
in masticatory muscles and/or pre-auricular region, 
this can be easily exacerbated by chewing or other 
jaw activity (1). Other symptoms include, but are not 
limited to joint noises, jaw movement asymmetry, 
commonly described as clicking, popping, grating, 
or crepitus (3-5), painless masticatory muscles hy-
pertrophy, muscle fatigue (1), also a wide variety of 
symptoms including headache, bruxism, tenderness 
upon palpation and diffi culty opening the mouth due 

to limited range of movement (3, 4). Our selected 
studies show that the main cause of non-dental 
pain in the orofacial region are musculoskeletal 
conditions related to cervical regions, as well as 
masticatory musculature, while longitudinal studies 
have shown that the progression of pain severity is 
uncommon (6).

Temporomandibular disorders can have a wide 
variety of causes, among which, most common are: 
parafunctional habits, occlusal disharmony, stress, 
anxiety, trauma and microtrauma, mandibular in-
stability, postural imbalance and abnormal physi-
ological conditions (7). Several factors including 
sleep disorders as well as physical, emotional, and 
occlusal stress may inhibit the adaptive capacity of 
the stomatognathic system and make the occurrence 
of the disorder more likely (8). 

Clinical studies agree that chronic medical 
conditions have strong negative effects on patients 
quality of life (9, 10). 

Main objective of this review was to fi nd a 
relation between temporomandibular disorder and 
a decrease in patients quality of life.

Goals of our systematic review:
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Review clinical trials of pa-
tients with TMD on international 
databases to fi nd out about their 
quality of life.

Find out  what  methods 
should be used to determine 
quality of life of patients with 
temporomandibular disorder. 

Determine why TMD is 
causing patients to have a lower 
quality of life.

M A T E R I A L  A N D 
METHODS

A systematic review was 
conducted which relied on infor-
mation contained in international 
databases: National Library of 
Medicine – Medline/PubMed 
and Google Scholar.The review 
was conducted in accordance 
with PRISMA Statement guide-
lines. The articles used for this 
review were found and selected 
on 6th of February, 2016. The 
search was conducted with the 
goal to fi nd clinical trials con-
cerning the relationship between 
quality of life and temporoman-
dibular disorders. The keywords 
and their combinations used 
in our search were: Quality of 
life, Temporomandibular joint 
disorders, Temporomandibular 
dysfunction. A total of two inde-
pendent investigators performed the aforementioned 
searches and study selection. The appropriateness of 
the studies was evaluated by reading and reviewing 
the articles. The following selection criteria were 
applied: full text articles, only clinical trials, arti-
cles in English, adult patients, selected publications 
contains information for the tasks specifi ed criteria. 
Systematic literature reviews and publications 
considering quality of life as a treatment outcome 
(related to intervention) are not included in this 
systematic review. 

A total of 320 publications were initially re-
trieved. Out of total 320 articles, 41 were found by 
using Google Scholar and 279 by using PubMed 
search. Firstly, after initial retrieval, all articles 
that were older than 10 years were removed, leav-
ing 243 that were suitably up to date. Secondly, 
article duplicates and incomplete publications were 

eliminated. The next step of screening involved titles 
and abstract reviewing. At this stage, the following 
exclusion criteria were used: duplicates, clinical 
trials with children, articles not in English, not full 
text articles. This eliminated most of the articles 
retrieved from PubMed due to their titles and con-
tents, leaving 26 articles (7 articles from Google 
Scholar database and 19 articles from PubMed 
database). Out of 26 remaining studies, 12 were 
in full accordance with provided inclusion criteria 
and were included in the systematic review, the 14 
that were excluded were either not clinical trials or 
were related to quality of life after treatment. Due to 
previous removal of articles older than 10 years our 
selected publications were published from 2006 to 
2016. A total of 12 clinical trials are presented and 
discussed in the review. Search strategy is illustrated 
on the fl ow-chart (Figure).

Fig. Search strategy fl ow chart
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RESULTS

Relation between quality of  l i fe  and 
temporomandibular disorders

The 12 clinical trials that were included in this 
review, assessed the quality of life of patients with 
temporomandibular disorders. Three of the selected 
studies have found that there is a direct relation be-
tween temporomandibular disorders and a degrada-
tion of patients quality of life (2, 11, 12), however 
two of the reviewed studies concluded that temporo-

mandibular disorders do not affect the quality of life 
(13, 14). Another three studies found that patients 
with this particular pathology have lower quality of 
life than their control group (4, 15, 16). Finally fi ve 
studies concluded that more severe cases of TMD 
disorder, cause lower quality of life (1-3, 7, 17). 
One of the studies selected pointed out that patients 
with arthralgia, osteoarthritis or osteoarthrosis have 
lower quality of life than patients with myofascial 
pain or disc displacement (3). A brief summary of 
selected study descriptive characteristics can be 
found below (Table).

Research Quality of life 
assessment 
method

Number of patients, 
gender (average age)

Number of patients 
in the control group, 
gender (average age)

Results

Moreno, B. G. D. 
et al. 2009 (15)

SF-36 27 female (30.1±5.8) 18 female (23.4±2.3) Patients‘ with TMD quality of 
life is lower than control group.

Tjakkes, G. H. 
E. et al. 2010 
(3)

SF-36 HADS 95 patients, 
90 female and 5 male 
(40.3±13.1)

– The more severe TMD is, the 
lower quality of life

Kim, T. Y. et al. 
2015 (4)

EQ-5D 17, 198 patients (≥19) – Patients‘ with TMD quality of 
life is lower due to sociode-
mographic and general health 
problems

Roberto, D. et 
al. 2009 (16)

SF-36 146 patients, 
30 male and 116 female 
(35, 2 ±14, 38)

– Patients‘ with TMD quality 
of life is lower in all aspects 
related to pain and depression.

Pereira, T. C. et 
al. 2010 (17)

OHIP-14 
QVV

33 female (25.61) – The more severe TMD is, the 
lower quality of life

Gui, M. S. et al. 
2014 (13)

SF-36 37 female with localized 
pain (24.92±5.0) and 39 
female with widespread 
pain (53.21±9.34)

40 female 
(50.93±12.34)

Temporomandibular disorders 
do not affect the quality of life. 
Patients‘ with TMD quality of 
life in all aspects was the same 
as in control group.

Rovida, T. A. S. 
et al. 2015 (14)

WHO 39 patients, 2 male and 
37 female (38, 7)

– Temporomandibular disorders 
do not affect the quality of life, 
there is no relation between 
temporomandibular disorders 
and quality of life

Lemos, G. A. et 
al. 2015 (1)

OHIP-14 135 patients, 58 male 
and 77 female (18-25)

– The more severe TMD is, the 
lower quality of life

Resende, C. M. 
B. M. d. et al. 
2013 (11)

WHO 60 patients, 53 female 
and 7 male (36, 48)

– There is a relation between 
temporomandibular disorders 
and quality of life

Oliveira, L. K. 
d. et al. 2015 (7)

SF-36 119 female 41 female The more severe TMD is, the 
lower quality of life

Blanco-Agu-
ilera, A. Et al. 
2014 (12)

OHIP-14 407 patients, 365 female 
(42.15 ± 14.63) and 42 
male (41.48 ± 17.28)

– There is a relation between 
temporomandibular disorders 
and quality of life

Miettinen, O. 
2012 (2)

OHIP-14 149 patients, 79 TMD 
patients including 18 
male and 61 female 
(43.5±13.1), 70 not TMD 
patients including 23 male 
and 47 female (25.3±6.5)

– There is a relation between 
temporomandibular disorders 
and quality of life. The more 
severe TMD is, the lower qual-
ity of life

Table. Summary of the study descriptive characteristics of included studies
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Methods for assessment of quality of life
The following questionnaires were used to 

assess mental and physical wellbeing of patients 
with TMD disorder: SF-36 (3, 7, 13, 15, 16), HADS 
(3), EQ-5D (4), OHIP-14 (1, 2, 12, 17), QVV (17), 
WHO (11, 14).

SF-36 – Short Form 36 Medical Outcomes 
Study questionnaire (used in studies (3, 7, 13, 
15, 16)). This self-administrated, general purpose 
questionnaire is composed of 36 questions related 
to patients health (16). It is not targeted towards 
any specifi c age group, disease or treatment group. 
The patient has to rate their wellbeing in 8 scales: 
physical function (10 items), role-physical (4 items), 
bodily pain (2 items), general health status (5 items), 
vitality (4 items), social function (2 items), role-
emotional (3 items), mental health (5 items) and 1 
question comparing evaluation between the current 
health and their wellbeing the previous year, on a 
scale from 0 to 100 (higher score meaning better 
quality of life) (15). Poor average score in any of the 
8 scales can be taken as an indication of problems 
or compromised quality of life (16).

HADS – the Hospital Anxiety and Depression 
Schedule (3) – this questionnaire is used to evaluate 
anxiety and depression. It consists of 14 questions, 
of which odd numbers are used to screen for anxi-
ety (HADS-A) and even numbers for the screening 
of depression (HADS-D). The patient rates himself 
on a scale of 0 to 3 on each of the questions. A total 
score of up to 7 out of 21 in any subscale, indicate 
a normal quality of life, while 8 and higher may 
indicate an onset of anxiety or depression (3).

EQ-5D - EuroQol-5 Dimension (4) – composed 
of 5 segments regarding current health state: mobil-
ity (M), self care (SC), usual activities (UA), pain/
discomfort (PD), and anxiety/depression (AD). The 
EQ-5D evaluation questionnaire is only used to as-
sess quality of life. Patient functionality is rated in 
3 grades (1   no problem; 2   some/moderate problem; 
and 3   extreme problem) (4). 

OHIP-14 – OHIP-short form questionnaire (1, 
2, 12, 17) - questionnaire consists of 14 questions 
aimed at measuring of patients‘ perception of the 
impact their oral conditions have on their quality 
of life. The patient has to rate their wellbeing on a 
5-point scale (never – 0, almost never – 1, some-
times – 2, almost always – 3 and always – 4). Final 
score is obtained by summing obtained values of 
all 14 questions (17). OHIP-14 consists of 7 seg-
ments detailing patients‘ oral health impact on their 
quality of life: functional limitation, physical pain, 
psychological discomfort, physical disability, psy-

chological disability, social disability and handicap. 
These segments are based on conceptual model of 
oral health (2).

QVV – V-RQOL protocol (17) – it is a voice-
related quality of life protocol. The purpose of this 
protocol is to understand how a speech impediment 
can affect person’s daily activities. It displays a list 
of possible voice-related issues, to which the indi-
viduals has to respond on a 5-point scale, depending 
on how their voice was affected during the last two 
weeks (1 – excellent, 2 – very good, 3 – good, 4 – 
reasonable and 5 – bad). Out of 10 questions in this 
protocol, 6 of them are for the physical and func-
tional domain and 4 are meant to evaluate patients‘ 
socio-emotional domain. The full score ranges from 
0 (zero) to 100. The higher the value, the lower the 
quality of life is (17).

WHO – The WHOQOL-BREF – The World 
Health Organization Quality of Life questionnaire 
(11, 14) - the questionnaire consists of 2 general 
questions about the participant’s perception of their 
quality of life and their health and other 24 ques-
tions relating to 4 domains: physical, psychological, 
social relationships and environment. The patient 
has to choose out of three available answers, each 
one rated with a score, depending on the question. 
After all questions have been answered, the result 
is summed and converted into scale of 0 to 100. The 
default scale rating system for severity of the disor-
der is as follows: without TMD (0 to 15 points), mild 
TMD (20 to 45 points), moderate TMD (50 to 65) 
and severe TMD (70-100 points). The scores show 
a profi le of the quality of life of the participants. 
Higher scores directly correlate to lower quality of 
life and general patient health (14).

Reasons which determine lower quality of life 
The most common symptoms observed in 

patients with temporomandibular disorders were: 
chronic pain (3, 4, 7, 12, 15-17); loss of energy (3, 
7, 15, 16); activity restriction (inability) of physical 
ailments and emotional disorders (3, 4, 7, 15-17); 
emotional state (3, 7, 15-17); general health prob-
lems (3, 7, 15, 16); anxiety/depression (2-4, 7, 15-
17); taste changes (12, 18), discomfort when eating 
(12); voice changes (17), absence from work due to 
chronic pain (19). 

The reviewed studies show that 78.13% of 
patients reported feeling tired or having a sore jaw 
upon waking in the morning. This leads to a con-
clusion that poor quality of sleep in TMD patients 
is important problem because physical and mental 
health is related to effective sleep which contributes 
to a good quality of life (19). Some studies noted that 
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diffi culty falling asleep, waking up at dawn and rest-
less or disturbed sleep affected TMD patients (7, 19). 
90.62% of the patients complained about squeaks 
or involuntary clenching of the teeth during sleep. 
Poor quality of sleep caused by stress and chronic 
pain leads to impediment in daily, social and family 
activities, which may result in worse psychological 
status. This both inhibits their ability to work and 
minimizes desire to enjoy their free time (19). 

DISCUSSION

Last few years have seen increasing growth of 
interest in oral-health related quality of life. Oral ail-
ments can have consequences that affect various as-
pects of patients‘ mental and physical wellbeing and 
impair their quality of life (20). The most common 
TMD symptom, chronic pain, often leads to various 
forms of psychological distress like anxiety, stress 
or depression, social impairment, reduced working 
capacity, social costs, physical disability, reduced 
economical income which is caused by extensive 
need of medical services(21). In worst cases this 
can lead to unbearable pain or total incapacitation 
(22). Therefore, it is accepted that quality of life is 
negatively affected by chronic pain (3). Excluding 
physical abnormalities of jaw muscles or teeth and 
joints, emotional stress may also lead most patients 
to require psychological assistance (22). A large 
percentage of patients with TMD have reported to 
have diffi culty falling or staying asleep (15). Sleep 
disruption due to pain is most commonly accented 
and can lead to sleep apnea and insomnia (19). 
Furthermore, pain and stress associated with TMD 
represent a negative infl uence on systemic health 
and quality of life, which compromise daily social 
activities at school or work, social functions, affec-
tive and cognitive equilibrium, sleep and physical 
activities (11).

Although TMD has been mostly observed in 
adults, epidemiological studies have reported signs 
and symptoms of temporomandibular disorders in 
adolescents as well as children (23). The literature 
review conducted did not cater to either gender, but 
it should be noted that the number of female clini-
cal trials was higher. To add to that epidemiological 
studies clearly state that TMD symptoms are more 
commonly observed in women than men (24, 25). 
This may have been caused by more female patients 
with TMD, compared to male, looking for treatment 
for their pain problems (26). In reviewing gender 
differences in relation to quality of life, male pa-
tients appeared to be more affected by TMD than 
female (4). On the other hand, some studies show 

a lower quality of life in women when compared to 
men with TMD (12, 27).

Out of 12 clinical trials reviewed, 10 (1-4, 7, 
11, 12, 15-17) have found a direct relation between 
worse temporomandibular disorder cases and lower 
quality of life and general patient health and only 2 
(13, 14) did not. This leads to a conclusion that tem-
poromandibular disorder is directly correlated with 
worse quality of life. Most commonly used methods 
of assessment were questionnaires SF-36(used in 5 
of the clinical trials) and OHIP-14 (used in 4 of the 
clinical trials).

In summary, it can be reliably concluded that 
TMD negatively impacts patients quality of life, this 
is supported by 83.33% of the reviewed clinical tri-
als. Two trials that did not agree with this conclusion 
(13, 14), had particularly small sample size com-
pared to other clinical trials, this might have been the 
cause of their different fi ndings. A limitation of this 
systematic review could have been caused by large 
female predominance in clinical trials which may 
have hampered the generalizability of the results.

Only one systematic review about TMD patiens 
quality of life was found in international data-
bases. So the results of this systematic review were 
compared to a review about temporomandibular 
disorders and oral health related quality of life, 
performed by Dahlström, L. and Carlsson, G. E. 
in 2010. Clinical trials included in their systematic 
review were performed between years 1989 and 
2009. None of the clinical trials used in 2010 sys-
tematic review were used this review. The systematic 
review performed by Dahlström, L. and Carlsson, 
G. E. showed that a substantial part of patients 
with TMD had their quality of life impacted by the 
disorder. Only about less than 5% of TMD patients 
experienced no signifi cant impact to their quality of 
life. In the clinical trials used by this review, most 
common assessment method used was OHIP-14 
questionnaire, it was used in 7 out of 12 reviewed 
studies. However the review found that gender 
differences were insignifi cant and statistically ir-
relevant in relation to TMD and lower quality of 
life (20). To summarize, both systematic reviews 
found direct correlation between lower quality of 
life and temporomandibular disorder and even after 
6 years TMD remains a big problem due to its large 
infl uence on patients’ quality of life.

However, in the future, further studies for 
assessing other factors that impact quality of life 
(other diseases, social, demographic, psychologi-
cal factors) are needed to establish and validate the 
relationship between low quality of life and tempo-
romandibular disorders.
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CONCLUSIONS

This systematic review shows, that there is a 
direct correlation between worse cases or temporo-
madibular disorder and lower quality of life. Most 
commonly used methods for quality of life assess-
ment of patients with temporomandibular disorder 

were: SF-36 and OHIP-14. All questionnaires are 
equally good in evaluating this topic, but SF-36 
and OHIP-14 are short form questionnaires, which 
are therefore very comfortable to use in everyday 
practice. It can be concluded that psychological and 
physical ailments discussed lead to lower quality of 
life in patients with temporomandibular disorders.
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Abstract

Objective. This randomized clinical trial investigated the effects of adding cervico-mandibular manual therapies into
an exercise and educational program on clinical outcomes in individuals with tinnitus associated with temporoman-
dibular disorders (TMDs). Methods. Sixty-one patients with tinnitus attributed to TMD were randomized into the
physiotherapy and manual therapy group or physiotherapy alone group. All patients received six sessions of physio-
therapy treatment including cranio-cervical and temporomandibular joint (TMJ) exercises, self-massage, and patient
education for a period of one month. Patients allocated to the manual therapy group also received cervico-
mandibular manual therapies targeting the TMJ and cervical and masticatory muscles. Primary outcomes included
TMD pain intensity and tinnitus severity. Secondary outcomes included tinnitus-related handicap (Tinnitus Handicap
Inventory [THI]), TMD-related disability (Craniofacial Pain and Disability Inventory [CF-PDI]), self-rated quality of life
(12-item Short Form Health Survey [SF-12]), depressive symptoms (Beck Depression Inventory [BDI-II]), pressure
pain thresholds (PPTs), and mandibular range of motion. Patients were assessed at baseline, one week, three
months, and six months after intervention by a blinded assessor. Results. The adjusted analyses showed better out-
comes (all, P< 0.001) in the exercise/education plus manual therapy group (large effect sizes) for TMD pain (g 2 P ¼
0.153), tinnitus severity (g 2 P ¼ 0.233), THI (g 2 P ¼ 0.501), CF-PDI (g 2 P ¼ 0.395), BDI-II (g 2 P ¼ 0.194), PPTs (0.363
< g 2 P<0.415), and range of motion (g 2 P ¼ 0.350), but similar changes for the SF-12 (P¼ 0.622, g 2 P ¼ 0.01) as
the exercise/education alone group. Conclusions. This clinical trial found that application of cervico-mandibular man-
ual therapies in combination with exercise and education resulted in better outcomes than application of exercise/
education alone in individuals with tinnitus attributed to TMD.
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Introduction

Temporomandibular disorder (TMD) is an umbrella

term used to describe a myriad of symptoms including

masticatory muscle pain and joint-associated symptoms

(degenerative joint disease and capsulitis) [1]. Pain is the

most common and limiting feature of TMD, but it can be

also accompanied by decreased mobility of the mouth,

headaches, stiffness, or fatigue, all of which impact the

quality of life of patients. It has been reported that

�75% of the general population will experience TMD-

associated symptoms at some point during their life [2].

Köhler et al. [3] found that the prevalence of TMD signs

and number of treatments as a result of TMD pain have

increased during the last decades. In fact, a recent study

observed that orofacial pain and TMD are associated

with a substantial burden and impact on society [4].

Another common associated symptom experienced by

individuals with TMD is tinnitus. Tinnitus or “ringing in

the ears” is described as the subjective perception of

sound without any external stimulation [5]. Tinnitus and

TMD occur most frequently in the fifth decade of life

and are more prevalent in females than in males (fema-

le:male ratio ¼ 3:2) [6]. In fact, it has been reported that

subjects with TMD are more likely to develop tinnitus

than those without TMD [7], and vice versa, people with

tinnitus are also more likely to develop TMD-associated

symptoms [8]. Tinnitus elicited by the somatosensory sys-

tem of the temporomandibular joint (TMJ), the mastica-

tory muscles of the neck, is referred to as “somatic

tinnitus,” which is present in 36–43% of individuals with

subjective tinnitus [5].

Physical therapy can be used for the management of

TMD-associated symptoms and for somatic tinnitus.

Two recent meta-analyses support the use of manual

therapy and exercises for TMD pain symptoms; however,

no consensus exists on which therapeutic approach is the

most effective [9,10]. Similarly, a recent systematic re-

view identified preliminary evidence for physical therapy

in the management of subjective tinnitus, although the

quality of the identified trials was low [11]. This review

included two studies investigating TMJ treatment, for

example, occlusal bite splints or adjustments, laser, and

jaw exercises [11]. Buergers et al. [12] also reported that

patients with TMD-associated tinnitus who received oral

splints and physiotherapy experienced positive outcomes;

however, no control group was included in this study. To

date, no randomized clinical trial has examined the

effects of manual therapies targeting the TMJ and cervi-

cal spine on individuals with TMD and tinnitus.

Therefore, the aim of this clinical trial was to evaluate

the effectiveness of adding specific cervico-mandibular

manual therapies into an exercise and educational pro-

gram on clinical outcomes in people with tinnitus associ-

ated with TMD. We hypothesized that individuals

receiving cervico-mandibular manual therapies in addi-

tion to the exercise and educational program will

experience better outcomes than those who only receive

an exercise and educational program.

Methods

Study Design
A randomized, parallel-group, multicenter clinical trial

was conducted to compare the effects of the inclusion of

cervico-mandibular manual therapies into an exercise

and educational program in patients with tinnitus associ-

ated with TMD. The study design was approved by the

Institutional Review Board of Universidad Complutense

de Madrid, Spain (16/477-E), and the study was prospec-

tively registered (ClinicalTrials.gov: NCT02850055).

This report follows the Consolidated Standards of

Reporting Trials (CONSORT) extension for clinical tri-

als [13].

Participants
Between January 2017 and December 2017, consecutive

patients with tinnitus concomitant with TMD presenting

at to one of three private physiotherapy clinics were

screened for eligibility criteria. The inclusion criteria

were 1) age 18–65 years and 2) diagnosis of tinnitus at-

tributed to TMD; that is, they had to report self-reported

tinnitus symptoms and have a diagnosis of TMD accord-

ing to the Research Diagnostic Criteria for TMD [14].

The following symptoms were assessed using the RDC/

TMD criteria: location of pain, jaw range of motion and

associated joint pain, clicking sounds, and pain upon

muscle and joint palpation. To be considered tinnitus at-

tributed to TMD, an association between both disorders

had to be reported by the patient [15]. Most patients as-

sociated their tinnitus with TMJ use, for example, during

eating.

The exclusion criteria included 1) diagnosis of ear,

nose, and throat medical pathology underlying the tinni-

tus; 2) neurological problems that could potentially cause

the tinnitus; 3) inability to read, understand, and com-

plete the questionnaires or understand and follow com-

mands (e.g., illiteracy, dementia, or blindness); 4)

comorbid fibromyalgia syndrome; 5) had received phys-

iotherapy or other treatment in the head/neck in the last

12 months; or 6) any contraindication to physical therapy

as noted in the patient’s Medical Screening

Questionnaire (i.e., tumor, fracture, rheumatoid arthritis,

osteoporosis, prolonged history of steroid use, etc.). A

detailed medical exam including an ear-nose-throat

(ENT) exam was performed in all participants. All sub-

jects signed an informed consent before participation in

the study.

Randomization and Masking
Once the baseline assessment was completed, patients

were randomly assigned to receive either physical therapy

plus manual therapy or physical therapy alone.
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Concealed allocation was performed by an external re-

searcher not involved in subject recruitment using a

computer-generated randomized table of numbers cre-

ated for each participating site before the beginning of

the study. The group assignment was recorded on an in-

dex card. This card was folded in half, such that the label

with the patient’s group assignment was on the inside of

the fold. The folded index card was then placed inside

the envelope, and the envelope was sealed. A second ther-

apist blinded to the baseline examination findings opened

the envelope and proceeded with treatment according to

the group assignment.

Treatment Interventions
All interventions were applied by a physical therapist

with more than 10 years of experience in the manage-

ment of patients with TMD. Both groups received six

treatment sessions, two sessions the first week and four

weekly sessions to complete the treatment in a month, of

multimodal physiotherapy treatment of 30 minutes’ du-

ration. The intervention included a cranio-cervical and

TMJ exercise program, self-massage of the masticatory

muscles (masseter and temporalis), and patient education

[9,16].

The exercise therapy program consisted of a mixed

approach including mobility, postural education, and

motor control exercises of the TMJ, the tongue, and the

neck; instructions for resting jaw position, head/neck po-

sition, and posture were provided [9]. Patients were

asked to perform the exercises twice per day during the

intervention period. Patients recorded in a diary their ad-

herence to the exercise program during the study period.

Therapeutic patient education included a brief descrip-

tion of the neurophysiological mechanism of pain, active

coping strategies, distraction strategies, changing behav-

iors about pain, and correction of inappropriate behav-

iors of the TMJ, such as tongue parafunctions. All

participants received a self-care book for home.

Patients allocated to the cervico-mandibular manual

therapy group also received manual therapy techniques

focusing on the TMJ and the masticatory and cervical

musculature during the treatment sessions. Participants

received an oscillatory TMJ inferior glide accessory mo-

bilization of mandible distraction intervention (Figure 1)

for 90 seconds. In addition, different manual therapies in-

cluding pressure release, soft tissue mobilization, or longi-

tudinal strokes of the following cranio-cervical

musculature were applied: masseter (Figure 2), temporalis

(Figure 3), sternocleidomastoid (Figure 4), and upper tra-

pezius (Figure 5). These muscles were chosen because their

pain referral is perceived around the TMJ, the ear, or the

orofacial area and can contribute to tinnitus [17–19].

Outcome Measures
All outcomes were assessed at baseline, one week after

the treatment program, and three and six months after

the last treatment session by an assessor blinded to group

allocation.

The primary outcomes were the intensity of TMD

(NPRS) and the severity of the tinnitus, assessed by

Figure 1. Inferior glide accessory mobilization of the temporo-
mandibular joint.

Figure 2. Soft tissue mobilization of the masseter muscle.

Figure 3. Soft tissue mobilization of the temporalis muscle.

Manual Therapy and Exercise for Tinnitus 615

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/21/3/613/5609079 by U
SP/SIBI user on 19 Septem

ber 2023

Deleted Text: prior to
Deleted Text: 6
Deleted Text: 4
Deleted Text: s
Deleted Text:  providing
Deleted Text: or 
Deleted Text: o
Deleted Text: 3 and 6&hx2009;
Deleted Text:  assessing


tinnitus annoyance and tinnitus loudness (VAS). As

patients included in this trial exhibited TMJ pain and tin-

nitus, both symptoms were assessed separately.

Participants rated their intensity of TMD pain at rest on

a numerical pain rating scale (NPRS; 0 ¼ no pain, 10 ¼
maximum pain) [20]. As there has not been an identified

minimum clinically important difference (MCID) for

NPRS in patients with TMD, we set the MCID at a pre-

determined reduction of two points [21] or a change of

30% of the initial score [22]. The visual analog scale

(VAS) was used to assess tinnitus severity (tinnitus an-

noyance and tinnitus loudness). The VAS scale consisted

of a 10-mm line with marked end points with two faces

drawn: a smiling one indicating lack of annoyance/no

perception of tinnitus (painted under the left end point of

a line) and a sad one indicating extreme annoyance or ex-

tremely loud tinnitus (painted under the right end point

of a line) [23]. The use of a VAS for assessing these sub-

jective symptoms of tinnitus has been shown to have

good reliability and validity. The estimated MCID

ranged from 10 to 15 mm [23]. It has been also found

that the combined VAS of both symptoms is more reli-

able than the isolated scales; therefore, in the current

trial, the mean of both VAS scores was used in the main

analysis [23].

Secondary outcomes included tinnitus-related handi-

cap (Tinnitus Handicap Inventory [THI]) [24], TMD-

related disability (Craniofacial Pain and Disability

Inventory [CF-PDI]) [25], general health-related quality

of life (12-item Short Form Health Survey [SF-12]) [26],

depressive symptom (Beck Depression Inventory [BDI-

II]) [27], pressure pain sensitivity (pressure pain thresh-

olds [PPTs]), and mandibular range of motion.

The THI is a self-reported measure assessing the im-

pact that tinnitus has on daily life and consists of 25

items divided into three scales: functional (11 items), cat-

astrophic (five items), and emotional (nine items) [28].

There are three possible answers to each item: “yes”

(four points), “sometimes” (two points), and “no” (0

points). Although each subscale can be scored indepen-

dently, it has been proposed to report a total score (range

¼ 0–100 points) [29]. Fackrell et al. [30] proposed that a

reduction of 20 or more points of the total score of the

THI could be considered a clinically meaningful change.

The CF-PDI is a self-administered questionnaire

designed to determine pain, disability, and functional sta-

tus of the mandibular/craniofacial regions [25]. This

questionnaire consists of 21 items with a total score rang-

ing from 0 to 63 points, where higher values represent

worse functional status. The CF-PDI questionnaire has

good internal consistency, reproducibility, and construct

validity. It has been reported that a score of 7 can be con-

sidered the minimal detectable change for this question-

naire [25].

The 12-item Short Form Health Survey (SF-12) is a ge-

neric health rating short version scale of the SF-36 ques-

tionnaire [26]. This questionnaire includes 12 questions

from the original scales of the SF-36. Response categories

for the items vary from two- to six-point scales, and raw

scores for items range from 1 to 6. After recoding raw

scores for some items, the raw scores are transformed to

provide a total score ranging from 0 (the worst health-

related quality of life) to 100 (the best health-related

quality of life) [26].

Patients completed the BDI-II for reporting their level

of depressive symptoms. The BDI-II is 21-item self-report

questionnaire assessing different aspects of depression,

such as affective, cognitive, and somatic symptoms [27].

The BDI-II is easily adapted in most pain conditions for

detecting depressive symptoms [31].

Pressure pain sensitivity was assessed by determining

pressure pain thresholds (PPT), that is, the minimal

amount of pressure applied on a point for the pressure

sensation to first change to pain [32], bilaterally over the

masseter and temporalis muscles and over the lateral as-

pect of the TMJ (anatomical projection of the lateral

pterygoid muscle). A digital pressure algometer (kg/cm2)

Figure 4. Soft tissue mobilization of the sternocleidomastoid
muscle.

Figure 5. Soft tissue mobilization of the upper trapezius
muscle.
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was used to assess PPTs. All participants were instructed

to press the switch when the sensation first changed

from pressure to pain. The mean of three trials was cal-

culated on each point and used for the main analysis. A

30-second resting period was allowed between each

measure. The reliability of pressure algometry in the

masticatory structures has been found to be high in both

healthy volunteers [33] and in patients with TMD [34].

As no side-to-side differences were observed, the mean

of both sides on each muscle was considered for the

analysis. The order of assessment was randomized be-

tween subjects.

Mandibular range of motion (maximal mouth open-

ing and lateral excursions) was evaluated with a plastic

device permitting the assessment of mouth movements in

millimeters. This procedure has exhibited good intra-

and inter-rater reliability [35]. The minimal detectable

change has been determined to be 6 mm for maximal

mouth opening [36] and 1.8 mm for the rest of mouth

movements [35].

Treatment Side Effects
Patients were asked to report any adverse event that they

experienced during the study. In the current study, an ad-

verse event was defined as sequelae of one week’s dura-

tion with any symptom perceived as distressing and

unacceptable to the patient and that required further

treatment [37].

Sample Size Determination
The sample size was calculated using Ene 3.0 software

(Autonomic University of Barcelona, Barcelona, Spain).

The calculation was based on detecting between-groups

differences of 10 mm on the VAS after treatment, assum-

ing a standard deviation of 12 mm [23], a two-tailed test,

an alpha level (a) of 0.05, and a desired power (b) of

80%. The estimated desired sample size was calculated

to be 25 subjects per group. A dropout rate of 20% was

expected, so 30 participants were included on each group

at baseline.

Patients with tinnitus symptoms screened for 
eligibility criteria (n=88) 

Excluded (n=27): 
Previous treatments (n=10) 

Tinnitus related to neurological problem (n=7)  
Concomitant fibromyalgia (n=7) 

Declined to participate (n=3) 

Baseline Measurements (n=61) 
TMD Pain, tinnitus severity, THI, CF-PDI, SF-12, BDI-II, PPT, range of motion 

Randomized (n=61)

Allocated to exercises + education 
+ manual therapy (n=31)  

Post-intervention (n=31) 

3 months follow-up (n=30) 3 months follow-up (n=31) 

Post-intervention (n=30) 

Allocated to exercises + 
education (n=30)  

6 months follow-up (n=28) 
2 lost follow-up (moving other country) 

6 months follow-up (n=28) 
3 lost follow-up (personal reasons 

and cancer development) 

Figure 6. Flow diagram of patients throughout the course of the study.
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Statistical Analysis
Data were analyzed using the SPSS, version 22.0 (SPSS

Inc, Chicago, IL, USA), program and were conducted

according to the intention-to-treat analysis. Means, stan-

dard deviations, and 95% confidence intervals were cal-

culated for each variable. The Kolmogorov-Smirnov test

revealed a normal distribution of all quantitative data (P
> 0.005). Baseline demographic and clinical variables be-

tween groups were compared using the independent t test

for continuous data and chi-square tests of independence

for categorical data. A 4�2 analysis of covariance

(ANCOVA) with time (before, immediately after, three

months after, and six months after) as the within-subjects

factor, group (exercise/education alone or exercise/educa-

tion plus manual therapy) as the between-subjects factor,

gender and center as covariates, and adjusted for baseline

data was used to examine the effects of interventions on

TMD pain, tinnitus severity, THI, CF-PDI, SF-12, BDI-

II, PPTs, and mandibular range of motion. Separate

ANCOVAs were performed for each outcome. The main

hypothesis of interest was the group * time interaction

with a Bonferroni-corrected alpha of 0.017 (three

moments). The effect size was calculated when the partial

Eta squared (g 2 p) was statistically significant. A Partial

Eta squared of 0.01 was considered small, 0.06 medium,

and 0.14 large [38].

Results

Eighty-eight consecutive subjects with self-reported tinni-

tus symptoms were screened for potential eligibility be-

tween January and December 2017. Sixty-one patients

satisfied all criteria, agreed to participate, and were ran-

domly allocated to exercise and education (N¼ 30) or

exercise and education plus manual therapy (N¼ 31).

The reasons for ineligibility are listed in the flow diagram

of patient recruitment and retention (Figure 6). Baseline

features between groups were similar for all outcomes

(Table 1). None of the subjects receiving exercise and

education with/without cervico-mandibular manual ther-

apy reported any adverse events. In addition, patients

reported an adherence of 97% to the exercise program

during the treatment period.

Primary Pain Outcomes
The ANCOVA revealed significant group time * inter-

actions for TMD pain (F¼ 10.639, P< 0.001, g 2 p ¼
0.153) and tinnitus severity (F¼ 17.878, P< 0.001, g
2 p ¼ 0.233): Patients receiving exercise/education

plus manual therapy exhibited a greater decrease (large

effect sizes) in both outcomes than those receiving ex-

ercise/education alone (Table 2, Figure 7). Gender did

not influence the effect in the main analysis (TMD

pain: F¼ 0.509, P¼ 0.478; tinnitus: F¼ 0.475,

P¼ 0.493).

Tinnitus and TMD-Related Disability Outcomes
The ANCOVA revealed significant group * time inter-

actions for THI (F¼ 39.291, P< 0.001, g 2 p ¼ 0.501)

and CF-PDI (F¼ 18.096, P< 0.001, g 2 p ¼ 0.395):

Subjects receiving exercise/education plus manual ther-

apy exhibited greater improvements (large effect sizes)

in tinnitus and TMD-related disability than those re-

ceiving exercise and education alone (Tables 2 and 3).

Gender did not influence the effect in the main analysis

(THI: F¼ 0.142, P¼ 0.707; CF-PDI: F¼ 0.018,

P¼ 0.895).

Health-Related Quality of Life and Depressive

Symptoms
The results did not reveal a significant group * time inter-

action for health-related quality of life (SF-12: F¼ 0.590,

P¼ 0.622, g 2 p ¼ 0.01): Patients in both groups experi-

enced similar changes (small effect size) in quality of life

(Table 3). A significant group * time interaction for de-

pressive symptoms (BDI-II: F¼ 14.234, P< 0.001, g 2 p

¼ 0.194) was observed: Individuals receiving exercise

and education plus manual therapy exhibited a greater

decrease (large effect size) in depressive symptoms than

those receiving exercise/education alone (Table 3).

Gender did not influence the main effect in the analysis

(SF-12: F¼ 0.586, P¼ 0.447; BDI-II: F¼ 0.469,

P¼ 0.496).

Table 1. Baseline characteristics by treatment assignment

Baseline Variable

Exercise þ
Education
(N¼30)

Exercise þ
Education þ
Manual

Therapy
(N¼31)

Gender (male/female) 13/17 12/19

Age, y 44.0 6 10.5 42.5 6 12.0

Months with tinnitus symptoms 17.1 6 5.0 17.5 6 6.5

Intensity of TMD pain (NPRS, 0–10) 5.2 6 1.7 5.2 6 2.2

Tinnitus severity (VAS, 0–10) 6.7 6 1.2 6.8 6 1.2

Tinnitus Handicap Inventory (0–100) 34.2 6 11.9 36.1 6 9.5

Craniofacial Pain and

Disability Inventory (0–63)

38.6 6 5.5 40.7 6 8.2

12-item Short Form Health Survey (0–100) 31.3 6 3.4 30.0 6 3.6

Beck Depression Inventory (0–63) 6.5 6 7.3 7.4 6 5.4

Mandibular range of motion, mm

Maximal mouth opening 31.5 6 3.2 30.5 6 3.2

Right lateral excursion 5.9 6 0.7 5.8 6 0.8

Left lateral excursion 5.9 6 0.6 5.7 6 0.7

Pressure pain thresholds, kg/cm2

Masseter muscle 2.2 6 0.4 2.1 6 0.3

Temporalis muscle 2.3 6 0.4 2.2 6 0.3

TMJ area 2.2 6 0.4 2.3 6 0.4

Data are mean (SD), except for gender.

NPRS ¼ numeric pain rating scale (0–10; lower scores indicate less pain);

TMD ¼ temporomandibular disorder; TMJ ¼ temporomandibular joint;

VAS ¼ visual analog scale (0–10; lower scores indicate less pain).
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Mandibular Range of Motion
The ANCOVA revealed significant group * time interac-

tions for changes in mandibular range of motion (mouth

opening: F¼ 17.683, P< 0.001, g 2 p ¼ 0.367; lateral

excursions: F¼ 18.594, P< 0.001, g 2 p ¼ 0.395):

Patients receiving exercise/education plus manual therapy

exhibited greater increases (large effect sizes) in mandibu-

lar range of motion than those receiving exercise and ed-

ucation alone (Table 4). Gender did not influence the

interaction effects on maximum mouth opening

(F¼ 1.083, P¼ 0.302) or lateral excursions (F¼ 0.237,

P¼ 0.628).

Pressure Pain Sensitivity
The ANCOVA revealed significant group * time interac-

tions for changes in PPTs in the masseter (F¼ 29.494,

P< 0.001, g 2 p ¼ 0.415), temporalis (F¼ 18.594,

P< 0.001, g 2 p ¼ 0.395), and the TMJ (F¼ 15.448,

P< 0.001, g 2 p ¼ 0.363): Individuals receiving exercise/

education plus manual therapy showed greater increases

(large effect sizes) in PPTs (decrease in pressure pain sen-

sitivity) than those receiving exercise/education alone

(Table 5). Gender did not influence the interaction effects

on PPT (masseter: F¼ 0.216, P¼ 0.643; temporalis:

F¼ 0.030, P¼ 0.863; TMJ area: F¼ 0.214, P¼ 0.646).

Discussion

This randomized clinical trial found that inclusion of spe-

cific manual therapies targeting the TMJ and the cervical

and masticatory musculature into a physical therapy pro-

gram, including education and exercises, resulted in sig-

nificantly better outcomes at three and six months than

application of education and exercise alone in patients

with somatic tinnitus attributed to TMD.

The Clinical Practice Guideline published by the

American Academy of Otolaryngology–Head and Neck

Surgery Foundation (AAO-HNSF) recommends educa-

tion and cognitive behavior therapy for the management

of tinnitus, but no recommendation of other therapeutic

modalities is provided [39]. There is limited evidence for

physiotherapy interventions and preliminary evidence for

TMJ approaches in patients with somatic tinnitus

[11,12]. This clinical trial is the first to add manual ther-

apy targeting the TMJ and the cervical and masticatory

muscles into a multimodal approach including exercise

and education for patients with somatic tinnitus,

Table 2. Pain intensity and tinnitus outcomes at baseline, postintervention, three months, and six months after treatment, as well as
within-group and between-group mean scores by randomized treatment assignment

Outcomes

Timeline Scores, Mean 6 SD (95% CI)

Between-Group
Differences, Mean (95% CI)

Within-Group Change Scores, Mean (95% CI)

EX þ EDUC EX þ EDUC þMT

Intensity of TMD Pain (NPRS, 0–10)

Baseline 5.2 6 1.7 (4.6 to 5.8) 5.2 6 2.2 (4.5 to 5.9)

After intervention 4.1 6 1.2 (3.6 to 4.6) 3.2 6 1.8 (2.7 to 3.7)

Change baseline! after intervention �1.1 6 1.0 (�1.6 to �0.6) �2.0 6 1.8 (�2.6 to �1.4) �0.9 (�1.5 to �0.3)*

3 mo 4.0 6 1.3 (3.4 to 4.6) 2.4 6 1.8 (1.8 to 3.0)

Change baseline! 3 mo �1.2 6 1.4 (�1.9 to �0.5) �2.8 6 1.9 (�3.5 to �2.1) �1.6 (�2.5 to �0.7)*

6 mo 3.6 6 1.5 (3.0 to 4.2) 2.2 6 1.5 (1.6 to 3.0)

Change baseline! 6 mo �1.6 6 1.5 (�2.4 to �0.8) �3.0 6 1.8 (�3.7 to �2.3) �1.4 (�2.2 to �0.6)*

Tinnitus Severity (VAS, 0–10)

Baseline 6.7 6 1.2 (6.2 to 7.2) 6.8 6 1.2 6.3 to 7.3)

After intervention 5.8 6 1.2 (5.2 to 6.4) 4.7 6 1.9 (4.1 to 5.3)

Change baseline! after intervention �0.9 6 1.7 (�1.5 to �0.3) �2.1 6 2.0 (�2.9 to �1.3) �1.2 (�2.0 to �0.4)*

3 mo 5.2 6 1.5 (4.6 to 5.8) 3.6 6 1.7 (3.0 to 4.2)

Change baseline! 3 mo �1.5 6 1.9 (�2.2 to �0.8) �3.2 6 2.0 (�4.0 to �2.4) �1.7 (�2.6 to �0.8)*

6 mo 4.7 6 1.3 (4.2 to 5.2) 2.8 6 1.7 (2.2 to 3.4)

Change baseline! 6 mo �2.0 6 1.6 (�2.6 to �1.4) �4.0 6 2.1 (�4.7 to �3.3) �2.0 (�3.6 to �1.0)*

Tinnitus Handicap Inventory (0–100)

Baseline 34.2 6 11.9 (30.2 to 38.2) 36.1 6 9.6 (32.2 to 40.0)

After intervention 29.5 6 12.2 (25.7 to 33.3) 23.0 6 8.2 (19.2 to 26.8)

Change baseline! after intervention �4.7 6 7.9 (�7.6 to �1.8) �13.1 6 10.4 (�16.9 to �9.3) �8.4 (�12.8 to �4.0)*

3 mo 28.8 6 12.3 (25.1 to 32.5) 17.1 6 7.5 (13.4 to 20.8)

Change baseline! 3 mo �5.4 6 8.1 (�8.4 to �2.4) �19.0 6 9.8 (�22.6 to �15.4) �13.6 (�18.2 to �9.0)*

6 mo 28.3 6 11.8 (24.7 to 31.9) 14.4 6 7.3 (10.9 to 17.9)

Change baseline! 6 mo �5.9 6 7.4 (�8.6 to �3.2) �21.7 6 8.8 (�25.0 to �18.4) �15.8 (�19.6 to �12.0)*

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; EDUC = Education; EX= Exercise; MT= Manual therapy; NPRS ¼ numeric pain rating scale (0–

10; lower scores indicate less pain); TMD ¼ temporomandibular disorder; TMJ ¼ temporomandibular joint; VAS ¼ visual analog scale (0–10; lower scores indi-

cate less pain).

*Statistically significant differences between groups (ANCOVA, P< 0.001).
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reflecting common clinical practice. The results of our

clinical trial found large effect sizes favoring the inclusion

of cervico-mandibular manual therapy for the manage-

ment of people with somatic tinnitus attributed to TMD;

however, between-groups change scores did not surpass

the MCID for each respective outcome. It should be

noted that both groups showed significant within-group

improvements in most outcomes, mostly at three and six

months; nevertheless, only within-group change scores of

the cervico-mandibular manual therapy group surpassed

the MCID for most outcomes. Improvements in the phys-

iotherapy group could be related to the fact that exercise

and education have been found to be effective for the

management of people with TMD symptoms [9,10].

Based on the current results, we could anticipate a

potential clinical benefit of adding manual therapy tar-

geting the TMJ and the cervical and masticatory muscu-

lature for patients with somatic tinnitus attributed to

TMD; however, future trials are needed to clarify the

clinical relevance of these therapeutic interventions.

Our results also showed that the inclusion of cervico-

mandibular manual therapies was able to induce better

improvements in clinical (i.e., tinnitus-related handicap,

TMD related-disability), psychological (i.e., depressive

symptoms), and physical (i.e., mandibular active range of

motion) outcomes, but not in health-related quality of

life. These findings suggest that physical therapy

approaches for patients with somatic tinnitus should be

multimodal by including manual therapy, exercise, and

education to facilitate multidimensional improvements in

Figure 7. Evolution of temporomandibular pain intensity (A) and tinnitus severity (B) throughout the course of the study, stratified
by randomized treatment assignment. Data are presented as mean (standard error). *P<0.01; **P<0.001.
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Table 3. Self-reported secondary outcomes at baseline, postintervention, three months, and six months after treatment, as well as
within-group and between-groups mean scores by randomized treatment assignment

Outcomes

Timeline Scores, Mean 6 SD (95% CI)

Between-Group Differences,
Mean (95% CI)

Within-Group Change Scores, Mean (95% CI)

EX þ EDUC EX þ EDUC þMT

Craniofacial Pain and Disability Inventory (0–63)

Baseline 38.6 6 5.5 (6.1 to 7.5) 40.7 6 8.2 (38.2 to 43.2)

After intervention 35.2 6 5.0 (4.0 to 5.6) 33.6 6 5.0 (31.5 to 35.7)

Change baseline! after intervention �3.4 6 2.1 (�4.2 to �2.6) �7.1 6 5.0 (�9.0 to �5.2) �3.7 (�5.7 to �1.7)*

3 mo 34.0 6 5.4 (4.1 to 5.7) 29.8 6 5.8 (27.8 to 31.8)

Change baseline! 3 mo �4.6 6 2.8 (�5.7 to �3.5) �10.9 6 5.9 (�13.1 to �8.7) �6.3 (�8.6 to �4.0)*

6 mo 33.3 6 5.0 (3.1 to 5.1) 28.7 6 6.1 (26.7 to 30.7)

Change baseline! 6 mo �5.3 6 2.4 (�6.2 to �4.4) �12.0 6 5.0 (�13.8 to �10.2) �6.7 (�8.7 to �4.7)*

12-Item Short Form Health Survey (0–100)

Baseline 31.3 6 3.4 (30.0 to 32.6) 30.0 6 3.6 (28.7 to 31.3)

After intervention 31.9 6 2.2 (30.8 to 33.0) 30.0 6 3.4 (28.8 to 31.2)

Change baseline! after intervention 0.6 6 3.2 (�0.6 to 1.8) 0.0 6 3.1 (�1.2 to �1.2) �0.6 (�2.2 to 1.0)

3 mo 32.0 6 2.5 (31.0 to 33.0) 30.5 6 2.7 (29.6 to 31.4)

Change baseline! 3 mo 0.7 6 3.5 (�0.6 to 2.0) 0.5 6 4.0 (�1.0 to 2.0) �0.2 (�2.0 to 1.6)

6 mo 31.9 6 2.8 (30.9 to 32.9) 30.9 6 2.4 (29.9 to 31.9)

Change baseline! 6 mo 0.6 6 3.6 (�0.7 to 1.9) 0.9 6 3.9 (�0.5 to 2.3) 0.3 (�1.5 to 2.1)

Beck Depression Inventory (0–63)

Baseline 6.5 6 7.3 (4.2 to 8.8) 7.4 6 5.4 (5.1 to 9.7)

After intervention 5.7 6 6.6 (3.6 to 7.8) 4.1 6 4.9 (2.0 to 6.2)

Change baseline! after intervention �0.8 6 3.3 (�2.0 to 0.4) �3.3 6 3.7 (�4.7 to �1.9) �2.5 (�4.0 to �1.0)*

3 mo 6.3 6 7.0 (4.2 to 8.4) 3.1 6 4.6 (1.0 to 5.2)

Change baseline! 3 mo �0.2 6 5.2 (�2.2 to 1.8) �4.3 6 3.4 (�5.5 to �3.1) �4.1 (�6.3 to �2.0)*

6 mo 6.0 6 7.0 (4.0 to 8.0) 2.4 6 3.8 (0.4 to 4.4)

Change baseline! 6 mo �0.5 6 5.6 (�2.5 to 1.5) �5.0 6 3.8 (�6.4 to �3.6) �4.5 (�7.0 to �2.0)*

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; EDUC ¼ Education; EX ¼ Exercise; MT ¼Manual therapy.

*Statistically significant differences between groups (ANCOVA, P< 0.001).

Table 4. Mandibular range of motion at baseline, postintervention, three months, and six months after treatment, as well as within-
group and between-groups mean scores by randomized treatment assignment

Outcomes

Timeline Scores, Mean 6 SD (95% CI)

Between-Group Differences,

Mean (95% CI)

Within-Group Change Scores, Mean (95% CI)

EX þ EDUC EX þ EDUC þMT

Maximum Mouth Opening, mm

Baseline 31.5 6 3.2 (30.5 to 32.5) 30.5 6 3.2 (29.0 to 32.0)

After intervention 35.0 6 4.8 (33.5 to 36.5) 39.0 6 5.0 (37.5 to 40.5)

Change baseline! after intervention 3.5 6 2.7 (2.2 to 4.8) 8.5 6 4.5 (7.3 to 9.7) 5.0 (3.8 to 6.2)*

3 mo 36.0 6 4.1 (34.5 to 37.5) 41.0 6 4.5 (39.5 to 42.5)

Change baseline! 3 mo 4.5 6 2.6 (3.1 to 5.9) 10.5 6 3.8 (9.2 to 11.8) 6.0 (5.0 to 7.0)*

6 mo 36.5 6 4.0 (35.0 to 38.0) 42.0 6 3.5 (40.5 to 43.5)

Change baseline! 6 mo 5.0 6 2.9 (3.6 to 6.4) 11.5 6 3.3 (10.7 to 12.3) 6.5 (5.0 to 8.0)*

Left Lateral Excursion, mm

Baseline 5.9 6 0.7 (5.5 to 6.3) 5.8 6 0.8 (5.4 to 6.2)

After intervention 6.5 6 0.6 (6.3 to 6.7) 7.7 6 0.7 (7.4 to 8.0)

Change baseline! after intervention 0.6 6 0.8 (0.3 to 0.9) 1.9 6 1.0 (1.6 to 2.2) 1.3 (1.0 to 1.6)*

3 mo 7.0 6 0.8 (6.6 to 7.4) 8.4 6 0.8 (8.0 to 8.8)

Change baseline! 3 mo 1.1 6 1.0 (0.7 to 1.5) 2.6 6 0.9 (2.3 to 2.9) 1.5 (1.1 to 2 to 9)*

6 mo 7.2 6 1.1 (6.7 to 8.2) 9.0 6 0.8 (8.5 to 9.5)

Change baseline! 6 mo 1.3 6 1.1 (1.0 to 1.6) 3.2 6 0.7 (3.0 to 3.4) 1.9 (1.4 to 2.3)*

Right Lateral Excursion, mm

Baseline 5.9 6 0.6 (5.7 to 6.1) 5.7 6 0.7 (5.5 to 5.9)

After intervention 6.6 6 0.7 (6.3 to 6.9) 7.7 6 0.9 (7.3 to 8.1)

Change baseline! after intervention 0.7 6 0.8 (0.4 to 1.0) 2.0 6 1.1 (1.5 to 2.5) 1.3 (0.9 to 1.7)*

3 mo 7.0 6 0.7 (6.6 to 7.4) 8.6 6 1.1 (8.3 to 8.9)

Change baseline! 3 mo 1.1 6 1.0 (0.7 to 1.5) 2.9 6 1.2 (2.4 to 3.4) 1.8 (1.3 to 2.3)*

6 mo 7.2 6 0.8 (6.8 to 7.6) 9.2 6 1.0 (8.7 to 9.7)

Change baseline! 6 mo 1.3 6 1.0 (0.9 to 1.7) 3.5 6 1.3 (2.9 to 4.1) 2.2 (1.6 to 2.8)*

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; EDUC = Education; EX= Exercise; MT= Manual therapy.

*Statistically significant differences between groups (ANCOVA, P< 0.001).
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this population. We also observed a localized hypoalgesic

effect, as expressed by an increase in PPTs, in both

groups, particularly within the manual therapy group.

There is evidence supporting that manual therapy is able

to increase PPTs in individuals with musculoskeletal pain

[40]. These results confirm the neuro-physiological

effects of manual therapy and exercise within the central

nervous system, as previously suggested [41].

Nevertheless, although changes were superior in individ-

uals receiving manual therapy, between-group differences

were small, and clinical relevance remains unclear.

The results of this clinical trial would suggest a corre-

lation between TMD and tinnitus in our sample, as ap-

propriate TMD treatment improved the severity and

distress of the tinnitus. The mechanisms linking TMD

and tinnitus remain to be further elucidated, and anatom-

ical and physiological theories are currently proposed.

For instance, the anatomical relationship between TMJ

ligaments and muscles and the inner ear provides a hy-

pothesis regarding where movements of the mandibular

condyle producing tension in these structures can result

in self-perceived tinnitus. Additionally, different animal

studies have described connections between the somato-

sensory system of the cervical spine and the TMJ and the

cochlear nuclei of the ear [42]. Shore et al. [43] showed

that the trigeminal and dorsal root ganglia relay afferent

somatosensory information from the periphery to sec-

ondary sensory neurons within the brain stem, specifi-

cally the spinal trigeminal nucleus and dorsal column

nuclei, respectively. These physiological links explain

that the musculoskeletal somatosensory system of the

cervical musculature and TMJ is able to influence the au-

ditory system by altering spontaneous rates (i.e., not

driven by auditory stimuli). Any of these hypotheses

would explain the results of the current clinical trial, yet

they require further scientific evaluation.

The results of this multicenter randomized clinical

trial should be considered according to its potential

strengths and limitations. Major strengths are the inclu-

sion of patients with defined somatic tinnitus, concealed

allocation, a best-evidence multimodal approach treat-

ment including exercise and education, blinded outcome

assessments, intention-to-treat analysis, and a six-month

follow-up period. Among the limitations, first, as there is

no objective method for the diagnosis of tinnitus, this is a

self-reported diagnosis; therefore, current data should be

not extrapolated to different subgroups of patients.

Second, we did not include a control group without ap-

plication of any intervention, so we do not know the nat-

ural course of the disease. It is important to note that

Table 5. Pressure pain thresholds (kg/cm2) at baseline, postintervention, three months, and six months after treatment, as well as
within-group and between-groups mean scores by randomized treatment assignment

Outcomes

Timeline Scores, Mean 6 SD (95% CI)

Between-Group Differences,
Mean (95% CI)

Within-Group Change Scores, Mean (95% CI)

EX þ EDUC EX þ EDUC þMT

Pressure Pain Thresholds over the Masseter Muscle, kg/cm2

Baseline 2.2 6 0.4 (2.0 to 2.4) 2.1 6 0.2 (2.0 to 2.2)

After intervention 2.3 6 0.5 (2.1 to 2.5) 2.6 6 0.4 (2.4 to 2.8)

Change baseline! after intervention 0.1 6 0.2 (0.0 to 0.2) 0.5 6 0.3 (0.3 to 0.7) 0.4 (0.2 to 0.6)*

3 mo 2.4 6 0.4 (2.2 to 2.6) 2.8 6 0.3 (2.6 to 3.0)

Change baseline! 3 mo 0.2 6 0.2 (0 to 1 to 0.3) 0.7 6 0.4 (0.5 to 0.9) 0.5 (0.3 to 0.7)*

6 mo 2.5 6 0.4 (2.3 to 2.7) 2.9 6 0.3 (2.7 to 3.1)

Change baseline! 6 mo 0.3 6 0.2 (0.2 to 0.4) 0.8 6 0.4 (0.6 to 1.0) 0.5 (0.4 to 0.6)*

Pressure Pain Thresholds over the Temporalis Muscle, kg/cm2

Baseline 2.3 6 0.4 (2.1 to 2.5) 2.2 6 0.3 (2.0 to 2.4)

After intervention 2.5 6 0.4 (2.3 to 2.7) 2.6 6 0.3 (2.4 to 2.8)

Change baseline! after intervention 0.2 6 0.2 (0.1 to 0.3) 0.4 6 0.2 (0.3 to 0.5) 0.2 (0.1 to 0.3)*

3 mo 2.6 6 0.4 (2.4 to 2.8) 2.8 6 0.3 (2.6 to 3.0)

Change baseline! 3 mo 0.3 6 0.3 (0.1 to 0.5) 0.6 6 0.2 (0.5 to 0.7) 0.3 (0.2 to 0.4)*

6 mo 2.6 6 0.4 (2.4 to 2.8) 2.9 6 0.3 (2.7 to 3.1)

Change baseline! 6 mo 0.3 6 0.3 (0.1 to 0.5) 0.7 6 0.2 (0.6 to 0.8) 0.4 (0.2 to 0.6)*

Pressure Pain Thresholds over the Lateral Aspect of the TMJ, kg/cm2

Baseline 2.2 6 0.4 (2.0 to 2.4) 2.3 6 0.4 (2.1 to 2.5)

After intervention 2.4 6 0.4 (2.2 to 2.6) 2.6 6 0.3 (2.4 to 2.8)

Change baseline! after intervention 0.2 6 0.3 (0.0 to 0.4) 0.3 6 0.3 (0.1 to 0.5) 0.1 (0.0 to 0.2)

3 mo 2.5 6 0.4 (2.3 to 2.7) 2.8 6 0.3 (2.6 to 3.0)

Change baseline! 3 mo 0.3 6 0.3 (0.1 to 0.5) 0.5 6 0.3 (0.3 to 0.5) 0.2 (0.1 to 0.3)*

6 mo 2.6 6 0.4 (2.4 to 2.8) 2.9 6 0.3 (2.7 to 3.1)

Change baseline! 6 mo 0.4 6 0.3 (0.2 to 0.6) 0.6 6 0.3 (0.4 to 0.8) 0.2 (0.1 to 0.3)*

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; EDUC ¼ Education; EX ¼ Exercise; MT ¼Manual therapy; NPRS ¼ numeric pain rating scale

(0–10; lower scores indicate less pain); TMJ ¼ temporomandibular joint; VAS ¼ visual analog scale (0–10; lower scores indicate less pain).

*Statistically significant differences between groups (ANCOVA, P< 0.001).
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TMDs are often self-limited over time, and significant

fluctuation of the symptoms can be observed [44,45];

therefore, we cannot determine if the changes observed

in both groups can be specifically attributed to interven-

tions or simply the passage of time. Future clinical trials

should include a real control group that does not receive

any intervention to determine the real effects of the ther-

apy. Third, the influence of the placebo effect is un-

known, as we did not include a group receiving a sham

manual therapy approach. We do not know if the facts

that patients within the manual therapy group received

manual contact and that the clinician spent slightly more

time with them could have had a powerful benefit and

whether they could have produced the difference between

groups. In addition, although we tried to blind patients, it

is possible that individuals’ expectations for manual con-

tact may also have had an impact on the results. Future tri-

als including a control/sham group should be conducted to

determine the best therapeutic option for somatic tinnitus

attributed to TMD. Finally, subgroups of patients who

would benefit most from these interventions and factors

associated with successful treatment in either management

approach should be elucidated in future trials.

Conclusions

The inclusion of manual therapies targeting the TMJ and

the cervical and masticatory musculature into a multi-

modal physical therapy program including education and

exercise resulted in significantly better clinical, psychologi-

cal, and physical outcomes at three and six months than

the application of education and exercise alone in a sample

of patients with somatic tinnitus attributed to TMD.
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Abstract: Background and Objectives: The objective of our clinical trial was to determine the effective-
ness of the deep dry needling technique (DDN) (neuromuscular deprogramming) as a first step in
the treatment of temporomandibular disorders. Methods and Materials: The double-blind randomized
clinical trial comprised 36 patients meeting the inclusion criteria who had signed the corresponding
informed consent form. The participants were randomly distributed into two groups, the Experi-
mental group (Group E) and the Control group (Group C). Group E received bilateral DDN on the
masseter muscle, while Group C received a simulation of the technique (PN). All the participants were
evaluated three times: pre-needling, 10 min post-needling, and through a follow-up evaluation after
15 days. These evaluations included, among other tests: pain evaluation using the Visual Analog Scale
(VAS) and bilateral muscle palpation with a pressure algometer; evaluation of the opening pattern
and range of the mouth, articular sounds and dental occlusion using T-scans; and electromyography,
which was used to evaluate the muscle tone of the masseter muscles, in order to control changes in
mandibular position. Results: Digital control of occlusion using Tec-Scan (digital occlusion analysis)
showed a significant reduction both in the time of posterior disclusion and in the time needed to reach
maximum force in an MI position after needling the muscle, which demonstrated that there were
variations in the static position and the trajectory of the jaw. The symmetry of the arch while opening
and closing the mouth was recovered in a centric relation, with an increase in the opening range of
the mouth after the procedure. Conclusions: facial pain is significantly reduced and is accompanied
by a notable reduction in muscle activity after needling its trigger points.

Keywords: temporomandibular dysfunction; deep dry needling trigger points; myofacial pain;
randomized clinical trial

1. Background and Objectives

The temporomandibular joint (TMJ), a form of bicondylar diarthrosis that establishes
a double connection between the jaw and the temporal bone working symmetrically, is
one of the most complex articulations in the body. According to a recent study evaluating
historical case series of representative samples of the Spanish population, 12% of adults
and elderly patients in Spain experience pain-related symptoms in relation to the muscles
of mastication and/or the TMJ [1].

At present, the origin of temporomandibular disorders is considered to be multifac-
torial, and a series of predisposing or precipitating factors has been described in relation
to anatomy, occlusion, parafunction, trauma, and psycho-emotional conditions [2]. These
disorders are frequently found to be accompanied by tension-type headaches and other
neurological episodes (depression, anxiety) [3]. Furthermore, there is evidence of greater
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prevalence in women [4], which seems to be a significant prognostic factor in all the
historical case series evaluated in Spain in the latest national surveys on oral health [1].

Multiple therapeutic strategies have been implemented to alleviate the pain and
discomfort associated with musculoskeletal pathology in the orofacial area, with different
degrees of invasiveness (splints, medications (infiltration of corticosteroids), physiotherapy,
regenerative infiltrations (although though the effectiveness of platelet concentrates is at
the center of a recent academic debate, since injections of Plasma Rich in Growth Factors or
PRGF modulate the inflammatory response and have regenerative activity in damaged joint
components of the TMJ), or surgery) [5–10]. Nevertheless, there is still little certainty on
the matter. At present, the most consensual approach is to only treat conditions that impact
on quality of life through non-invasive means, except when the general repercussions of
the clinical presentation worsen, in which case combined and progressively more invasive
strategies should be implemented when previous efforts have failed [11].

In this sense, the dry needling technique could be a promising therapy for presen-
tations with chronic muscle involvement (myalgia, referred myofacial pain, or direct
myofacial pain) [12]. This minimally invasive technique is based on the insertion of a low-
caliber needle, without any additional substances, into myofascial trigger points, which
are irritable nodules of a tensed band composed of hypertonic muscle fibers [12]. Two
types of dry needling technique exist, based on the depth to which the needle is inserted:
superficial needling, or Baldry’s Technique, in which the needle is inserted up to the subcu-
taneous cellular tissue overlying the myofacial trigger point; and deep needling, in which
the needle is inserted into the muscle with the intention of reaching the myofacial trigger
point [13]. The process behind this technique is the generation of controlled microspasms
in the affected muscle area, which alternate with periods of muscle relaxation, with various
studies supporting its therapeutic effectiveness [14–16].

In the orofacial area, several authors have studied the effectiveness of dry needling
on the muscles of mastication in order to increase the pain threshold to pressure and
to maximize the free-of-pain opening of the mouth [17,18]. The study conducted by
Luis-Miguel Gonzalez-Perezse et al., focusing on the application of DDN in the lateral
pterygoid muscle, which should always be treated under strict ultrasound control due to its
complex accessibility and management, reported a reduction in pain and an improvement
in maximum mouth opening mobility, jaw protrusion and laterality [18]. This was in
agreement with the results obtained in a different DDN study on the temporal and masseter
muscles, where the effects measured immediately after and a week after the procedure
were evaluated [19]. However, other authors attributed these effects to placebo, although
their small sample size (n = 10 per group) could have limited their statistical inference
capacity [20,21].

Our study offers an affordable, swift, and easily applicable alternative, which is useful
not only as an isolated treatment for muscle dysfunction, but to facilitate or enable the use
of other types of intervention carried out by odontologists, such as the reversion to the
baseline physiological position of the jaw in centric relation (CR).

The purpose of this study was to evaluate DDN’s effectiveness in the treatment of
myogenous forms of temporomandibular joint disorder by monitoring the activity of the
masseter muscle, bite force, mouth opening range and symmetry, as well as changes in the
position of the jaw after applying DDN.

2. Materials and Methods

The sample size necessary to undertake our study was calculated with 95% confidence
and 80% statistical power.

We conducted a randomized double-blind clinical trial with a total sample size of
36 patients. Subjects in the sample were recruited from patients attending the Clinical
Odontology Consultation of the Faculty of Medicine of the University of Salamanca, as
well as university students and other external individuals who wished to participate and
met the following inclusion criteria: subjects between the ages of 18 and 40 years, with
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myofacial pain due to temporomandibular dysfunction at the time, diagnosed using the
Research Diagnostic Criteria (RDC) [21], who had teeth or carried partial fixed prostheses,
and showed signs of temporomandibular articular pathology (without determining the
degree of TMJ involvement). Patients had not received any other form of treatment related
to TMJ disorders.

The exclusion criteria were: a confirmed or suspected diagnosis of an inflammatory
disorder (arthralgia), the presence of an oral or dental infection, a confirmed or suspected
diagnosis of neurological disorders, a history of physical trauma in the head or face,
intake of anticoagulants or drugs for circulation disorders, allergies to metals, and patients
with cognitive and/or communication impairments that could hamper necessary data
collection [22].

At the beginning of the study, and in order to verify the inclusion criteria, all partici-
pants completed a self-administered questionnaire (ANNEX 1) based on the guidelines of
the Research Diagnostic Criteria (RDC) for temporomandibular disorders [23].

2.1. Intervention

Each patient was asked to fill in a specific questionnaire on the level of pain suffered
before starting the procedure. Pain was evaluated using a visual analog scale, thus allowing
the patients to express their own sensation of pain.

The sample was divided into two groups:
Group E: intervention group, who received the deep dry needling technique.
Group C: placebo group, on whom deep dry needling was not performed.
Next, digital occlusal registration was carried out using a T-scan to determine the

occlusal contact points, the percentage of occlusal force applied on each tooth, the time
needed to reach maximum occlusal force, and the time of posterior disclusion, parameters
directly associated with the conditions of the muscles, and which determine postural
characteristics at the same time. The electrical activity was registered at baseline and
at the maximum intercuspation position (MI) in the masseter muscle after placing the
corresponding electrodes in the mandibular angle in parallel to the fibers of the masseter
muscle on both sides.

Group E received the DDN treatment in both masseter muscles, using 0.30 × 0.30 mm
AGUPUNT acupuncture needles with guides. The technique requires the patient to rest
in a supine position, with their eyes closed and with the head rotated towards the right
when treating the left masseter muscle and towards the left for the right masseter muscle.
The trigger point is identified and marked with a dermographic pen (pain evaluation was
carried out through the palpation of different points according to RDC guidelines, using an
algometer to determine the exact amount of exerted pressure (ANNEX 3).

The skin was then cleaned and the electromyographic electrodes are placed at the
origin and the insertion of the masseter muscle. An antiseptic was subsequently applied on
the needling area and the needle was inserted under the aseptic conditions required for the
technique. During needling, the physical response of the patient was observed at all times,
with the objective of controlling local spasm responses in each masseter muscle Figure 1.

Figure 1. Patient lying in the required position for needling.
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Next, the opening pattern and the measurements of the opening of the mouth were
evaluated using a digital caliper, and the joint was auscultated on both sides during the
opening and closing movements to assess the characteristics of potential sounds (such as
clicks, pops, and so on, as well as their volume and frequency) (Figures 2 and 3).

Figure 2. Electromyography surface electrode positioning.

Figure 3. Pre-needling registry of the activity in MI position.

Ten minutes after the procedure, a new evaluation was conducted (post-needling),
which included all the above-mentioned change variables.

Group C received a simulation of the DDN treatment. The patient was set in the same
position, using the same needle and guide with the same characteristics, and for the same
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time as estimated for group E, although in this case the safety piece was not removed so
as not to needle the patient. All the aforementioned records were obtained out for muscle
activity, mandibular position, mandibular opening and closing patterns, and joint noises,
both before and after the simulation of the dry needling maneuver (Figure 4).

Figure 4. Digital occlusal analysis determining the characteristics of the jaw position.

After conducting the technique, the patient was left to rest for 10 min for the needling
to take effect, and afterwards the same evaluation registrations described above were
repeated, evaluating the post-needling pain levels. The patient was then asked to fill in the
same pain level questionnaire completed at the beginning.

Subsequently, 15 days after the procedure, a new evaluation (follow-up evaluation)
was conducted, including, in addition to the change variables registered during the post-
needling evaluation, a new, self-administered questionnaire with aspects related to pain
and functional activity.

2.2. Data Analysis

The data were analyzed using the IBM.SPSS Statistics program, version 23 and were
presented with a 95% confidence level.

3. Results

Table 1 offers the variations of the masseter muscle activity values in both sides,
comparing electric activity results during the pre-needling and post-needling phases.

The activity of the same muscle in its maximum intercuspation position was also
registered following the same protocol, finding changes in the muscle’s electric activity
though without statistical significance. These were probably due to the clinical trial’s
sample size. We registered the following values: 130.73 µV in the right masseter and
125.55 µV in the left masseter pre-needling; and 112.86 µV and 90.71 µV post-needling.
The reduction in activity is notable, especially in the left side. This was probably due to
prematurity and interferences in the right side, which were evidenced after analyzing the
T-scan results. This situation was no longer noticeable in the different CR positions, where
the occlusal irregularities that can affect the electric activity of the muscle were nullified.
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Table 1. Mean muscle activity value comparison in microvolts (µV) of the masseter muscle in different
jaw positions, where RM is relaxed mandible, MI is maximum intercuspation position, CR is jaw in
centric relation according to Dawson’s bimanual manipulation, CR-L is centric relation measured
using Long’s laminae, CR-P is centric relation obtained in the position of the first dental contact, DT
is jaw disclusion time, P is jaw protrusion position and T-MI is time needed to reach the position of
maximum intercuspation. We were able to clearly observe a reduction in activity in the right (19 µV)
and left (20.36 µV) masseter muscles in a relaxed jaw position before needling the trigger points.
After waiting 10 min post-needling and repeating the same measurement, we obtained values of
23.71 µV/17.65 µV, respectively.

Mean Pre- Deviation Pre- Mean Post- Deviation Post-

Right Left Right Left
Cont. Interv. Cont. Interv.

Right Left Right Left Right Left Right Left

RM 19 20.36 19.31 25.05 21 15.8 23.71 17.65 20.06 12.76 40.27 18.04

MI 130.73 125.55 227.83 248.22 229 228.75 112.86 90.71 402.1 402.25 222.34 168.37

CR 94 85 73.5 68.38 94 70.50 37.71 34.14 150.70 106.34 58.71 49.14

CR-L 42.91 36.91 66.96 53.86 92 70 30.50 28.3 64.3 52.5 35.3 30.45

CR-P 36.91 33 54.83 46.77 35 30 24.4 20 50.30 40.23 45.5 35.45

DT 3.59 1.74 3.45 2.09 0.5 1.3

P 94.82 81 147.46 160.41 174.50 98.75 64.57 51.43 255.03 147.54 123.92 87.74

T-MI 0.87 1.21 0.25 0.6

According to the protocol, regarding the EMG values registered in centric relation
positions with different techniques, we found a significant reduction in muscle activity
between pre- and post-needling, of > 0.05. Dawson’s bimanual technique CR was associated
with the highest reduction percentage of the activity of the right 94 µV and left 85 µV
muscles before, as well as 31.71 µV right and 34.14 µV left after needling (Figure 5). This
striking reduction, corresponding to CR measurement using jaw induction after achieving
a relaxed state, is the only technique that does not entail any dental contact, a situation that
favors an increase in muscle activity.

Figure 5. Graph of EMG activity in CR position compared with other techniques (CR-P, CR-L),
Table 1.
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Considering the EMG, we can sort the methods used for measuring centric relation
according to the masseter muscle’s activity based on the reduction in EMG activity between
the pre- and post-needling states in the following order:

CR according to Dawson’s bimanual technique.
CR-P, where centric relation is determined by the closing arch of the jaw up to the first

dental contact, with a mean pre-needling activity of 36.91 µV in the right/33 µV in the left
masseter and of 24.4 µV in the right/20 µV in the left masseter post-needling.

CR-L, where the centric relation is measured with Long’s laminae with a mean pre-
needling activity of 42.91 µV in the right/36.91 µV in the left masseter and of 30.5 µV in the
right/28.3 µV in the left masseters post-needling.

Figure 6 shows the comparison between the three methods of determining the
central relation.

Figure 6. Graph EMG activity comparison of the right masseter using different CR measuring
methods. Regarding the opening of the mouth and its symmetry, we found a significant change, of
>0.05, in the opening, with a mean value of 44.92 mm pre-needling, measured between the incisal
borders of the superior and inferior centrals.

The mean post-needling distance is 51 mm. Figure 7.

Figure 7. Graph mean mouth opening value measured in mm.

For the symmetry of the arch when opening and closing, we registered significant
changes. In certain situations, the symmetry was affected by intra-articular morphological
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and structural changes. These modifications where mostly motivated by masseter muscle
relaxation after trigger point needling (Table 2).

Table 2. Percentage symmetry of opening and closing mouth.

Presence Percentage Asymmetry Symmetry

Pre- 75% 25%

Post- 37.5% 62.5%

For the variable of the time needed to achieve maximum force in a maximum inter-
cuspation position, disregarding the determining factor of the muscle due to the needling
technique, and measuring using the T-scan, we found a considerable reduction in the
amount of time needed, possibly due to the postural change of the jaw after the procedure,
avoiding premature reactions secondary to muscle issues (Figure 8).

Figure 8. Graph T-Mi, time needed to achieve maximum force measured in seconds.

The posterior disclusion time, a major characteristic of optimal functional occlusion, is
usually affected in certain circumstances by the situation of the muscle and vice versa, since
delayed posterior disclusion is one of the main reasons for increases in facial pain and EMG
activity. According to our results, the reduction in DT was significant: >0.05 (Figure 9).

Figure 9. Graph DT posterior disclusion time measured in seconds.

Regarding both articular and facial pain, we registered significant mean values, es-
pecially for facial pain, a variable that is directly subject to the state of the muscle. These
results are shown in Table 3.

Compared with the results on articular pain measured through VAS in both variables,
we observed a smaller reduction in articular pain between the pre- and post-needling states,
though intra-articular factors; changes affected this variable more than the effects of the
muscle itself.
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Table 3. Articular and facial pain.

Mean Pre- Dev. Pre- Mean Post- Dev. Post-

Cont. Interv. Cont. Interv. Cont. Interv. Cont. Interv.

Mouth Opening 44.92 7.36 51.75 51 2.36 2.64
Facial Pain 7.75 8.57 0.95 0.97 0.5 1.5 0.57 0.97

Articular
Sound

No 75% 75% 100% 87.5%
Yes 25% 25% 0 12.5%

TMJ pain 2.50 3 1.73 2.77 1 2.63 2 3.24

The articular sounds showed a noticeable improvement at 10 min after needling of the
masseter muscle, considering that the muscle factor plays an important role in adjusting
the trajectory that the jaw follows in its movement. The results can be found in Figure 10.

Figure 10. Graph articular sound presence percentage.

4. Discussion

At present, the effectiveness of DDN is more than evident thanks to numerous research
studies that have highlighted the importance of ischemic compression and eccentric load
in muscle exercises following DDN [21,22].

The first use of DDN therapy was in the 1940s and, since then, numerous studies
have tried to analyze this technique in all its diversity. Two meta-analyses comparing
the effects of dry needling with wet needling using lidocaine concluded that short-term
results are similar [23–26]. In 2016, the Canadian Agency for Drugs and Technologies in
Health accepted the use of DDN in the public health system for the treatment of different
musculoskeletal pain syndromes [27–30]. A recent meta-analysis study on the use of DDN
in temporomandibular disorders concluded that the technique in question considerably
reduces pain intensity compared with sham therapy [31,32]. In their meta-analysis, Hall
et al. concluded that DDN effectiveness is low at the muscular level, but is higher at the
neurological level [33,34].

Gatte et al. proved that DDN effectiveness was low-to-moderate in relation to physio-
therapy treatment for musculoskeletal pain in the short- or medium-term [35–39]. Gerwin
and Shah proved that DDN is capable of interrupting dysfunction at the terminal of the
motor end plate, increasing muscle length and reducing the superposition of actin and
myosin fibers [40–42]. Lui Q.G. reports that DDN helps reduce the range and electric
frequency at the terminal of the motor end plate, reducing acetylcholine levels [43,44].
Chou and Hsieh report that the spontaneous reduction in electric activity is associated with
a cascade of muscle contractions during the DDN procedure [45,46]. This phenomenon
leads to a reduction in acetylcholine levels, causing an increase in t blood flow and, in turn,
in local oxygenation levels, leading to muscle relaxation in the area [47].

Butts reports that, from a neurophysiological standpoint, DDN reduces both peripheral
and central sensitivity by neutralizing nociceptors in the area, modeling de activity of the
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dorsal spine through the inhibition of the activity of central pain pathways [48,49]. In their
studies, Shah et al proved that with DDN, there is an immediate concentration in the area of
neurotransmitters, such as calcitonin, as well as of various cytokines and interleukins, both
outside and in cellular fluids [50,51]. Hsieh et al. confirmed that DDN models chemical
mediators associated with pain and inflammation by increasing B-endorphins [52,53]. It is
evident that DDN cannot be the only therapeutic option when treating chronic pain but
must be accompanied by other therapeutic techniques [54,55], such as physical exercise,
psychological treatment, and the treatment of sleep disorders [56,57]. Woolf considers that
afferent signals and their transmission pathways, as well as nociceptor sensors, constitute
the most frequent etiology for myofacial pain [58–60]. Fernández de la Peña reports that
trigger points can be considered peripheral sensors for nociception that contribute to pain
propagation [61,62]. This theory suggests that the interactions are bi-directional. Their
conclusions concur with our results regarding trigger point needling, which deactivates
nociceptors, deprograms the affected muscles, and allows mandibular movements free of
muscle conditioning [63–66].

Clinically, in situations of chronic pain, a proper understanding by the patient of the
mechanism behind the pain is considered crucial [63–65]. Secondly, understanding the
role of trigger point needling, its interventions in nociceptors, their pathways, and the
effects of the technique on pain relief are also important [66]. Thirdly, the combination of
DDN with a good understanding of the mechanism behind its effects is key in reducing
kinesiophobia [67,68].

From our point of view, and in light of the results of our study and the duration of DDN
effectiveness, we consider the use of the technique as a neuromuscular de-programmer as
the first step in the multidisciplinary therapeutic process of myofacial pain.

5. Conclusions

Although, at present, there is no consensus on the effects of DDN, various studies
consider that this technique offers swift pain relief despite the short duration of its effects.
We observed:

• A significant reduction in facial pain and a reduction in muscle activity after needling
trigger points.

• A significant variation in the static position and in the trajectory of the movement of
the jaw, determined through digital occlusion control using Tec-Scan (occlusal digital
analysis).

• A reduction in the asymmetry of the arch when opening and closing the mouth in the
centric relation with an increase in the maximum mouth opening after needling.
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Abbreviations

CR Central relationship
CR-L Central Relationship through long sheets
CR-P Central Relationship through the first point of occlusal contact
DDN Deep dry puncture
DT Mandibular disclusion time
EMG Electro-miography
EVA Visual Analogue scale
MI Maximum intercuspidation
P Protrusive position
PP Placebo puncture
RDC Research diagnostic criteria
RM Mandibular rest
TMJ Temporomandibular joint
T-MI Time to reach maximum occlusive force
Uv Micro-volt
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Abstract. Temporomandibular disorders (TMD) impact a significant proportion of the
population. Given the range of management strategies, contemporary care should be
evidence-informed for different TMD types. A knowledge-to-action rapid review of
systematic reviews published in the past 5 years and guidelines published in the past
10 years concerning the management of TMD was conducted. The Cochrane,
Embase, MEDLINE, PEDro, and PubMed databases were searched. A qualitative
data analysis was undertaken, with quality assessment completed using the
AMSTAR 2 checklist. In total, 62 systematic reviews and nine guidelines
considering a range of treatment modalities were included. In concordance with
current guidelines, moderate evidence supports a multi-modal conservative
approach towards initial management. Contrary to existing guidelines, occlusal
splint therapy is not recommended due to a lack of supporting evidence. The
evidence surrounding oral and topical pharmacotherapeutics for chronic TMD is
low, whilst the evidence supporting injected pharmacotherapeutics is low to
moderate. In concordance with current guidelines, moderate quality evidence
supports the use of arthrocentesis or arthroscopy for arthrogenous TMD
insufficiently managed by conservative measures, and open joint surgery for severe
arthrogenous disease. Based on this, a management pathway showing escalation of
treatment from conservative to invasive is proposed.
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omandibular joint disorders; temporomandibu-
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treatment; surgical specialties.

Accepted for publication 16 November 2021
Available online 23 March 2022

Temporomandibular disorders (TMD) are
a group of conditions affecting the tempo-
romandibular joints (TMJ), muscles of
mastication, and associated structures.
Approximately 5–12% of the global pop-

ulation is affected, with TMD presenting
as the second most common musculoskel-
etal condition to cause pain and disabili-
ty1. Patients with TMD may present with a
variety of symptoms including pain, head-

ache, TMJ locking, limited opening, and
TMJ noises2. A biopsychosocial model of
pain is now recognized in the aetiology of
TMD, incorporating the cognitive, emo-
tional, and behavioural aspects of pain
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perception alongside mechanical initiating
factors. These factors may play an impor-
tant role in influencing treatment decisions
and outcomes3,4.
In 2014, Schiffman et al.2 developed the

Diagnostic Criteria for Temporomandibu-
lar Disorders (DC/TMD) for use in clinical
and research settings. According to these
diagnostic criteria2, TMD types can be
broadly categorized into two groups: pain
disorders and joint disorders. The former
are typically characterized by regional
pain, with the location of the pain enabling
a diagnosis of myalgia, arthralgia, or head-
ache attributed to TMD. The latter, joint
disorders, are typically characterized by
functional limitation. Further assessment
can elicit a diagnosis of disc displacement
with or without reduction. Finally, find-
ings of crepitus may be indicative of de-
generative joint disease.
The Royal College of Surgeons of Eng-

land (RCSEng) has outlined a wide range
of treatments available for the manage-
ment of TMD5. For patients with acute
TMD, simple patient education and en-
couragement of self-management can be
employed, alongside several non-invasive
therapies. These include physiotherapy,
acupuncture, and cognitive behavioural
therapy (CBT). A range of hard and soft
splints can be provided. Pharmacotherapy,
such as non-steroidal anti-inflammatory
drugs (NSAIDs), paracetamol, and benzo-
diazepines, can be prescribed. Local
anaesthetic trigger point or botulinum tox-
in injections can also be administered. For
patients with chronic TMD, referral to sec-
ondary care is indicated. A patient with
TMD may be referred to a specialist in oral
medicine, oral surgery, or oral and maxil-
lofacial surgery. In such cases, a range of
irreversible therapies may be provided. Oc-
clusal adjustment or prosthodontic recon-
struction to manage TMD has been
considered. The prescription of tricyclic
antidepressants (TCAs) or corticosteroids
is available, as well as intra-articular injec-
tions of corticosteroid or hyaluronic acid
(HA). Surgical interventions are performed
on a minority of patients and include arthro-
centesis, arthroscopy, eminectomy, emino-
plasty, down-fracture of the zygomatic
arch, and total joint replacement.
Increasing research into the aetiology,

diagnosis, and management of TMD is
being performed, driving a change in man-
agement ethos from invasive to conserva-
tive6. To inform evidence-based care, the
highest level of scientific evidence can be
gained from systematic reviews. These
serve to collate, critically appraise, and
synthesize relevant primary data on a par-
ticular subject. A scoping review by

Rinchuse and Greene6 found that, in
PubMed, 110 systematic reviews on
TMD had been published as of 2017,
compared to only 10 as of 2004. With
the latest guidelines on TMD management
from RCSEng published in 2013, recent
evidence may serve to shed greater light
on the most effective management strate-
gies for various TMD types5.
Against this background, the aim of this

rapid review was to evaluate the efficacy
of all therapeutic options for the manage-
ment of TMD by drawing upon recent
evidence from systematic reviews and
guidelines.
The objective of this review was to

investigate the efficacy of different surgi-
cal and non-surgical treatment options for
the management of TMD.

Methods and design

A knowledge-to-action rapid review evi-
dence summary of systematic reviews and
guidelines was undertaken systematically,
in line with the methodology developed by
Khangura et al.7. An unpublished review
protocol was written and shared with sta-
keholders in December 2019.
Systematic reviews considering trials

on patients of any age or sex with a clinical
and/or radiological diagnosis of any TMD
were considered. Participants with two or
more types of TMD were included. Sys-
tematic reviews of randomized controlled
trials (RCTs), non-randomized trials, case
series, and case reports were included.
Only published systematic reviews and
guidelines in the English language were
considered for this review. Non-systemat-
ic literature reviews were excluded. Only
guidelines published in the last 10 years
and systematic reviews published in the
last 5 years were considered. Where a
guideline had been updated, only the latest
version was considered.
Any intervention primarily for the man-

agement of TMD was considered. These
included self-management, physical ther-
apy, psychological therapy, pharmaco-
therapy, splint therapy, occlusal
adjustment, prosthodontic therapy, ortho-
dontic treatment, and surgical therapy.
Any clinical or patient-related outcome

measure was considered. These included
but were not limited to the following: pain
intensity, maximum mouth opening, pain
pressure threshold, range of mandibular
movement, muscle activity, diet score, re-
currence rate, and oral health-related quali-
ty of life. Reviews evaluating biochemical
or financial outcomes were excluded.
For the identification of articles to be

considered for this review, search terms

were developed based on subject knowl-
edge and MeSH terms, following consul-
tation with experts in the field. These were
applied in search strategies tailored to
each database: Cochrane Database of Sys-
tematic Reviews, Embase, MEDLINE,
PEDro, and PubMed (see Supplementary
Material Fig. S1). The search results were
filtered by publication type for systematic
reviews and guidelines only.
The titles and abstracts of all studies

were independently and systematically
screened by two reviewers (CT and
KG). The full texts of remaining articles
were assessed for eligibility against ex-
plicit inclusion and exclusion criteria, with
differences resolved by discussion and
input from the wider review team (JEG
and CH) where required.
The quality of all included systematic

reviews was assessed using the AMSTAR
2 checklist (Assessing the Methodological
Quality of Systematic Reviews). Rather
than using the checklist to assign each
review an overall score, the AMSTAR
checklist is designed to allow certain
domains greater or lesser weighting in
accordance with their overall impact on
review quality8. Each review was assigned
an AMSTAR grading of high, moderate,
low, or critically low quality by two
reviewers (CT and KG).
Systematic review and guideline details

were recorded in a table presenting the
characteristics of the included studies.
Study characteristics and outcomes data
were extracted using a pre-piloted form
designed for this purpose. Data were in-
dependently extracted by two reviewers
(CT and KG). Any disagreements on the
above were resolved by discussion with a
third author (JEG).
The following data were extracted from

systematic reviews: author, publication
year, population, intervention, compari-
son, included studies, results, author con-
clusions, AMSTAR grade. The following
data were extracted from guidelines: au-
thor, professional body, publication year,
intended setting, recommendations.
Data were analysed qualitatively due to

the heterogeneity of the included reviews.
Where no systematic reviews published in
the last 5 years were found regarding a
commonly discussed treatment option, a
literature search was conducted to locate
the most recent systematic review on this
topic.

Results

The initial search yielded 748 articles (577
systematic reviews, 171 guidelines) along-
side four additional articles identified
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through other sources (one systematic re-
view, three guidelines). The titles and
abstracts of 557 articles were screened
(425 systematic reviews, 132 guidelines),
and the full texts of 94 articles (81 sys-
tematic reviews, 13 guidelines) were
assessed for eligibility. Twenty-three arti-
cles were excluded (19 systematic
reviews, four guidelines) for one of the
following reasons: did not concern the
management of TMD, were not available
via King’s College London library elec-
tronic journal subscription, did not assess
clinical or patient-reported outcomes of
treatment, involved multiple orofacial
pain conditions from which data on
patients with TMD alone could not be
extracted, did not perform systematic lit-
erature search (Supplementary Material
Appendix 1 and Appendix 2). In total, 71
articles (62 systematic reviews, nine
guidelines) were included in the qualita-
tive synthesis. A flow diagram of the arti-
cle selection process is given in Fig. 1.

Description of included studies

In total, 62 systematic reviews on the
management of TMD were identified,
assessing self-management (n = 1), con-
servative management therapies or place-
bo therapy (n = 3), physical therapies (n =
18), occlusal splint therapy (n = 2),
prosthodontic therapy or occlusal adjust-
ment (n = 2), pharmacotherapies (n = 16),
and surgical therapies (n = 20). No sys-
tematic reviews investigating orthodontic
treatment or psychological therapies were
found. According to the AMSTAR check-
list, three reviews were considered of high
quality, 51 of moderate quality, two of low
quality, and six of critically low quality.
Thirty-eight reviews included only RCTs:
the largest included 52 RCTs, whilst the
smallest included one. The average num-
ber of included RCTs was 13. The remain-
ing 24 reviews included non-randomized
controlled trials, prospective or retrospec-
tive cohort studies, case series, or case

reports alongside any available RCTs.
Thirty reviews included meta-analysis.
Data extracted from the systematic
reviews can be found in the Supplemen-
tary Material Appendix 3.
Nine guidelines concerning the man-

agement of TMD were identified. Six
guidelines addressed all treatment modal-
ities for TMD, one guideline focused on
pharmacological management, one fo-
cused on alternative therapies, and one
focused on total replacement of the
TMJ. Guidelines were published by
RCSEng5, the National Institute for Health
and Care Excellence (NICE)9,10, the Royal
College of Dental Surgeons of Ontario
(RCDSO)11,12, the American Association
for Dental Research13, and the Toward
Optimized Practice Headache Working
Group14. Guidelines were also published
following literature review by Rajapakse
et al.15 and Kim et al.16.
The findings from this literature search

have been grouped by treatment modality
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and reported in order of increasing inva-
siveness. The recommendations from the
guidelines have been described, highlight-
ing any inconsistencies. Against this, the
consensus of recent systematic reviews
has been outlined. Finally, recommenda-
tions for a change in guidance in light of
emerging evidence have been made.

Self-management

Two guidelines and one systematic review
specifically concern patient-directed man-
agement techniques for TMD. Early self-
management of symptoms is strongly
recommended by RCSEng5 and NICE10.
This involves giving reassurance and a
clear explanation of the fluctuating nature
of TMD, as well as motivating the patient
to take responsibility for engaging in self-
management techniques. Patients should
be encouraged to eat a soft diet, rest the
jaw, avoid parafunctional activities, con-
sider the short-term use of simple analge-
sics, consider localized application of heat
or cold, massage the affected muscles, and
reduce lifestyle stress5,10.
One high quality systematic review by

Aggarwal et al.17 comparing self-manage-
ment for TMD against usual treatment,
reported evidence from 11 RCTs on the
use of various self-management techni-
ques for chronic TMD, including physical
self-regulation, psychosocial self-regula-
tion, and education. Meta-analyses
revealed significant improvements in
long-term pain and long-term depression
with self-management compared to usual
care. The authors concluded with high
certainty that there was strong evidence
to support the use of these self-manage-
ment techniques for patients with chronic
TMD17.
Against these findings, this review sup-

ports the continued recommendation of
simple self-management techniques for
the initial management of TMD.

Conservative management

Six guidelines and 23 systematic reviews
regarding the conservative management of
TMD, including physical therapy, psycho-
logical therapy, and splint therapy, were
identified. Pharmacological therapy was
considered separately. Of these, four
guidelines and three systematic reviews
considered conservative measures collec-
tively, or in general, for the management
of TMD.
Alongside self-management, reversible,

non-invasive management strategies are
recommended as first-line treatment for
TMD by RCSEng5, NICE10, and

RCDSO11. These include physical thera-
pies, simple pharmacotherapies, occlusal
splint therapy, and psychological interven-
tions. A statement from the American As-
sociation for Dental Research13 strongly
supports this approach, recommending con-
servative, reversible treatment modalities in
combination with self-management.
Two moderate quality systematic

reviews considered the efficacy of conser-
vative treatment, including physical ther-
apy, CBT, and splint therapy, in managing
otological signs and symptoms of TMD.
Both reviews acknowledged the limited
quality of available evidence, with Stech-
man-Neto et al.18 unable to reach defini-
tive conclusions regarding the effect of
conservative management on otological
signs and symptoms. Michiels et al.19 con-
cluded there was low quality evidence to
suggest that conservative management
was beneficial for relieving tinnitus, with
a combination of splint therapy and exer-
cise treatment being the most highly in-
vestigated approach.
Porporatti et al.20 conducted a moderate

quality systematic review on the effect of
the placebo response on TMD-related
pain. After qualitative and quantitative
analysis of 42 RCTs, the authors conclud-
ed that the placebo response may be re-
sponsible for 10–75% of pain relief, with
laser acupuncture, avocado soya bean ex-
tract, and amitriptyline promoting the
highest placebo effects.
In summary, the present findings sup-

port the continued recommendation of
utilizing a range of conservative therapies
in the first-line management of TMD.

Physical therapy

Five guidelines and 18 systematic reviews
were identified regarding the use of physi-
cal therapy. Of these, four guidelines and
nine systematic reviews concerned phy-
siotherapies such as exercise therapy,
manual therapy, and oral myofunctional
therapy. Four guidelines and nine system-
atic reviews concerned alternative thera-
pies such as acupuncture, transcutaneous
electrical nerve stimulation (TENS), and
low-level laser therapy (LLLT).
Physical therapeutic interventions

aimed at reducing or correcting muscle
activity and improving joint function are
strongly recommended by RCSEng5,
NICE10, and RCDSO11. Guidelines on
primary care management of headache
in adults from the Toward Optimized
Practice Headache Working Group14 also
recommend a therapeutic exercise pro-
gramme based on assessment by a thera-
pist or specialist in TMD. RCSEng5

outlines simple isometric tension and co-
ordination training exercises for self-di-
rected use at home, whilst recommending
physiotherapy for certain cases, especially
those with cervical muscular pain. NICE10

recommends referral to physiotherapy if
deemed appropriate for advice on passive
jaw stretching exercises, posture training,
and massage. A recommendation is made
by RCSEng5 on the basis that some short-
term benefit may be achieved, especially
in acute cases, however symptomatic re-
lief may not be sustained long-term. No
technique is recommended, although it is
noted that most are exercise-based.
Paco et al.21 conducted a moderate quali-

ty systematic review on the efficacy of
physiotherapy, including manual therapy,
exercise therapy, and oral myofunctional
therapy, for the management of TMD.
Meta-analyses revealed significant im-
provement in pain and active jaw opening
with physiotherapy compared to control
therapies, although no significant differ-
ence in passive jaw opening, range of man-
dibular movement, or mandibular function
impairment questionnaire score was found.
The authors concluded that the limited evi-
dence available indicated that physiothera-
py interventions were more effective than
sham treatment and other treatment modal-
ities for the management of TMD.
The efficacy of exercise therapy for

managing TMD was investigated in a
moderate quality systematic review by
Dickerson et al.22. Meta-analysis revealed
significant improvement in range of man-
dibular motion with exercise therapy com-
pared to other interventions of placebo
therapy. Improvement in pain and func-
tion was also seen, although this did not
reach statistical significance.
A moderate quality systematic review

on the efficacy of oral myofunctional ther-
apy was conducted by Melis et al.23. The
authors concluded that with only four low
quality RCTs included, the evidence re-
garding any benefit in pain, otological
symptoms, and tenderness of muscles on
palpation was low; however oral myo-
functional therapy appeared to be effec-
tive in managing TMD symptoms.
Against these findings, this review sup-

ports the continued recommendation of
physical therapies, including oral manual
therapy and exercise therapies, for the
initial management of TMD.

Manual therapy

Six moderate quality systematic reviews
specifically investigating manual therapy
for the management of TMD were identi-
fied. Whilst one review was unable to
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reach a definitive conclusion24, five
reviews agreed that manual therapy was
beneficial for managing symptoms of
TMD25–27, with two reviews finding great-
er efficacy with manual therapy than with
other conservative therapies28,29.
Armijo-Olivo et al.26 and Calixtre

et al.27 found favourable effects with man-
ual therapy for various outcomes includ-
ing pain, maximum mouth opening,
maximum pain-free opening, and pain
pressure threshold of masticatory muscles.
However, both found no clear advantage
for manual therapy over other manage-
ment options. This was reflected in the
findings from de Melo et al.24, who were
unable to reach conclusive inferences due
to the heterogeneity of the data.
Two reviews specifically investigated

the effect of manual therapy applied to
the cervical spine. Meta-analysis of three
RCTs by La Touche et al.28 found signifi-
cant pain reduction and improvement in
masseter pain pressure threshold in the
short term with cervical manual therapy
compared to other or no intervention. Case
studies reviewed by Adelizzi et al.25 sup-
ported these findings.
Based on these findings, this review

supports the continued recommendation
of physiotherapy including manual thera-
py, exercise therapy, and myofunctional
therapy for the initial management of
TMD as part of a multi-modal, conserva-
tive approach. The therapy protocol
should be planned on a case-by-case basis
by the physiotherapy team.

Alternative therapies

RCDSO11 outlines a number of alternative
therapies that can be undertaken for TMD
management by an appropriate healthcare
professional. These include acupuncture,
TENS, low-intensity laser therapy, and
ultrasound therapy. The latter two are
recommended on the basis of a potential
for pain reduction and improvement in
mobility, facilitating engagement with
jaw exercises. Based on some supportive
evidence for acupuncture in the manage-
ment of myogenous TMD, RCSEng5 and
NICE10 recommend directing patients to
acupuncture through their general medical
practitioner if indicated. Clinical practice
guidelines on the use of traditional Korean
medicine for TMD recommend the use of
acupuncture, laser acupuncture, herbal
medicine, manual therapy, exercise thera-
py, an intra-oral balancing device, and
Korean medicine physiotherapy based
on low to moderate quality evidence16.
Zhang et al.30 conducted a moderate

quality systematic review on hypnosis

and relaxation therapy for TMD, identi-
fying three low quality RCTs. The
authors found a beneficial effect with
these interventions for maximum pain
and active maximum mouth opening.
However, meta-analysis revealed no sig-
nificant reduction in pain with hypnosis
or relaxation therapy compared to no or
minimal treatment.
Fertout et al.31 conducted a critically

low quality systematic review on the effi-
cacy of TENS therapy for TMD. The
authors found significant improvement
from baseline in pain, mouth opening,
and inter-occlusal space at rest, although
the included studies were not assessed for
risk of bias. Despite the low level of
evidence available, Fertout et al.31 con-
cluded that TENS could be considered an
effective management option for TMD.
Against these findings, further high

quality research evidence of benefit would
be required before hypnosis and relaxation
therapy or TENS can be recommended for
the management of TMD.

Acupuncture and dry needling

A moderate quality systematic review on
acupuncture for myogenic TMD was con-
ducted by Tesch et al.32, including two
high quality and two low quality RCTs.
Following qualitative synthesis, the
authors concluded that significant relief
of TMD-related pain with acupuncture
was demonstrated with the limited evi-
dence available; however, they suggested
that further RCTs were needed before
acupuncture can be recommended as an
alternative therapy.
Two moderate quality systematic

reviews assessed the efficacy of dry nee-
dling for TMD of myogenic origin. Meta-
analyses in both found a significant in-
crease in pain pressure threshold with dry
needling compared to sham therapy, pla-
cebo, or other interventions32,33. Vier
et al.33 found no significant difference
regarding the change in pain intensity
and pain-free maximum mouth opening
in groups treated with dry needling and
sham therapy. However, very low quality
evidence showed that dry needling signif-
icantly improved pain intensity compared
to other interventions in the short term,
although the effect size was small. Over-
all, both authors agreed that dry needling
resulted in improved outcomes for myo-
genic TMD, although strong conclusions
could not be drawn32,33.
Overall, the evidence to support acu-

puncture for the management of TMD
remains limited. Although the present re-
view supports the continued recommenda-

tion of acupuncture for TMD before
considering more invasive measures on
a case-by-case basis, further research is
needed before acupuncture can be widely
recommended.

Low-level laser therapy

The systematic search identified four sys-
tematic reviews on the use of LLLT for
TMD. Three moderate quality reviews
agreed that based on the limited evidence
available, LLLT appeared to be effective
for reducing pain and improving function
for patients with any TMD type34–36. One
low quality review concluded that LLLT
was not a valid treatment for TMD37.
Meta-analyses by Xu et al.36 and Munguia

et al.34 found statistically significant pain
reduction with LLLT compared to placebo
in the short term, although Xu et al.36 found
this was not reflected at long-term follow-up.
In addition, Tuner et al.35 found that the
majority of included clinical trials demon-
strated LLLT to be effective for pain reduc-
tion compared with placebo.
Meta-analyses by Xu et al.36 also

revealed statistically significant improve-
ment in TMJ function with LLLT com-
pared to placebo, specifically in the
domains of maximum active and passive
vertical opening and lateral and protrusive
excursion. Munguia et al.34 also found a
statistically significant improvement in
inter-incisal opening with LLLT at 1
month of follow-up, although this was
not seen immediately post-treatment. A
minority of clinical trials identified by
Tuner et al.35 showed improvement in
mandibular movement with LLLT com-
pared to placebo.
Finally, Doeuk et al.37 found that six of

eight included studies demonstrated LLLT
to have a significant beneficial effect;
however, due to the limited evidence
available they concluded that the manage-
ment of TMD with LLLT could not be
considered valid.
In summary, these findings highlight

emerging evidence that alternative thera-
pies such as LLLT may be of some benefit
for the management of TMD and should
not be disqualified when exploring options
for the non-invasive management of
symptoms. However, further high quality
research is needed before LLLT can be
recommended as a treatment option.

Psychological therapy

Three guidelines concerning psychologi-
cal therapy for TMD were identified. Psy-
chological interventions, particularly
CBT, are strongly recommended as initial
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management by RCSEng5 for patients
with chronic TMD pain. The recommen-
dation is made on the basis that CBT is a
non-invasive treatment that has demon-
strated some long-term positive improve-
ment in TMD signs and symptoms.
NICE10 recommends referral to psycholo-
gy services for CBT in cases of marked
psychological distress or pain-related anx-
iety. Psychological treatment performed
by an appropriately trained professional,
including CBT, behavioural modification
therapy, and mindfulness, is also recom-
mended by RCDSO11.
The systematic literature search did not

identify any systematic reviews concern-
ing psychological therapy for the manage-
ment of TMD published in the past 5
years. Although later withdrawn, a
Cochrane review by Aggarwal et al.38

concluded that there was weak evidence
to support the use of psychosocial inter-
ventions for TMD. A later systematic
review by Liu et al.39 regarding CBT in
particular, concluded that there was insuf-
ficient evidence to strongly recommend
this for the management of TMD over
other interventions.
In summary, the evidence to support the

use of psychological therapies for TMD
management is limited. Against these
findings, the present review supports the
continued recommendation of psycholog-
ical therapy in cases where underlying
psychological factors are thought to play
a role in the disease process. However,
although simple self-directed therapies
may be of benefit, further contemporary
research is needed before specialist-led
psychological therapies are routinely
recommended for the initial management
of TMD.

Splint therapy

Three guidelines and two systematic
reviews regarding the use of splint therapy
for TMD were identified. NICE10 recom-
mends consideration of night-time use of
an occlusal splint for patients with paraf-
unctional habits. RCSEng5 outlines that
splints are provided for TMD patients
primarily for providing biofeedback to
reduce parafunction and protect dental
tissue from wear; however the risk of
encouraging hyper-vigilance is also out-
lined. The Nociceptive Trigeminal Inhibi-
tion Tension Suppression System is not
routinely recommended by RCSEng5, ex-
cept in cases of acute myofascial pain with
limited mouth opening, where it may be
considered as an emergency appliance.
RCDSO11 cautions against the use of par-

tial coverage appliances due to the risk of
overeruption or aspiration.
Two systematic reviews investigating

the use of splint therapy for the manage-
ment of TMD were identified40,41. A high
quality systematic review of 52 RCTs by
Riley et al.40 compared the use of any
splint therapy for TMD with any other
therapy. Fifty RCTs were assessed as be-
ing at high risk of bias, with the remaining
two trials considered to have an unclear
risk of bias. Meta-analyses revealed that
compared to no treatment or minimal in-
tervention, splint therapy was not associ-
ated with any significant improvement in
pain, TMJ click, maximum mouth open-
ing, or quality of life at any follow-up
period up to 12 months. Similar results
regarding improvement in TMJ click and
maximum mouth opening were found be-
tween groups treated with either splint
therapy or control splint, although there
was a statistically significant improvement
in pain at 0–3 months in the splint therapy
group. Overall, the authors concluded that
the low quality evidence available provid-
ed no suggestion that splints improved any
outcomes associated with TMD.
A moderate quality systematic review

by Nagori et al.41 compared the use of
postoperative splint therapy after arthro-
centesis against arthrocentesis alone. The
authors concluded that there was weak
evidence to suggest that splint therapy
may not improve outcomes after arthro-
centesis.
In summary, the above evidence finds

that there is no clear evidence to support
the use of occlusal splints in the manage-
ment of TMD. Therefore, unless strong
evidence of the efficacy of occlusal splints
emerges, the present review recommends
that in contrast to current guidance, occlu-
sal splint therapy should not be used in the
routine management of TMD.

Prosthodontic or occlusal treatment

Two guidelines and two systematic
reviews concerning prosthodontic therapy
or occlusal adjustment for TMD were
identified. Although NICE10 guidelines
recommend consideration of referral to a
dentist if suspected malocclusion or a
dental pathology is thought to be associ-
ated with TMD, RCSEng5 states that there
is no evidence to support occlusal adjust-
ment for the management of TMD. Cer-
tain exceptional cases are outlined,
including adjustment of an acute occlusal
change causing new TMD symptoms, ex-
traction of a tooth to allow fitting of an
occlusal splint, and minor adjustment of
occlusal interferences after successful

treatment with a stabilization splint.
Prosthodontic reconstruction is not recom-
mended as primary treatment for TMD
due to the lack of supporting evidence.
Two critically low quality systematic

reviews on prosthodontic or occlusal treat-
ment for TMD were found. In both
reviews, no studies were found that fully
satisfied the inclusion criteria. Both
authors therefore concluded that due to
the lack of evidence to support the use
of prosthodontic or occlusal treatment for
TMD, these are not acceptable as manage-
ment strategies42,43.
Given these findings, this review sup-

ports the continued recommendation
against the routine use of prosthodontic
therapy or occlusal adjustment for the
management of TMD.

Orthodontic treatment

Both RCSEng5 and RCDSO11 do not rec-
ommend the use of orthodontic treatment
to manage TMD due to the lack of evi-
dence to support its efficacy.
The systematic literature search did not

identify any systematic reviews concern-
ing orthodontic treatment for the manage-
ment of TMD published in the past 5
years. A systematic review by Luther
et al.44 on this subject found no relevant
studies for inclusion, therefore the authors
concluded that there was insufficient evi-
dence to support this practice.
Against this finding, this review sup-

ports the continued recommendation
against the use of orthodontic treatment
for the management of TMD.

Pharmacotherapy

Three guidelines and 16 systematic
reviews concerning pharmacotherapy for
TMD were identified. Of these, three sys-
tematic reviews concerned topical or oral
pharmacotherapeutics, six concerned
intra-articular injections, and seven con-
cerned intra-muscular injections.
For the primary care setting, RCSEng5

and NICE10 recommend short courses of
NSAIDs such as ibuprofen used in a step-
wise manner, with paracetamol for pain
relief in acute onset TMD. Short courses
of topical treatments, including ibuprofen
gel, are also recommended for myofascial
TMD. Both guidelines also recommend
the short-term use of benzodiazepines,
such as diazepam, for the relief of acute
myogenous TMD with limited opening.
For further management of chronic

TMD, RCSEng5 outlines a number of
pharmacological interventions currently
used. However, the evidence to support
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their use is far below the standard required
for validated clinical practice, therefore
the majority of pharmacotherapeutics are
used unlicensed for TMD. Low-dose
TCAs may be used for chronic TMD
unmanaged by conservative therapy.
Gabapentin may be used for myofascial
TMD, and propranolol may be used for
myofascial TMD with or without arthral-
gia. These medications are also outlined in
guidance from RCDSO11,12, with the ad-
ditional recommendation of muscle relax-
ants such as cyclobenzaprine,
orphenadrine, tizanidine, or methocarba-
mol for myofascial pain related to noctur-
nal parafunction. The guidelines caution
that opioids are rarely indicated12.
Häggman-Henrikson et al.45 conducted

a moderate quality systematic review on
the efficacy of any pharmacological treat-
ment for the management of adults with
chronic TMD. Twenty-four RCTs on
patients with arthrogenic and myogenic
TMD were included, comparing a number
of pharmacotherapies including NSAIDs,
propranolol, cyclobenzaprine, clonaze-
pam, granisetron, intra-articular sodium
hyaluronate or corticosteroid, intra-mus-
cular botulinum toxin, and topical ‘Ping-
On’. The qualitative synthesis suggested
that NSAIDs and intra-articular injection
of corticosteroid or hyaluronate were ef-
fective for the relief of pain from arthro-
genic TMD. Cyclobenzaprine also
appeared to provide effective pain relief
for myogenic TMD. However, the evi-
dence was limited due to the small number
of available studies on each drug.
A moderate quality systematic review

comparing the use of NSAIDs with any
other conservative therapy was conducted
by Kulkarni et al.46. Eleven RCTs were
identified, evaluating a number of
NSAIDs including ibuprofen, topical
and oral diclofenac sodium, naproxen,
and celecoxib. Following qualitative syn-
thesis, the authors concluded that there
was some evidence to suggest that
NSAIDs are beneficial for relieving pain
and improving mouth opening in patients
with TMD. Topical administration
appeared to show similar efficacy to oral
administration without the risk of gastro-
intestinal side effects. However, there was
insufficient evidence to identify the opti-
mal type, dosage, and duration of NSAID
for the management of TMD.
Melo et al.47 conducted a moderate

quality systematic review on the use of
oral glucosamine supplements for the
management TMJ osteoarthritis. The qual-
itative synthesis of three RCTs revealed
comparable efficacy of glucosamine sup-
plements with ibuprofen at 12 weeks,

however no advantage over placebo at 6
weeks. Due to the low level of evidence
available, the authors advised that findings
must be interpreted with caution.
No systematic reviews published in the

last 5 years regarding the use of TCAs
was found. The most recent review on
this topic identified was published in
2009. The authors concluded that there
was weak evidence in favour of using
TCAs for the management of TMD; how-
ever, further high quality research was
needed48.
Based on these findings, this review

supports the continued recommendation
of simple analgesics, including paraceta-
mol and ibuprofen, for the initial manage-
ment of both myogenous and arthrogenous
TMD as part of a multi-modal, conserva-
tive approach. Further research regarding
the efficacy of TCAs, benzodiazepines,
and other muscle relaxants is needed be-
fore recommendations can be made.

Intra-articular injection

According to RCSEng5 guidelines, intra-
articular corticosteroid injection can be
used to manage inflammation in arthritic
TMD. However, the College warns that
the efficacy of corticosteroid injection is
unclear, and use should be limited due to
the risk of condylar lysis. The guidelines
also outline the use of intra-articular HA
for TMJ osteoarthritis, although the evi-
dence to support this remains low.
Five moderate quality systematic

reviews investigated the efficacy of
intra-articular injection of corticosteroid
or HA, either alone or in combination with
arthrocentesis. Reviews included RCTs on
the management of patients with TMJ
osteoarthritis, rheumatoid arthritis, and
internal derangement.
Liu et al.49 compared patients treated

with combined arthrocentesis and cortico-
steroid injection and arthrocentesis alone.
No significant difference was found be-
tween the groups in terms of pain intensity
and maximum incisal opening in the short
term; however significant improvements
in these outcomes were found in the cor-
ticosteroid group at long-term follow-up.
No clear consensus was found by Davoudi
et al.50, with the authors concluding that
corticosteroid use during arthrocentesis
showed no clear superiority over other
treatment regimes.
When comparing patients treated with

sodium hyaluronate injection to patients
receiving placebo therapy, Moldez et al.51

found no significant difference in the num-
ber of patients with a reported improve-
ment in symptoms, although there was a

significant improvement in mandibular
function with sodium hyaluronate. A qual-
itative synthesis by Ferreira et al.52

showed some efficacy in pain relief with
HA injection, although there was no clear
advantage for combined arthrocentesis
and HA over arthrocentesis alone.
Meta-analyses by Liu et al.49 and Mol-

dez et al.51 found no significant difference
between the groups treated with intra-ar-
ticular corticosteroid versus HA in terms
of reduction in pain intensity, improve-
ment in maximum mouth opening, and
number of patients with a reported im-
provement in symptoms. These findings
were supported by the qualitative synthe-
sis of Goiato et al.53, although Ferreira
et al.52 found mixed results. No significant
difference between groups was found re-
garding the incidence of adverse events49.
Overall, all five reviews agreed that the

level of available evidence was low and
lacking in consensus on the management
of arthrogenous TMD including TMJ os-
teoarthritis, rheumatoid arthritis, and in-
ternal derangement. Two reviews
concluded that corticosteroid injection of-
fered no clear advantage over other thera-
peutic drugs during arthrocentesis50,
although Liu et al.49 found corticosteroid
injection alone appeared to be effective for
long-term symptomatic relief. Three
reviews concluded that the use of HA
alone appeared to provide some benefit
for symptomatic relief of arthrogenic
TMD51–53; however HA combined with
arthrocentesis was not superior to arthro-
centesis alone52. No clear difference in
efficacy was found between the use of
HA and corticosteroid49,51,53.
Nagori et al.54 conducted a moderate

quality systematic review on the use of
dextrose prolotherapy for the management
of TMJ hypermobility. Meta-analysis of
three RCTs showed significant improve-
ment in pain intensity with dextrose pro-
lotherapy compared to placebo, however
no significant difference in maximum
mouth opening or frequency of luxation
was seen between the groups. The authors
were unable to reach definitive conclu-
sions due to the limited amount of avail-
able evidence.
In summary, the findings of the present

review support the use of intra-articular
HA injection for the management of
arthrogenic TMD including TMJ osteoar-
thritis, rheumatoid arthritis, and internal
derangement. Corticosteroid injection
should be considered with caution on a
case-by-case basis if more conservative
measures have failed. Further research
on dextrose prolotherapy for the manage-
ment of TMJ hypermobility must be con-
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ducted before recommendations can be
made.

Intramuscular injection

RCSEng5 outlines the use of intra-muscu-
lar injection of local anaesthetic of botu-
linum toxin for TMD, particularly for
recurrent dislocation. However, the evi-
dence to support these treatments was low.
More recent guidelines from RCDSO11

recommend the use of botulinum toxin
for myospasm or muscle hyperactivity-
related myalgia when conservative treat-
ments fail to resolve symptoms.
Six systematic reviews comparing the

use of intra-muscular botulinum toxin in-
jection with other interventions, placebo,
or no intervention were found. One review
was considered high quality, two were
moderate quality, one was low quality,
and two were critically low quality. The
majority of reviews focused on TMD of
myofascial origin.
Meta-analysis by Machado et al.55

revealed significant improvement in pain
intensity with botulinum toxin injection
compared to placebo at 1 month, although
this was not seen at 3 or 6 months. Find-
ings of Patel et al.56 appear to support this,
with the majority of included studies
reporting greater pain reduction in botu-
linum toxin groups than control groups.
However, the qualitative synthesis by
Awan et al.57, Chen et al.58, and Thambar
et al.59 showed a lack of clear consensus
regarding the efficacy of botulinum toxin
for pain reduction. Serrera-Figallo et al.60

included one RCT in their systematic re-
view. Effective pain reduction was found
with both botulinum toxin and LLLT,
although the effect was greater with
LLLT.
Meta-analysis by Machado et al.55

found no significant difference in maxi-
mum mouth opening between groups trea-
ted with botulinum toxin injection
compared to placebo groups. The qualita-
tive syntheses by Patel et al.56 and Chen
et al.58 appear largely to support this.
However, findings regarding maximum
mouth opening by Awan et al.57 and
Thambar et al.59 are largely equivocal,
with no clear consensus shown.
Overall, four reviews were equivocal or

unable to reach definitive conclusions55,57-
–59

, whilst Patel et al.
56 and Serrera-Figallo

et al.60 supported the use of botulinum
toxin for TMD of myofascial origin.
Machado et al.61 conducted a moderate

quality systematic review on the use of dry
or wet needling, involving intra-muscular
injection of local anaesthetic, botulinum
toxin, corticosteroids, or other drugs for

myofascial pain. The authors concluded
that although dry needling and local
anaesthetic injection appeared to show
some benefit regarding pain relief and
improvement in maximum mouth open-
ing, definitive conclusions could not be
drawn due to the poor quality of evidence
available.
In summary, against these findings, the

present review supports the continued rec-
ommendation of considering intra-muscu-
lar botulinum toxin for cases of myospasm
or muscle hyperactivity-related myalgia
when more conservative treatments fail.

Surgical therapy

Three guidelines and 21 systematic
reviews concerning the surgical manage-
ment of TMD were identified. Of these,
one considered orthognathic surgery, six
considered minimally invasive surgery for
joint disorders, three considered platelet-
rich plasma (PRP) injection for TMJ os-
teoarthritis, three considered the manage-
ment of TMJ luxation, four considered the
management of TMJ ankylosis, and two
considered total joint replacement pros-
theses.
RCSEng5 does not recommend surgical

treatment for TMD patients with no func-
tional limitation. For patients with arthro-
genous TMD posing significant functional
limitation, arthrocentesis is recommended
as a first-line surgical measure. Little ben-
efit for arthroscopy over arthrocentesis
was found at the time of publication.
The guidelines outline a number of surgi-
cal procedures for the management of
recurrent TMJ dislocation, including au-
tologous blood injection, eminectomy,
eminoplasty, or down-fracture of the zy-
gomatic arch. Finally, both RCSEng5 and
NICE10 agree that total joint replacement
should only be considered in cases of end-
stage disease, for example rheumatoid
arthritis, where more conservative options
have failed. Guidance from RCDSO11

supports these positions, adding that
orthognathic surgery primarily for the
management of TMD is not recom-
mended.
Al-Moraissi et al.62 conducted a mod-

erate quality systematic review on the use
of orthognathic surgery for the manage-
ment of TMD. Twenty-nine studies on
patients undergoing sagittal split osteot-
omy, intraoral vertical ramus osteotomy,
Le Fort I osteotomy, or combinations of
these were included. Overall, a statisti-
cally significant reduction in TMD after
orthognathic surgery was found. However,
a significant percentage of patients
showed no improvement or worsening

symptoms, with some previously asymp-
tomatic patients developing post-surgical
TMD. As a result, the authors concluded
that there was insufficient evidence to
suggest that surgery would predictably
improve symptoms of TMD.
Based on this finding, this review sup-

ports the recommendation against the use
of orthognathic surgery primarily for the
management of TMD.

Minimally invasive surgery

Two moderate quality systematic reviews
compared the efficacy of TMJ arthrocent-
esis and/or arthroscopy with non-surgical
treatment for the management of arthro-
genous TMD, including disc displacement
without reduction. Meta-analyses from
both reviews found statistically significant
improvement in pain intensity with lavage
compared to non-surgical treatment at 3
and 6 months. However, both reviews
found no statistically significant differ-
ence in mouth opening between the groups
at any review period up to 6 months. Both
authors concluded that the current evi-
dence did not show any advantage for
TMJ lavage over non-surgical treatment;
therefore, it is clear that conservative mea-
sures should be considered before invasive
measures are employed63,64.
A moderate quality systematic review

by Al-Moraissi65 compared the efficacy of
arthrocentesis and arthroscopy for the
management of anchored disc phenome-
non, closed lock, anterior disc displace-
ment with or without reduction, capsulitis,
synovitis, and internal derangement.
Meta-analyses showed statistically signif-
icant improvements in pain and maximum
inter-incisal opening with arthroscopy
compared to arthrocentesis. No significant
difference in incidence of postoperative
complications was found between the
groups. The authors concluded that al-
though the current evidence was limited,
arthroscopic lysis and lavage appeared to
have greater efficacy over arthrocentesis
in the management of arthrogenic TMD.
Al-Moraissi66 also conducted a moder-

ate quality systematic review comparing
the efficacy of arthroscopic lysis and la-
vage with arthroscopic surgery, including
electrocautery of the pterygoid ligament,
myotomy of the lateral pterygoid muscle,
motor debridement, and disc suturing, for
internal derangement. Patients with an-
chored disc phenomenon, disc displace-
ment with reduction, painful click, and
closed lock were included. Meta-analyses
revealed significant improvements in pain
and maximum inter-incisal opening with
arthroscopic surgery compared to arthro-
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scopic lysis and lavage. The sample sizes
of these analyses were small, ranging from
113 to 250 participants.
In the same review, Al-Moraissi66 com-

pared the efficacy of arthroscopic surgery,
including the procedures previously de-
tailed, with open surgery, including dis-
cectomy, meniscoplasty, high
condylectomy, disc repositioning, repair
of perforation, and arthroplasty for the
management of internal derangement. Af-
ter meta-analysis, the authors concluded
that open surgery was more effective at
reducing pain at up to 5 years postopera-
tive than arthroscopic surgery for patients
with internal derangement. However, out-
comes for maximum inter-incisal opening,
jaw function, and other clinical findings
were similar. It should be noted that sam-
ple sizes of these analyses were small,
ranging from 66 to 104 participants.
The most recent systematic review by

Al-Moraissi et al.67 ranked the efficacy of
all management options for arthrogenous
TMD, both surgical and non-surgical. The
authors found that there was very low to
moderate quality evidence to suggest that
intra-articular injection of corticosteroid
and HA, arthrocentesis with HA or corti-
costeroid, and arthroscopy alone or with
PRP or HA provided significant pain relief
or improvement in maximum mouth open-
ing compared to placebo in the short and
intermediate term. The very low to mod-
erate quality evidence available did not
suggest that conservative treatment or
physical therapy provided effective symp-
tomatic relief of arthrogenous TMD.
Therefore, contrary to previous findings
by Bouchard et al.63 and Fakhry and Abd-
Elwahab Radi64, the authors concluded
that new evidence indicated that minimal-
ly invasive procedures, particularly in
combination with pharmacological adju-
vants, were significantly more effective at
managing arthrogenous TMD than conser-
vative treatments. Minimally invasive
procedures should therefore be considered
as a first-line treatment, or considered
early in the management process if
patients do not show clear improvement
with conservative treatment.
In a moderate quality systematic re-

view, Nagori et al.68 compared the out-
comes of single puncture arthrocentesis
with standard double-needle arthrocent-
esis for patients with anchored disc phe-
nomenon, closed lock, anterior disc
displacement with or without reduction,
capsulitis, synovitis, and internal derange-
ment. The qualitative synthesis of five
RCTs showed comparable reduction in
pain and improvement in maximum mouth
opening between the two techniques, with

no significant difference in ease of opera-
tion or operating time.
Based on the above findings, this review

recommends the early consideration of
arthrocentesis or arthroscopy for cases
of arthrogenous TMD, particularly inter-
nal derangement, when initial conserva-
tive therapy has provided no benefit. The
use of pharmacological adjuvants should
be considered on a case-by-case basis.

Platelet-rich plasma injection

None of the included guidelines made
reference to the use of PRP injection for
the management of TMD.
Three moderate quality systematic

reviews investigated the efficacy of PRP
injection alone or in combination with
arthrocentesis or arthroscopy for the man-
agement of TMJ osteoarthritis. Meta-anal-
yses by Chung et al.69 and Haigler et al.70

found a significant improvement in pain
reduction with PRP injection compared to
HA or saline injection or no injection.
Both authors found no significant differ-
ence in the improvement of maximum
mouth opening between the groups. The
qualitative synthesis by Bousnaki et al.71

appears to support these findings.
Overall, only Chung et al.69 conclusive-

ly determined that PRP injection was an
effective adjuvant to arthrocentesis or ar-
throscopy for pain reduction in TMJ oste-
oarthritis. Haigler et al.70 and Bousnaki
et al.71 agreed that although favourable
results were obtained with PRP injection,
further high quality trials were needed
before definitive conclusions could be
made.
In summary, based on the above evi-

dence this review indicates the need for
further high quality research on the effica-
cy of PRP injection for the management of
TMJ osteoarthritis before any recommen-
dations can be made.

Management of TMJ ankylosis

Four moderate quality systematic reviews
on the management of TMJ ankylosis
were identified. Reviews compared the
postoperative outcomes of various surgi-
cal techniques including gap arthroplasty,
interpositional gap arthroplasty, recon-
struction arthroplasty, distraction osteo-
genesis (DO), and alloplastic or
autogenous joint reconstruction. Most
studies evaluated were retrospective co-
hort studies or non-randomized clinical
trials72–75.
Three reviews considered the efficacy

of gap arthroplasty, interpositional gap
arthroplasty, and reconstruction arthro-

plasty in improving maximum incisal
opening and reducing the re-ankylosis
rate. Whilst all reviews showed benefits
with all three surgical options for these
outcomes73, Al-Moraissi et al.72 and Mit-
tal et al.75 found a significantly improved
maximum incisal opening and recurrence
rate with interpositional gap arthroplasty
compared to gap arthroplasty. When com-
paring interpositional gap arthroplasty
with reconstruction arthroplasty, two
reviews found no significant difference
in these outcomes between the two
groups74,75. Overall, De Roo et al.73 found
that all three surgical techniques were
comparably beneficial for improving max-
imum mouth opening, although recon-
struction arthroplasty produced the best
result. Mittal et al.75 compared the post-
operative outcomes from the use of autog-
enous or alloplastic reconstruction
materials. Whilst no significant difference
in maximum incisal opening or recurrence
rate was found in reconstruction arthro-
plasty, interpositional gap arthroplasty
with autogenous material resulted in a
significantly lower recurrence rate com-
pared with interpositional gap arthroplasty
with alloplastic material.
Only Mittal et al.75 examined the effi-

cacy of DO, finding significantly im-
proved maximum mouth opening with
DO compared to interpositional gap
arthroplasty or reconstruction arthro-
plasty. However, no significant difference
in the re-ankylosis rate was found.
Al-Moraissi et al.72 compared the effi-

cacy of TMJ reconstruction with alloplas-
tic or autogenous material. Analyses of
three studies showed a significant im-
provement in maximum inter-incisal
opening with the autogenous reconstruc-
tion compared to alloplastic reconstruc-
tion, however the opposite was seen with
regards to postoperative pain.
Overall, all reviews found the available

evidence was limited in quality and quan-
tity. De Roo et al.73 found that gap arthro-
plasty, interpositional gap arthroplasty,
and reconstruction arthroplasty produced
comparable improvements in maximum
mouth opening. Two reviews concluded
that gap arthroplasty resulted in poorer
outcomes compared to interpositional
gap arthroplasty or reconstruction arthro-
plasty72,75, with two reviews agreeing that
interpositional gap arthroplasty and recon-
struction arthroplasty produced compara-
ble outcomes74,75.
In summary, based on the above evi-

dence, this review supports the use of gap
arthroplasty, interpositional gap arthro-
plasty, or reconstruction arthroplasty for
the management of TMJ ankylosis. The
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choice of procedure should be made on a
case-by-case basis; however, particular
consideration in favour of interpositional
gap arthroplasty or reconstruction arthro-
plasty over gap arthroplasty should be
made.

Management of TMJ luxation

Three moderate quality systematic
reviews evaluated the efficacy of various
management options for TMJ luxation.
These included open surgeries such as
eminectomy, eminoplasty, down-fracture
of the zygomatic arch, glenotemporal
osteotomy of the zygomatic arch, electro-
thermal capsulorrhaphy, and disc plica-
tion, as well as the injection of
autologous blood, OK-432, or modified
dextrose into the joint space76–78.
Based on the qualitative synthesis of

eight RCTs, Abrahamsson et al.76 con-
cluded that from the highly limited avail-
able evidence, autologous blood injection
into the superior joint space and pericap-
sular tissues, in combination with inter-
maxillary fixation, received the strongest
support for reducing the recurrence of
TMJ luxation and improving inter-incisal
opening. A systematic review by Tocaciu
et al.78 supported these findings. The
authors concluded that the evidence sup-
ported the trial of injection of autologous
blood or modified dextrose to reduce the
recurrence of TMJ luxation.
Evidence from RCTs on surgical pro-

cedures for TMJ luxation is lacking. The
qualitative analysis of cohort studies, case
series, and case reports undertaken by
Tocaciu et al.78 and de Almeida et al.77

found no clear advantage for any surgical
procedure. Tocaciu et al.78 concluded that
disc plication, eminectomy, and emino-
plasty resulted in comparably high success
rates, therefore treatment decisions should
be made on a case-by-case basis. de
Almeida et al.77 noted that eminectomy
was often used as a ‘rescue procedure’ in
cases of post-surgical relapse, which may
indicate that surgeons empirically consid-
er this to be the optimal treatment for TMJ
luxation.
These findings support the consider-

ation of autologous blood injection into
the joint space for the management of TMJ
luxation, although further evidence is re-
quired. Surgical methods of managing
TMJ luxation should be determined on a
case-by-case basis.

TMJ replacement prostheses

Guidelines from NICE9 on total prosthetic
replacement of the TMJ outline that a

number of different prostheses are avail-
able for this procedure.
Two moderate quality systematic

reviews compared the outcomes produced
by the custom-made TMJ Concepts, stock
and custom-made Biomet, and stock and
custom-made Nexus total joint replace-
ment systems. Both reviews concluded
that all systems produced comparable
reductions in pain and increases in maxi-
mum inter-incisal opening79,80. Zou
et al.80 found no significant difference in
these outcomes between stock and cus-
tom-made prostheses of any system. Both
reviews compared diet score data for the
TMJ Concepts and Biomet systems only,
finding that the improvements in the two
systems were similar80.
In summary, the findings of the present

review recommend that the choice of pros-
thetic system used for TMJ replacement
continues to be made on a case-by-case
basis.

All treatment modalities

Song et al.81 conducted a critically low
quality review to investigate the effect of
any treatment modality on the oral health-
related quality of life of TMD patients.
The qualitative synthesis of one RCT and
four cohort studies revealed some benefi-
cial effects with orthodontic treatment
with or without orthognathic surgery, oc-
clusal splint therapy, arthrocentesis, ami-
triptyline, and CBT. However, due the
limited number of identified studies eval-
uating oral health-related quality of life,
the authors were unable to reach definitive
conclusions.

Discussion

Great variation exists in the methodology
of rapid reviews82. This review used the
methodology outlined by Khangura et al.7.
Like traditional systematic reviews, this
method maintained a rigorous systematic
approach towards the literature search,
article selection, and quality assessment
performed independently by two
reviewers. However, unlike traditional
systematic reviews, rapid reviews can ad-
dress broad research questions with broad
inclusion criteria in terms of population,
interventions, comparisons, outcomes,
and study designs7. Rather than focus on
a quantitative synthesis, the narrative syn-
thesis of results aims to provide a summa-
ry, as well as a sense of volume and
direction, of the available evidence7,82.
This approach is better suited for provid-
ing a summary of recent evidence on all
treatment modalities for all types of TMD.

In summary, the evidence from system-
atic reviews published in the past 5 years is
supportive of a staged multi-modal con-
servative approach towards the initial
management of TMD. First, simple self-
management techniques, alongside simple
analgesics and appropriate physiotherapy,
are non-invasive techniques that have
been shown to provide some benefit. Sec-
ond, emerging evidence on alternative
therapies shows that they may provide
some symptomatic relief; however, further
high quality research is required. Third,
there is a lack of evidence to support the
efficacy of occlusal splint therapy, occlu-
sal adjustment, or prosthodontic therapy,
therefore these approaches should not be
routinely recommended. Fourth, further
high quality evidence is required to better
understand the efficacy of oral pharma-
cotherapeutics for chronic TMD. Intra-
muscular or intra-articular
pharmacotherapeutics should only be con-
sidered if conservative methods fail. The
evidence reviewed supports the use of
intramuscular botulinum toxin in cases
of myospasm or muscle hyperactivity-re-
lated myalgia, as well as intra-articular
HA for the management of arthrogenic
TMD including TMJ osteoarthritis, rheu-
matoid arthritis, and internal derangement.
Corticosteroid injection for arthrogenic
TMD should be considered with caution
on a case-by-case basis. Fifth, the use of
arthrocentesis or arthroscopy has shown
benefits in cases of arthrogenous TMD
where conservative measures fail, and
should be considered as a first-line surgi-
cal measure for internal derangement. Fur-
ther high quality research on the efficacy
of PRP injection for the management of
TMJ osteoarthritis is needed before any
recommendations can be made. Sixth,
open joint surgery has shown benefit for
cases of severe arthrogenous disease. Sur-
gical methods for managing TMJ luxation
and TMJ ankylosis should be determined
on a case-by-case basis. Finally, the vast
majority of systematic reviews included
were of moderate quality, indicating that
they provided an accurate summary of the
studies included. The consensus of recent-
ly published guidance on the management
of TMD supports these findings, with all
guidelines favouring a multi-modal con-
servative approach towards initial man-
agement. More complex pharmaceutical
management should be reserved for cases
of chronic TMD that cannot be managed
with simpler initial therapy, whilst surgi-
cal therapy should be used only for severe
arthrogenous disease.
This rapid review collates 62 systematic

reviews on a large variety of different

1220 Tran et al.



 Management of temporomandibular disorders 1221

Fig. 2. Management pathway for temporomandibular disorders.



treatment modalities for TMD, making it
the largest review of its nature at the time
of publication. The most recent review of
systematic reviews was published in 2010
by List and Axelsson83, who included 38
systematic reviews on a variety of treat-
ment modalities for TMD. The analysis of
systematic reviews, rather than the prima-
ry literature, allows conclusions to be
made based on the largest and most reli-
able body of available evidence. This also
allows practitioners and guideline devel-
opers to gain a comprehensive view of the
consensus and quality of recent evidence.
The strengths of this review include its

use of a comprehensive search strategy
across five databases and rigorous study
selection, data extraction, and quality
assessment undertaken by two indepen-
dent reviewers. The research team con-
sisted of members from oral medicine,
oral and maxillofacial surgery, and dental
public health, providing a strong multi-
disciplinary approach to the synthesis of
the findings.
The pragmatic methodology of a rapid

review introduced some limitations7.The
exclusion of articles not in the English
language or unavailable through King’s
College London may have introduced
some bias to the review findings; however
the documents included covered a sub-
stantial breadth of relevant topics. Restric-
tion to a 5-year review period may have
excluded landmark systematic reviews
published since the last national guidelines
were released in 20135; however, this was
considered reasonable because of the de-
sire to include more recent research that
may not have been included in guidelines.
Moreover, an assessment of the percent-
age of primary studies cited in more than
one included systematic review was not
performed, which would have provided
additional insight into the level of overlap
between similar reviews.
The findings of this review are summa-

rized in a management pathway developed
for both primary and secondary care (see
Fig. 2). The aim of the proposed pathway
is to ensure consistent and evidence-based
management of TMD across all disci-
plines and encourage wider debate. Given
the relatively high prevalence of this con-
dition1, as well as the transient nature of
symptoms in acute cases, an emphasis has
been placed on the use of effective, non-
invasive initial management in primary
care. It is hoped that this will reduce the
volume of TMD referrals to secondary
care, allowing resources to be directed
towards the treatment of severe, chronic
TMD using more complex or invasive
techniques.

In terms of future research, further evi-
dence is needed to better inform manage-
ment strategies for chronic TMD,
particularly in the areas of pharmacother-
apy and surgical therapy. As the aetiology
of TMD is often a combination of various
biopsychosocial factors, further insight is
needed into how these play a role in
determining management decisions and
treatment success. The majority of studies
reviewed primarily assessed pain or max-
imum mouth opening to determine treat-
ment outcomes. However, due to the
biopsychosocial nature of TMD, the im-
pact of treatment can be more holistically
assessed using patient-reported outcome
measures. Future research should include
further assessment of outcomes such as
quality of life and functional limitation.
In conclusion, there is moderate evi-

dence to support a multi-modal conserva-
tive approach towards the initial
management of TMD. Non-invasive tech-
niques such as self-management, simple
analgesics, and physical therapy have
shown some benefit. Further research is
required to investigate emerging evidence
that alternative therapies provide some
symptomatic relief. There is a lack of
evidence to support the efficacy of occlu-
sal splint therapy, occlusal adjustment, or
prosthodontic therapy. The evidence sur-
rounding oral pharmacotherapeutics for
chronic TMD is low and requires further
development. However, there is low to
moderate quality evidence that intra-artic-
ular corticosteroid or hyaluronic acid for
arthrogenic TMD, or intra-muscular botu-
linum toxin for myogenic TMD may be
beneficial for selected cases of chronic
disease if conservative measures fail.
Moderate quality evidence shows that
the use of arthrocentesis or arthroscopy
has shown benefits in cases of arthrogen-
ous TMD where conservative measures
fail, whilst moderate quality evidence sup-
ports the use of open joint surgery for
severe arthrogenous disease. Consider-
ation of the aetiological factors of the
disorder must be made when determining
management strategies for chronic TMD.
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Túrcio KH, Dos Santos DM. Are intra-artic-

ular injections of hyaluronic acid effective

for the treatment of temporomandibular dis-

orders? A systematic review. Int J Oral

Maxillofac Surg 2016;45:1531–7.

54. Nagori SA, Jose A, Gopalakrishnan V, Roy

ID, Chattopadhyay PK, Roychoudhury A.

The efficacy of dextrose prolotherapy over

placebo for temporomandibular joint hy-

permobility: a systematic review and

meta-analysis. J Oral Rehabil

2018;45:998–1006.

55. Machado D, Martimbianco ALC, Bussadori

SK, Pacheco RL, Riera R, Santos EM. Botu-

linum toxin type A for painful temporoman-

dibular disorders: systematic review and

meta-analysis. J Pain 2019;21(3–4):281–93.

56. Patel J, Cardoso JA, Mehta S. A systematic

review of botulinum toxin in the manage-

ment of patients with temporomandibular

disorders and bruxism. Br Dent J

2019;226:667–72.

57. Awan KH, Patil S, Alamir AWH, Maddur N,

Arakeri G, Carrozzo M, Brennan PA. Botu-

linum toxin in the management of myofas-

cial pain associated with temporomandibular

dysfunction. J Oral Pathol Med

2019;48:192–200.

58. Chen YW, Chiu YW, Chen CY, Chuang SK.

Botulinum toxin therapy for temporoman-

dibular joint disorders: a systematic review

of randomized controlled trials. Int J Oral

Maxillofac Surg 2015;44:1018–26.

59. Thambar S, Kulkarni S, Armstrong S, Niko-

larakos D. Botulinum toxin in the manage-

ment of temporomandibular disorders: a

systematic review. Br J Oral Maxillofac Surg

2020;58:508–19.

60. Serrera-Figallo MA, Ruiz-de-León-Hernán-

dez G, Torres-Lagares D, Castro-Araya A,

Torres-Ferrerosa O, Hernández-Pacheco E,

Gutierrez-Perez JL. Use of botulinum toxin

in orofacial clinical practice. Toxins (Basel)

2020;12:112.

61. Machado E, Machado P, Wandscher VF,

Marchionatti AME, Zanatta FB, Kaizer

OB. A systematic review of different sub-

stance injection and dry needling for treat-

ment of temporomandibular myofascial

pain. Int J Oral Maxillofac Surg

2018;47:1420–32.

62. Al-Moraissi EA, Wolford LM, Perez D,

Laskin DM, Ellis 3rd E. Does orthognathic

surgery cause or cure temporomandibular

disorders? A systematic review and meta-

analysis. J Oral Maxillofac Surg

2017;75:1835–47.

63. Bouchard C, Goulet JP, El-Ouazzani M,

Turgeon AF. Temporomandibular lavage

versus nonsurgical treatments for temporo-

mandibular disorders: a systematic review

and meta-analysis. J Oral Maxillofac Surg

2017;75:1352–62.

64. Fakhry H, Abd-Elwahab Radi I. Limited

evidence suggests no benefit of temporo-

mandibular joint lavage over conservative

treatment for temporomandibular joint pain

and dysfunction. J Evid Based Dent Pract

2018;18:157–8.

65. Al-Moraissi EA. Arthroscopy versus arthro-

centesis in the management of internal de-

rangement of the temporomandibular joint: a

systematic review and meta-analysis. Int J

Oral Maxillofac Surg 2015;44:104–12.

66. Al-Moraissi EA. Open versus arthroscopic

surgery for the management of internal de-

rangement of the temporomandibular joint: a

meta-analysis of the literature. Int J Oral

Maxillofac Surg 2015;44:763–70.

67. Al-Moraissi EA, Wolford LM, Ellis EI, Neff

A. The hierarchy of different treatments for

arthrogenous temporomandibular disorders:

a network meta-analysis of randomized clin-

ical trials. J Craniomaxillofac Surg

2020;48:9–23.

68. Nagori SA, Roy Chowdhury SK, Thukral H,

Jose A, Roychoudhury A. Single puncture

versus standard double needle arthrocentesis

for the management of temporomandibular

joint disorders: a systematic review. J Oral

Rehabil 2018;45:810–8.

69. Chung PY, Lin MT, Chang HP. Effectiveness

of platelet-rich plasma injection in patients

with temporomandibular joint osteoarthritis:

a systematic review and meta-analysis of

randomized controlled trials. Oral Surg Oral

Med Oral Pathol Oral Radiol

2019;127:106–16.

70. Haigler MC, Abdulrehman E, Siddappa S,

Kishore R, Padilla M, Enciso R. Use of

platelet-rich plasma, platelet-rich growth

factor with arthrocentesis or arthroscopy to

treat temporomandibular joint osteoarthritis:

systematic review with meta-analyses. J Am

Dent Assoc 2018;149:940–52.

71. Bousnaki M, Bakopoulou A, Koidis P. Plate-

let-rich plasma for the therapeutic manage-

ment of temporomandibular joint disorders:

a systematic review. Int J Oral Maxillofac

Surg 2018;47:188–98.

72. Al-Moraissi EA, El-Sharkawy TM, Mounair

RM, El-Ghareeb TI. A systematic review

and meta-analysis of the clinical outcomes

for various surgical modalities in the man-

agement of temporomandibular joint anky-

losis. Int J Oral Maxillofac Surg

2015;44:470–82.

73. De Roo N, Van Doorne L, Troch A, Ver-

meersch H, Brusselaers N. Quantifying the

outcome of surgical treatment of temporo-

mandibular joint ankylosis: a systematic re-

view and meta-analysis. J Craniomaxillofac

Surg 2016;44:6–15.

74. Ma J, Jiang H, Liang L. Interpositional

arthroplasty versus reconstruction arthro-

plasty for temporomandibular joint ankylo-

sis: a systematic review and meta-analysis. J

Craniomaxillofac Surg 2015;43:1202–7.

75. Mittal N, Goyal M, Sardana D, Dua JS.

Outcomes of surgical management of TMJ

ankylosis: a systematic review and meta-

analysis. J Craniomaxillofac Surg

2019;47:1120–33.

1224 Tran et al.

http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0210
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0210
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0210
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0210
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0210
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0210
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0215
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0215
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0215
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0215
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0220
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0220
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0220
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0220
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0225
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0225
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0225
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0225
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0225
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0225
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0225
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0230
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0230
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0230
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0230
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0230
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0230
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0235
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0235
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0235
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0235
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0235
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0235
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0235
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0240
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0240
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0240
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0240
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0240
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0240
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0240
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0245
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0245
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0245
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0245
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0245
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0245
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0250
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0250
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0250
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0250
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0250
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0250
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0255
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0255
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0255
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0255
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0255
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0255
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0255
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0260
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0260
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0260
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0260
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0260
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0260
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0260
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0265
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0265
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0265
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0265
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0265
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0265
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0270
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0270
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0270
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0270
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0270
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0270
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0270
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0275
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0275
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0275
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0275
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0275
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0280
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0280
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0280
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0280
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0280
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0285
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0285
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0285
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0285
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0285
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0285
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0290
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0290
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0290
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0290
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0290
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0295
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0295
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0295
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0295
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0295
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0300
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0300
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0300
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0300
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0300
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0300
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0305
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0305
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0305
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0305
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0305
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0305
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0305
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0310
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0310
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0310
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0310
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0310
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0310
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0315
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0315
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0315
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0315
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0315
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0315
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0320
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0320
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0320
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0320
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0320
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0320
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0325
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0325
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0325
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0325
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0325
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0330
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0330
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0330
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0330
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0330
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0335
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0335
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0335
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0335
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0335
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0335
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0340
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0340
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0340
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0340
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0340
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0340
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0345
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0345
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0345
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0345
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0345
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0345
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0345
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0350
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0350
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0350
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0350
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0350
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0350
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0350
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0355
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0355
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0355
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0355
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0355
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0360
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0360
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0360
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0360
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0360
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0360
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0360
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0365
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0365
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0365
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0365
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0365
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0365
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0370
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0370
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0370
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0370
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0370
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0375
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0375
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0375
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0375
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0375


76. Abrahamsson H, Eriksson L, Abrahamsson P,

Haggman-Henrikson B. Treatment of temporo-

mandibular joint luxation:a systematic literature

review. Clin Oral Investig 2020;24:61–70.

77. de Almeida VL, Vitorino Nde S, Nascimento

AL, da Silva Júnior DC, de Freitas PH.

Stability of treatments for recurrent tempo-

romandibular joint luxation: a systematic

review. Int J Oral Maxillofac Surg

2015;45:304–7.

78. Tocaciu S, Mccullough MJ, Dimitroulis G.

Surgical management of recurrent TMJ dis-

location—a systematic review. Oral Maxil-

lofac Surg 2019;23:35–45.

79. Johnson NR, Roberts MJ, Doi SA, Batstone

MD. Total temporomandibular joint replace-

ment prostheses: a systematic review and

bias-adjusted meta-analysis. Int J Oral Max-

illofac Surg 2017;46:86–92.

80. Zou L, He D, Ellis E. A comparison of

clinical follow-up of different total tempo-

romandibular joint replacement prostheses: a

systematic review and meta-analysis. J Oral

Maxillofac Surg 2018;76:294–303.

81. Song YL, Yap AUJ. Outcomes of therapeutic

TMD interventions on oral health related

quality of life: a qualitative systematic re-

view. Quintessence Int 2018;49:487–96.

82. Ganaan R, Ciliska D, Thomas H. Expediting

systematic reviews: methods and implica-

tions of rapid reviews. Implement Sci

2010;5:56.

83.

List T, Axelsson S. Management of TMD:

evidence from systematic reviews and meta-

analyses. J Oral Rehabil 2010;37:430–51.

Address:
C. Tran
King’s College London
Faculty of Dentistry
Oral and Craniofacial Sciences
Centre for Host Microbiome Interactions
Denmark Hill Campus
Bessemer Road
London
SE5 9RS
UK
E-mail: c.tran@nhs.net

Management of temporomandibular disorders 1225

http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0380
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0380
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0380
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0380
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0385
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0385
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0385
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0385
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0385
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0385
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0390
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0390
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0390
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0390
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0395
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0395
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0395
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0395
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0395
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0400
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0400
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0400
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0400
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0400
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0405
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0405
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0405
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0405
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0410
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0410
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0410
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0410
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
http://refhub.elsevier.com/S0901-5027(21)00397-0/sbref0415
mailto:c.tran@nhs.net

	pnz278-TF1
	pnz278-TF2
	pnz278-TF3
	pnz278-TF4
	pnz278-TF5
	pnz278-TF6
	pnz278-TF7
	pnz278-TF8
	pnz278-TF9
	pnz278-TF10
	Background and Objectives 
	Materials and Methods 
	Intervention 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References
	Management of temporomandibular disorders: a rapid review of systematic reviews and guidelines
	Methods and design
	Results
	Description of included studies
	Self-management
	Conservative management
	Physical therapy
	Manual therapy
	Alternative therapies
	Acupuncture and dry needling
	Low-level laser therapy
	Psychological therapy
	Splint therapy

	Prosthodontic or occlusal treatment
	Orthodontic treatment
	Pharmacotherapy
	Intra-articular injection
	Intramuscular injection

	Surgical therapy
	Minimally invasive surgery
	Platelet-rich plasma injection
	Management of TMJ ankylosis
	Management of TMJ luxation
	TMJ replacement prostheses

	All treatment modalities

	Discussion
	Funding
	Competing interests
	Ethical approval
	Patient consent
	Appendix A Supplementary data
	References


