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Abstract

Background: Understanding the global prevalence and characteristics of a given
health problem is essential for sizing its global and regional burden, estimating
treatment needs, prioritizing healthcare services, and formulating targeted policies.
This systematic review and meta-analysis aimed to estimate the global prevalence
of temporomandibular disorders (TMDs) by gender, age, and continent, and the
prevalence of specific categories such as myalgia, arthralgia, clicking/joint sounds, and
limited mouth opening. Methods: A comprehensive search was conducted across
three databases—PubMed, Scopus and Web of Science and supplemented by manual
search up to June 2024. TMD diagnoses were based on the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD) or Diagnostic Criteria for
Temporomandibular Disorders (DC/TMD). Results: The database search yielded 15,628
records, from which 27 studies involving 20,971 subjects, including 6075 diagnosed with
TMDs, were selected for final analysis. All meta-analyses utilized a random effects
model. It is estimated that nearly a third of the global population (29.5%) suffers from
TMDs. TMDs affected females at a significantly higher rate compared to males (36.7%
versus 26.7%), representing a 1.75-fold greater likelihood among females. Prevalence
among individuals under 18 years of age is 38.5%, compared to 34.1% in those 18 and
older. TMDs are most prevalent in Europe (33.8%), followed by Asia (27.9%) and South
America (27.3%); the lowest prevalence was in North America (19.4%). The most
frequently reported signs and symptoms of TMDs are myalgia (37.2%), clicking/joint
sounds (29.8%), and arthralgia (16.8%), with limited mouth opening/locking being
the least prevalent (8.1%). Conclusions: TMDs represent a significant and largely
unrecognized health burden. Although conducting further primary studies is urgent
for confirmation, this current research underscores that TMDs might constitute a silent
epidemic that has not garnered the urgent attention it deserves from healthcare providers,
the local community, and researchers. The PROSPERO Registration: PROSPERO
number is CRD42024583777.
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1. Introduction

The temporomandibular joint (TMJ) is a unique bi-synovial
joint with specialized structural elements with highly coor-
dinated and associated movements [1]. The term “temporo-
mandibular disorders” (TMDs) refers to a group of conditions
that cause pain and dysfunction in TMJ and the muscles asso-
ciated with its movement [2]. There are three main classes of
TMDs: (1) disorders of the joints, including disc disorders;
(2) disorders of the muscles used for chewing (masticatory

muscles); and (3) headaches associated with a TMD. Within
each class, there are several disorders. TMDs often manifest
as pain in the face, jaw, temple and ear regions. The pain may
extend to surrounding areas and frequently presents challenges
in mouth opening and jaw mobility [2, 3]. Additionally,
TMDs are associated with discomfort and difficulty in per-
forming daily activities such as eating, speaking and yawning
[4]. Moreover, TMDs are often associated with other health
conditions such as headaches, migraines, and sleep disorders.
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According to the above-mentioned signs, symptoms, and as-
sociated comorbidities, TMDs inevitably have a significant
impact on an individual’s quality of life [5].

The etiology of TMDs is multifaceted, involving a combi-
nation of biological, psychological and socio-environmental
factors. Despite extensive research on the topic, the exact
causes of TMDs are yet to be completely elucidated [6—8].
All in all, the etiological factors of TMDs can be classified
into three distinct categories: predisposing, initiating and per-
petuating factors. While occlusion has been a contentious
factor in TMDs, it is not considered the primary etiological
factor [9]. Instead, its role may be limited to predisposing
individuals to the disorder or perpetuating it. The initiating
factors include macro- or micro-trauma and abnormal loading
of the masticatory system, whereas the perpetuating factors
encompass oral behaviors, emotional disturbances and so-
cial influences [10]. The predisposing factors encompass
psychological and pathophysiological processes that create
a favorable environment for TMD development, potentially
leading to chronic pain, the hallmark of TMDs [11].

Understanding the prevalence and characteristics of a given
health problem in different populations is essential for sizing
its global and regional burden, estimating treatment needs, pri-
oritizing healthcare services, and formulating targeted policies
[12]. The same is true for TMDs, which represent a common
health problem. Two recent systematic reviews estimated
a high global prevalence rate of TMDs, ranging from 31%
[13] to 34% [14]. However, the medical literature is full of
inconsistencies regarding the global, regional and local burden
of TMDs. As a rule of thumb, diagnosing TMDs represents a
considerable challenge due to the complexity and variability of
their signs and symptoms, the multiple and interrelated nature
of etiopathogenesis, and the lack of consistent, valid and reli-
able criteria for diagnosis. In an attempt to recognize the need
for standardized diagnostic criteria, the Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMD) was
developed in 1992, providing a dual-axis approach, with Axis |
addressing biological components and Axis II focusing on psy-
chosocial aspects [15]. Despite its initial acceptance, concerns
about the sensitivity and specificity of the RDC/TMD led to the
development of the Diagnostic Criteria for Temporomandibu-
lar Disorders (DC/TMD) [16]. The revised criteria aimed to
enhance Axis I’s diagnostic algorithms and incorporate new
tools for evaluating Axis II factors. Currently, the DC/TMD
is widely regarded as the benchmark for assessing TMDs [16].
The DC/TMD comprises of two main components. Axis I pri-
marily addresses the physical and biological aspects of TMDs,
utilizing a symptom questionnaire and a clinical examination
protocol to evaluate pain characteristics, range of motion, joint
sounds and other signs and symptoms. Accordingly, specific
TMD diagnoses are established through the defined diagnostic
algorithms based on Axis I assessment. Axis II examines
psychological and psychosocial factors associated with TMDs,
using standardized questionnaires to assess pain intensity, dis-
ability, limitations of jaw functionality, depression, anxiety
and parafunctional oral behaviors [16].

Given the inconsistencies reported in the medical literature
regarding the application of the two established diagnostic
criteria, assessing the prevalence of TMDs among general
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populations is bound to yield heterogeneous results. Therefore,
this systematic review and meta-analysis sought to accurately
estimate the global prevalence of TMDs, detailing prevalence
rates by gender, age, continent, and specific categories such as
myalgia, arthralgia, clicking/joint sounds, and limited mouth
opening.

2. Methodology

2.1 Review protocol and registration

This systematic review adhered to the guidelines outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (Supplementary material 1) [17]. The
review protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO), with a registra-
tion number: CRD42024583777.

2.2 Research question and eligibility criteria

The study adopted the following research questions: What is
the global prevalence of TMDs? And what are the TMDs
prevalence rates by gender, age, continent, and category, fol-
lowing the DC/TMD or RDC/TMD criteria? The review
included observational population-based studies, specifically
cross-sectional and longitudinal studies that reported the preva-
lence of TMDs (as the main outcome), with no language
or time restrictions. Accordingly, studies were excluded if
they were not population-based, did not utilize RDC/TMD or
DC/TMD criteria, relied solely on self-reported questionnaires
without clinical examinations, did not provide prevalence data,
did not focus on TMDs, or were of different design like
reviews, case reports, letters or editorial articles.

2.3 Information sources and search
strategy

Article search was conducted in three electronic databases:
PubMed, Scopus and Web of Science, up to June 2024. Ad-
ditionally, a manual search was performed on reference lists
of the relevant publications, along with searching in grey
literature through ProQuest Dissertations and Theses Global
and conference proceedings. Abstracts of all articles meeting
the inclusion criteria were reviewed for eligibility. The search
keywords included the following terms either individually
or in combination: temporomandibular, TMJ, TMD, joint,
disorder, disease, occurrence, frequency, prevalence and in-
cidence. Supplementary Table 1 provides the keywords used
or combined with Boolean operators for each of the databases.

2.4 Selection process

The study selection included two distinct phases. First, titles
and abstracts were screened independently by three authors
(AYA, HHH and AA) to identify the relevant records and
eliminate irrelevant ones. Second, the full texts of the selected
records were read independently by the same three authors to
confirm their suitability. In cases of disagreement, a consensus
was reached or a fourth reviewer (MA) was consulted for
arbitration.
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2.5 Data extraction

The data were extracted independently by two reviewers (AYA
and OA) using a pre-tested data charting form. The form
captured various study characteristics, including unique refer-
ence number, last name of the first author, year and place of
publication, study setting, sampling design and sample size.
In addition, participants’ characteristics were recorded, such
as the total number of participants, mean age, and definition of
cases. Finally, outcome measures pertaining to the prevalence
of TMDs were documented.

2.6 Risk of bias assessment

The quality of the included studies was assessed using a mod-
ified version of the checklist that was recommended in a
recently published systematic review as a comprehensive set
of items and domains that is broader than any of the individual
tools [18]. This modified checklist consists of 16 items that
evaluate various aspects of the studies, including population
and setting, condition measurement, and statistical analysis.
The quality of each study was then categorized as weak (<12),
moderate (13 to 17), or high (>18), as outlined in Supplemen-
tary Table 2.

2.7 Data synthesis

The pooled TMD prevalence rates, both overall and per the
different grouping factors along with 95% confidence inter-
vals (95% CI) were calculated. Similarly, the pooled odds
ratios (ORs) along with 95% CI were calculated to assess
the potential association of TMDs with gender. Furthermore,
the pooled prevalence rates of the types and signs of TMDs
out of the overall reported TMDs were calculated, along with
95% CI. Heterogeneity, if present, was tested using a chi-
square test and /? statistics: The fixed effects model was
used for low/moderate heterogeneity (12 < 50%), while the
random effects model was applied for significant heterogeneity
(I? > 50%). Furthermore, the prediction interval (PI) was

calculated for each calculated event rate and for the OR in all
random effects models to better reflect the real heterogeneity
than the chi-square test and 7? statistics [19]. Publication bias
was evaluated using the funnel plot along with Egger’s test.
Sensitivity analysis was conducted by excluding studies of
low quality (i.e., at high risk of bias), as well as those which
prompted discussion during the selection process. Due to the
low quality (high risk of bias) of Macri et al.’s [20] study,
sensitivity analysis was conducted by excluding this study.
All analyses were conducted using the Comprehensive Meta-
Analysis Software version 4.0 (Biostat, Inc, Englewood, NJ,
USA).

3. Results

3.1 Study selection

The database search yielded a total of 15,628 records, with
5108 from PubMed, 5965 from Scopus, and 4555 from Web
of Science. Duplicate records (2658) were removed, and the
remaining 12,970 records were screened by titles and abstracts,
upon which 12,823 records were irrelevant and thus excluded.
The full texts of the remaining 147 records were retrieved
and assessed for eligibility. Of those, 122 were not eligible
and were thus excluded; those records along with reasons for
exclusion are listed in Supplementary Table 3. In addition,
14 records were identified through other resources: 2 from
websites and 12 from the reference lists of the included studies.
Upon examination of the full text of these 14 studies, 2 were
eligible and included, while the other 12 were ineligible and
thus excluded. Ultimately, 27 studies [20—46] encompassing
the period from 2008 to 2022 were included in both the quali-
tative and quantitative synthesis, as indicated in Fig. 1.

3.2 Study characteristics

The characteristics of the included studies are presented in
Table | (Ref. [20—46]).

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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FIGURE 1. PRISMA flowchart of the study search strategy.



Author (yr)

Macri et al.
2022

Janal et al.
2008

Marklund et
[22], 2008

Balke et al.
2010

Moyaho-Bernal et

al. [24], 2010

Wu et al.
2010

Franco-Micheloni
etal. [26], 2015

Yuetal. [27],2014

Al-Khotani et al.

[28], 2016

Country

Italy

USA

Sweden

Iran

Mexico

China/German

Brazil

China

Saudi Arabia

Continent

Europe

North
America

Europe

Western Asia

North
America

Asia/Europe

South
America

Asia

Asia

TABLE 1. Characteristics of the included studies.
Age (yr)

Ethnicity

NR

African
American,
Caucasian

NR

Persians

NR

German and
Chinese

NR

NR

NR

18-75

18-30

18-65

12-14

23-52

10-18

Sample
size

214

782

308

223

235

Germany
=561,
China =
497, Total
(1058)

1307

619

456

Gender
distribution

(Males:Females)

NR

only female

112:196

52:171

106:129

554:504

565:742

males only

184:272

Diagnostic
tool

DC/TMD

RDC/TMD

RDC/TMD

RDC/TMD

RDC/TMD

RDC/TMD

RDC/TMD

RDC/TMD

RDC/TMD

Community
(schoolchildren, university
students, military, efc.)

Patients referred to
orthodontic clinics
(schoolchildren/adolescents
seeking orthodontic advice)

Community-women in the
NY metropolitan area were
selected at random
Students who attended the
dentistry program at Umeéa
University, Umeda, Sweden
Six healthcare centers/bases
in Mashhad, the rural area
was from the Zoshk
health-care base
Attended an official
elementary school
Germany: different types of
schools from the urban area
of Halle (Saale). China:
three schools in the city of
Jinan (northeast China, in
the Shandong province).

Public schoolchildren

Shenzhen Airlines pilots

Jeddah schools

Sampling
techniques

Convenience
sample

Random
sample

Random
sample

Random
sample

NR

Random
sample

Random
sample

Random
sample

Random
sample

IS



Author (yr)

Jussila et al. [29],
2017

Loster et al. [30],
2017

Ostensjo et al.
[31],2016

Bertoli et al. [32],
2018

Talaat et al. [33],
2018

Alrashdan et al.
[34], 2018

de Melo Junior et
al. [35],2019

Jivnani et al. [36],
2017

Tecco et al. [37],
2019

Braido et al. [38],
2020

Rauch et al. [39],
2019

Country

Finland

Poland

Norway

Brazil

United Arab
Emirates

Jordan

Brazil

India

Italy

Brazil

German

TABLE 1. Continued.

Continent Ethnicity Age (yr) Sample Gender
size distribution
(Males:Females)
Europe NR 46 1871 867:1004
Europe Caucasian 16.7-19.3 260 68:192
Europe NR 13-19 562 276:286
South NR 10-14 934 416:518
America
Asia Caucasian 18-65 3009 1832:1177
Asia NR 18-78 368 183:185
Europe NR 10-17 1342 420:922
Asia NR 18-28 200 NR
Europe NR 11-19 567 246:321
South NR 12-14 690 301:389
America
Europe NR 10-18 1116 542:574

Diagnostic
tool

DC/TMD

RDC/TMD

DC/TMD

RDC/TMD

RDC/TMD

DC/TMD

RDC/TMD

DC/TMD

RDC/TMD

RDC/TMD

DC/TMD

Community
(schoolchildren, university
students, military, efc.)

Northern Finland birth
cohort born in 1966 in Oulu
and Lapland provinces

High schools in Krakow,
Poland

Patients from 4 clinics in
Rogaland County, Norway

Public and private schools
in the city of Curitiba,
Parand, Brazil
Oral Diagnosis and Urgent
Care Clinic at the University
Dental Hospital Sharjah,
United Arab Emirates
Patients attending King
Abdulla University Hospital
Two regional offices (north
and south), 165 public
schools, city of Recife

University students

Adolescents were recorded
from the dataset in a dental
university clinic in Italy

Adolescents enrolled in
public and private schools

Healthy adolescents

Sampling
techniques

NR

Random
sample
Random
sampling
Stratified
random
sampling
Convenience
sampling

Consecutive
sampling
cluster
sampling

Simple
random
sampling
NR

Convenience
sampling
NR
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Author (yr)

Paduano et al.
[40], 2020

Wieckiewicz et al.
[41],2019

Barbosa et al. [42],
2021

Srivastava et al.
[43], 2021

Wu et al. [44],
2021

Alketbi et al. [45],
2022

Progiante et al.
[46], 2015

DC: Diagnostic Criteria; RDC: Research Diagnostic Criteria;, TMD: temporomandibular disorders;, NR: Not Reported; NY: New York.

Country

Southern Italy

Poland

Portugal

Saudi Arabia

China

United Arab
Emirates

Brazil

Continent

Europe

Europe

Europe

Asia

Asia

Asia

South
America

TABLE 1. Continued.

Ethnicity Age (yr)
NR 14-18
Caucasian 18— 84
NR 18- 67
NR 20-25
Han Chinese  University
students
(age not
directly
reported)
Asian The mean
(53.2%), age was
Whites 34.19 +
(39.7%), 10.85
Others
(7.1%)
NR 20-65

Sample

size

361

213

1381

246

754

252

1643

Gender
distribution

(Males:Females)

178:183

64:149

339:1042

137:109

354:400

137:115

56:1083

Diagnostic
tool

RDC/TMD

DC/TMD

RDC/TMD

DC/TMD

DC/TMD

DC/TMD

RDC/TMD

Community
(schoolchildren, university
students, military, efc.)

Secondary schools in the
city of Catanzaro, Italy

General population from
four Polish cities (Wroclaw,
Lublin, Katowice, and
Lodz)

Students from 19 university
institutions from Oporto
District, Portugal

Dental school students

Medical university students

Students and patients at the
College of Dental Medicine,
University of Sharjah

The population was the
users of the Brazilian public
health system

Sampling
techniques

Two-stage
cluster
sampling
Random
sampling

NR

NR

Simple
random
sampling

Convenience
sampling

Public health
database

£§
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Among the 27 included studies, the RDC/TMD was em-
ployed as the diagnostic tool in 17 studies [21-28, 30, 32, 33,
35,37,38,40,42,46], while 10 studies employed the DC/TMD
[20, 29, 31, 34, 36, 39, 41, 43-45].

Twelve studies were conducted in European countries [20,
22,25,29-31, 35, 37, 39-42], 10 in Asia [23, 25, 27, 28, 33,
34, 36, 43-45], 4 in South America [26, 32, 38, 46], and 2 in
North America [21, 24]. It is essential to emphasize that one
study [25] investigated two different populations: Chinese and
German, and presented data for each population individually.
Therefore, this study is categorized within Asia as Wu ef al.
[25], 2010 (a), and within Europe as Wu et al. [44], 2010 (b).

The sample sizes across the 27 studies varied significantly,
with the smallest study [36] including 200 participants, and
the largest encompassing 3009 participants [33]. The majority
of studies had sample sizes ranging between 500 and 3000
participants. Regarding gender composition within the sample,
the majority of the studies included both male and female
participants. However, a notable trend emerged across many
of the studies, with a higher proportion of female participants
compared to males [23, 30, 35, 42, 46]. A few studies,
however, included a single gender: Yu et al.’s [27] study,
conducted in China in 2015, included male participants only,
and Janal et al.’s [21] study included exclusively female par-
ticipants in the USA.

The prevalence rates of TMDs across the included studies
demonstrate considerable heterogeneity, spanning from ap-
proximately 10.8% in the United Arab Emirates [33] to 90.7%
in Germany [39]. One of the most consistent findings across
the reviewed studies was the significant gender disparity in the
prevalence of TMDs. Females are more frequently affected by
TMDs than males, with some studies reporting that females are
up to twice as likely to develop the disorder [26, 32, 33, 35].
Other studies that focused on younger populations, particularly
adolescents and young adults, also reported a higher preva-
lence of TMDs among females [22].

Regarding the type of TMD assessed, the most commonly
investigated was myalgia (muscle pain), followed by click-
ing or noise in TMJ, arthralgia (joint pain), and limited jaw
opening or jaw locking. The prevalence of myalgia varied
widely between studies, ranging from 9% [23] to 97% [41].
Like myalgia, the prevalence of clicking or noise in TMIJ,
which is often associated with internal derangement of the
joint, ranged from 10% [23] to 97% [41]. The prevalence
of arthralgia showed considerable variation across studies,
ranging from 4% [30] to 78% [45]. The prevalence of limited
jaw opening or jaw locking was found to be less frequent than
the other TMDs, ranging from 0.6% [32] to 33% [44]. A
few studies investigated combinations of TMDs, for instance,
Balke et al. [23] reported that 72 out of 223 Iranian participants
(approximately 32.3%) experienced facial pain, a symptom
that could be related to either myalgia or arthralgia.

3.3 Quality assessment

Of the 27 studies, 13 (=48.1%) were classified as having
a low risk of bias, with scores ranging from 18 to 21. In
contrast, 13 studies (/248.1%) displayed a moderate risk of
bias, with scores ranging from 13 to 17. Finally, only one study

(~3.8%) was classified as having a high risk of bias, scoring
11 (Table 1).

3.4 Meta-analysis

All meta-analyses were conducted using the random effects
model, as all /2 values were larger than 50%. Fig. 2 depicts
and summarizes the study’s results regarding the overall global
prevalence of TMDs, and the prevalence rates by the different
grouping factors.

Based on the 27 studies [20—46] with 20,971 participants,
the global prevalence of TMDs was 29.5% (95% CI = 23.4%—
36.4%, PI = 6.8%-70.8%, I? = 98.87%; Fig. 3). The publi-
cation bias was insignificant (p = 0.791; Supplementary Fig.
1).

The global prevalence of TMDs among males based on 20
studies [22, 24-27,29-33, 35-40, 42—44] including 7250 male
participants was 26.7% (95% CI = 18.2%-37.3%, PI = 3.3%—
79.7%, I = 98.37%; Fig. 4). Publication bias was insignificant
(p = 0.956; Supplementary Fig. 2). The global prevalence
of TMDs among females based on 20 studies including 8674
female participants [21, 22, 24-26, 29-33, 35-40, 42—-44] was
36.7% (95% CI = 27.9%46.4%, PI = 7.7%-80.2%, 1% =
98.4%; Fig. 5). Publication bias was also insignificant (p =
0.445; Supplementary Fig. 3). Based on 19 studies including
6631 males and 7892 females [22, 24-27, 29-33, 35-40, 42—
441, the prevalence of TMDs among females was significantly
1.75-fold higher than the prevalence among females (OR =
1.75; 95% CI = 1.34-2.33; p < 0.001), although the PI of that
OR was not significant (0.52-5.92, I? = 89.41%; Fig. 6). The
publication bias was also insignificant (p = 0.936; Supplemen-
tary Fig. 4).

Sensitivity analysis was conducted by excluding Macri ef al.
[20] due to its low quality (i.e., high risk of bias). There were
no substantial changes in the overall prevalence rate of TMDs
or any of its subtypes after excluding the study compared to
the results when it was included (Supplementary Table 4).

The prevalence of TMDs was found to vary by continent
(Fig. 7), with the highest rate in Europe [20, 22,2931, 35,37,
39-42](33.8%; 95% CI =22%—-48%, P1 =4.3%—85%; number
of studies (NS) = 11, number of participants (NP) = §756),
followed by Asia [20, 22, 29-31, 35, 37, 39-42] (27.9%; 95%
CI = 18.7%-39.5%, PI = 4.9%—74.4%; NS = 10, NP = 6624)
and South America [26, 32, 38, 46] (27.3%, 95% CI =21.4%—
34%, P1=7.5%—-63.5%, NS =4, NP = 4574), while the lowest
prevalence rate was in North America [21, 24] (19.4%, 95%
CI =5.5%-49.8%, NS =2, NP = 1017). The prevalence rates
of TMDs among males and females in different continents are
presented in Supplementary Figs. 5,6, respectively.

The global prevalence of TMDs among those under 18 years
of age based on 14 studies [20, 24-26, 28, 31, 32, 35, 37—
40, 44] including 8091 participants was 38.5% (95% CI =
25.3%-53.7%, P1 = 4.8%-88.7%; 1% = 98.01%; Fig. 8), which
is slightly higher than the prevalence among those older than
18 years based on 14 studies [21-23, 27,29, 30, 33, 34,36, 41—
43, 45, 46] including 8691 participants (34.1%), although
the 95% CI and PI were narrower (26%—43.4% and 8.9%—
73.2%, respectively; 12 = 98.36; Fig. 9). These studies did
not show publication bias (p = 0.943 and 0.4696, respectively;
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The overall global prevalence of TMDs

North America —— Asia

29.5 %

South America

-t —
9
26.7 % A 36.7 %
. ° The overall global prevalence of signs and symptoms of TMDs
Males Females
38.5 % 34.1% 29.8% | 16.8% 8.1%
-
| |
Myalgia Clicking/joint sounds Arthralgia Limited mouth
Under 18 Years 18 Years & Older

opening/locking

FIGURE 2. A depiction summarizing the main results of the current meta-analysis (The overall global prevalence of

TMDs, and the prevalence rates by different grouping factors). TMD: temporomandibular disorders.

Study name

Marklund et al, 2008
Janal et al, 2008

Wou et al, 2010(a)

Wau et al, 2010(b)

Balke et al, 2010
Moyaho-Bernal et al, 2010
Yu et al, 2014

Patricia et ai, 2015
Franco-Micheloni et al, 2015
Al-Khotani et ai, 2016
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Tecco et al, 2019

de Melo Junior et al, 2019
Paduano et al, 2020
Braido et al, 2020
Barbosa et al, 2021
Dstensjo et al, 2016
Jussila et al, 2017
Alrashdan et al, 2018
Srivastava et al, 2021
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Wieckiewicz et al, 2019
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Wu et al, 2021

Alketbi et al, 2022

Macri et al, 2022
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FIGURE 3. Forest plot for meta-analysis of the global prevalence of TMDs. CI: confidence interval.

Statistics for each study

Event Lower Upper
rate limit limit
0545 0490 0.600
0105 0.085 0.128
0.149 0.120 0.183
0.130 0.105 0.161
0.278 0.223  0.340
0.332 0275 0.395
0.331 0295 0.369
0295 0274 0.318
0.304 0279 0.329
0.272 0233 0.315
0265 0215 0.322
0.108 0.097 0.120
0.349 0.319  0.380
0.441 0401 0.482
0.332 0.307 0.357
0.274 0231 0.323
0.162 0.137  0.192
0.393 0368 0419
0.069 0.051 0.0%4
0.163 0.147  0.180
0.266 0224 0.314
0370 0312 0432
0907 0.888 0.923
0.488 0422 0.555
0.170 0.124  0.229
0317 028 0.351
0.714 0.655 0.767
0.262 0.207 0.325
0295 0234 0.364
0295 0.068 0.708

Total

168 / 308
82/782
741 497
73/ 561
62/223
781235
205/619
485/ 1643
397/ 1307
124/ 456
69 /260

325/ 3009 B

326/ 934
250/ 567
445/ 1342
99/ 361
112/ 690
543/ 1381
39/ 562
305/ 1871
98 /368
91/ 246
1012/ 1116
104/ 213
34 /200
239/ 754
180/ 252
56/214
6075/ 20971
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L
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1
1
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1.00

weight

3.57
3.57
3.56
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3.62
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3.62
3.57
3.58
3.62
3.50
3.62
3.57
3.55
3.58
3.54
3.46
3.61
3.54
3.52
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Event Lower Upper

rate limit limit Total
Marklund et al, 2008 0.732 0.643 0.806 82/112
Wou et al, 2010(a) 0.148 0.108 0.198 36/244
Wou et al, 2010(b) 0.118 0.085 0.161 33/280
Moyaho-Bernal et al, 2010 0.321 0.239 0.415 34/106
Yu et al, 2014 0.331 0.295 0.369 205/619
Franco-Micheloni et al, 2015 0.273 0.237 0.311 154 /565
Loster et al, 2017 0.118 0.060 0.218 8/68
Talaat et al, 2018 0.061 0.051 0.073 111/1823
Bertoli et al, 2018 0.288 0.247 0.334 120/416
Tecco et al, 2019 0.423 0.363 0.485 104/246
de Melo Junior et al, 2019 0.286 0.245 0.331 120/420
Paduano et al, 2020 0.135 0.092 0.193 24/178
Braido et al, 2020 0.133 0.099 0.176 40/301
Barbosa et al, 2021 0.195 0.156 0.240 66/339
Ostensjo et al, 2016 0.033 0.017 0.061 9/276
Jussila et al, 2017 0.308 0.259 0.362 94/305
Srivastava et al, 2021 0.263 0.196 0.343 36/137
Rauch et al, 2019 0.900 0.872 0.923 488/542
Jivnani et al, 2017 0.471 0.312 0.635 16/ 34
Wu et al, 2021 0.502 0.439 0.565 120/239
Pooled 0.267 0.182 0.373 1900/7250
Prediction Interval 0.267 0.033 0.797

Relative
weight

—l— 4.97

- 5.02
L o 5.01
4.98
5.13
5.12
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FIGURE 4. Forest plot for meta-analysis of the global prevalence of TMDs among males.

Study name
Event Lower Upper
rate limit limit Total
Marklund et al, 2008 0.582 0.511 0.649 114/196
Janal et al, 2008 0.105 0.085 0.128 82/782
Wou et al, 2010(a) 0.150 0.111 0.200 38/253
Wu et al, 2010(b) 0.142 0.106 0.188 40/281

Moyaho-Bernal et al, 2010  0.341 0.265 0.427 44/129
Franco-Micheloni et al, 2015 0.327 0.295 0.362 243/742

Loster et al, 2017 0.318 0.256 0.387 61/192
Talaat et al, 2018 0.182 0.161 0.205 214/1177
Bertoli et al, 2018 0.398 0.356 0.440 206/518
Tecco et al, 2019 0.455 0.401 0.510 146/321
de Melo Junior et al, 2019  0.352 0.322 0.384 325/922
Paduano et al, 2020 0.410 0.341 0482 75/183
Braido et al, 2020 0.185 0.150 0.227 72/389
Barbosa et al, 2021 0.307 0.280 0.336 320/1042
Ostensjo et al, 2016 0.105 0.074 0.146 30/286
Jussila et al, 2017 0.692 0.638 0.741 211/305
Srivastava et al, 2021 0.706 0.614 0.784 77/109
Rauch et al, 2019 0.913 0.887 0.933 524/574
Jivnani et al, 2017 0.529 0.365 0.688 18 /34
Wu et al, 2021 0.498 0.435 0.561 119/239
Pooled 0.367 0.279 0.464 2959 /8674
Prediction Interval 0.367 0.077 0.802

Event rate and 95% CI

Relative
weight

- 5.02
B 5.06
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FIGURE 5. Forest plot for meta-analysis of the global prevalence of TMDs among females. CI: confidence interval.

Supplementary Figs. 7,8, respectively). As none of the
studies included reported both age groups, no meta-analysis
was conducted in this respect.

The prevalence rates of different diagnostic tools are pre-
sented in Fig. 10. The prevalence based on DC/TMD (35.4%j;
95% CI = 18.8%—56.5%, PI = 1.9%-94%, NS = 10, NP =
5796; I? = 99.36%) was higher but less precise than the rate

of RDC/TMD (26.5%, 95% CI = 21.3%-32.5%, PI = 8.6%—
57.9%, NS = 18, NP = 15175; I? = 98.22%).

The prevalence rates of different types and signs of TMDs
were as follows: The global prevalence of myalgia based on 19
studies [20, 23, 28-35, 37, 39-47] including 6042 participants
was 37.2% (95% CI = 27.3%48.3%, PI = 6.4%83.6%; 1>
= 97.98%; Fig. 11), with no publication bias (p = 0.206;



Events / Total

Study name Statistics for each study

Odds Lower Upper

ratio  limit limit Z-Value p-Value Males
Marklund et al, 2008 1966 1.186 3259 2622 0.009 82/112
Wu et al, 2010(a) 0979 0597 1605 -0.083 0934 36/244
Wu et al, 2010(b) 0805 0491 1319 -0.861 0.389 33/280
Moyaho-Bernal et al, 2010 0912 0528 1576 -0.329 0.742  34/106
Franco-Micheloni etal, 2015  0.769 0.605 0979 -2.137 0.033 154/565
Loster et al, 2017 0286 0.129 0636 -3.072 0.002 8/68
Talaat et al, 2018 0292 0229 0372 -9957 0.000 111/1823
Bertoli et al, 2018 0614 0466 0.809 -3.469 0.001 120/416
Tecco et al, 2019 0878 0628 1227 -0.762 0.446 104 /246
de Melo Junior et al, 2019 0735 0572 0945 -2405 0.016 120/420
Paduano et al, 2020 0224 0.133 0.378 -5618 0.000 24/178
Braido et al, 2020 0675 0443 1.027 -1.837 0.066 40/301
Barbosa et al, 2021 0545 0404 0.736 -3.969 0.000 66/339
ODstensjg et al, 2016 0288 0.134 0618 -3.195 0.001 9/276
Jussila et al, 2017 0.198 0.141 0280 -9.221 0.000 94/305
Srivastava et al, 2021 0.148 0085 0260 -6.672 0.000 36/137
Rauch et al, 2019 0862 0576 1292 -0.719 0.472 488/542
Jivnani et al, 2017 0790 0.305 2048 -0.485 0628 16/34
Wu et al, 2021 1.017 0710 1455 0.091 0.927 120/239
Pooled 0569 0433 0.748 -4.044 0.000 1695/6631
Prediction Interval 0569 0.169 1913

FIGURE 6. Forest plot for meta-analysis of the comparison of the global prevalence of TMDs by gender. CI: confidence

Odds ratio and 95% CI

Relative
Females weight
114/196 - 515
38/253 5.19
40/281 5.19
447129 5.00
2431742 597
61/192 —l— 408
214/ 1177 =» 5.96
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721389 - 545
320/ 1042 L 5.82
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interval.
Group by Study name Event rate and 95% CI
Contenint .
Event Lower Upper Relative
rate limit limit Total weight
Asia Wau et al, 2010(a) 0.149 0120 0.183  74/497 - 9.99
Asia Balke et al, 2010 0278 0223 0340 62/223 —_— 9.90
Asia Yu etal, 2014 0.331 0295 0.369 205/619 —— 10.11
Asia Al-Khotani et al, 2016 0272 0233 0315 124/456 T— 10.06
Asia Talaat et al, 2018 0.108 0.097 0.120 325/3009 - 10.17
Asia Alrashdan et al, 2018 0266 0224 0314 98/368 e — 10.02
Asia Srivastava et al, 2021 0370 0312 0432 91/246 —— 9.97
Asia Jivnani et al, 2017 0970 0.124 0229 34/200 —— 972
Asia Wu et al, 2021 0317 0285 0351 239/754 —— 10.13
Asia Alketbi et al, 2022 0.714 0.655 0.767 180/252 —— 9.94
Asia Pooled 0279 0187 0.395 1432/6624 -
\iia Prediction Interval 0279 0.049 0.744 I
Europe Marklund et al, 2008 0545 0490 0.600 168/308 Pt— 8.34
Europe Wau et al, 2010(b) 0930 0105 0.161 73/561 -—— 8.32
Europe Loster et al, 2017 0265 0215 0322 69/260 e — 8.29
Europe Tecco et al, 2019 0441 0401 0482 250/567 —— 8.38
Europe de Melo Junior et al, 2019 0.332 0307 0.357 445/1342 -—— 8.41
Europe Paduano et al, 2020 0274 0231 0323 99/361 -+ 8.33
Europe Barbosa et al, 2021 0.393 0368 0419 543/ 1381 —_— 8.41
Europe Dstensjo et al, 2016 0.069 0.051 0094 39/562 - 8.23
Europe Jussila et al, 2017 0.163 0.147 0.180 305/1871 8.41
Europe Rauch et al, 2019 0.907 0888 0923 1012/ 1116 8.35
Europe Wieckiewicz et al, 2019 0488 0422 0555 104/213 —— 8.29
Europe Macri et al, 2022 0.262 0207 0325 56/214 —— 8.25
| Europe Pooled 0338 0220 0480 3163/8756 l ~S
Europe Prediction Interval 0338 0043 0851 I
North America Janal et al, 2008 0.105 0.085 0128 82/782 ] 50.13
North America Moyaho-Bernal et al, 2010 0332 0275 0395 78/235 i 49.87
North America Pooled 0194 0055 0498 160/1017 ‘ —~ R —
South America Patricia et al, 2015 0295 0274 0318 485/1643 - 25.60
South America Franco-Micheloni etal, 2015  0.304 0279 0.329 397/1307 - 25.43
South America Bertoli et al, 2018 0.349 0319 0.380 326/934 - 25.16
South America Braido et al, 2020 0.162 0.137 0.192 112/690 - 23.82
South America Pooled 0273 0214 0.340 1320/ 4574 | ?
i i 0273 0075 0635 I 1 |
Overall Prediction Interval 0282 0064 0692 I 1 |
0.00 0.25 0.50 0.75 1.00

FIGURE 7. Forest plot for meta-analysis of the prevalence of TMDs by continent. CI: confidence interval.

Supplementary Fig. 9). The global prevalence of arthralgia
based on 18 studies [20, 23, 28-36, 3943, 45, 46] including
5587 participants was 16.8% (95% CI = 9.4%-28.3%, PI =
1%-80.7%; I? = 98.33; Fig. 12), with no publication bias (p =
0.519; Supplementary Fig. 10). The global prevalence of
clicking/sound based on 22 studies [20, 23, 25, 27-37, 39—

s s

41, 43-46] including 6372 participants was 29.8% (95% CI

= 23.9%-36.5%, PI = 9.1%64.4%; I?> = 95.72; Fig. 13),
also with no publication bias (p = 0.942; Supplementary
Fig. 11). The global prevalence of limited mouth opening
based on 19 studies [20, 25, 27-30, 32-35, 37, 39-41, 43—
46] including 6076 participants was 8.1% (95% CI = 5%—
12.9%, PI = 0.9%-47.4%; I? = 96.48; Fig. 14), although
the included studies showed significant publication bias (p =
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Study name Event rate and 95%CI

Event Lower Upper Relative

rate limit limit Total weight
Wou et al, 2010(a) 0.149 0120 0.183 74/497 B 7.82
Wou et al, 2010(b) 0.130 0.105 0.161 73/561 B 7.82
Moyaho-Bernal et al, 2010 0.332 0275 0395 78/235 - 7.79
Franco-Micheloni etal, 2015 0.304 0.279 0.329 397/1307 [ | 7.89
Al-Khotani et al, 2016 0.272 0233 0.315 124/456 = 7.85
Bertoli et al, 2018 0.998 0976 1.000 326/326 3.03
Tecco et al, 2019 0.441 0401 0482 250/567 5 I 7.87
de Melo Junior et al, 2019 0.999 0.982 1.000 445/445 3.03
Paduano et al, 2020 0.274 0231 0.323 99/ 361 L 3 7.83
Braido et al, 2020 0.162 0.137 0.192 112/690 B 7.85
Jstensjg et al, 2016 0.069 0.051 0.094 39/562 [ ] 7.74
Rauch et al, 2019 0.907 0.888 0.923 1012/1116 [ | 7.85
Wou et al, 2021 0.317 0.285 0.351 239/754 B 7.88
Macri et al, 2022 0262 0207 0325 56/214 - 7.76
Pooled 0.385 0.253 0.537 3324 /8091 ‘r
Prediction Interval 0.385 0.048 0.887 i T i
0.00 0.25 0.50 0.75 1.00

FIGURE 8. Forest plot for meta-analysis of the global prevalence of TMDs among children and adolescent (<18 years).

CI: confidence interval.

Study name

Event Lower Upper

rate limit limit Total

Marklund et al, 2008 0.545 0490 0.600 168/308
Janal et al, 2008 0.105 0.085 0.128 82/782
Balke et al, 2010 0.278 0223 0.340 62/223
Yu et al, 2014 0.331 0295 0.369 205/619
Patricia et al, 2015 0.295 0.274 0.318 485/1643
Loster et al, 2017 0.265 0.215 0.322 69/260
Talaat et al, 2018 0.655 0.602 0.705 213/325
Barbosa et al, 2021 0.393 0.368 0.419 543/1381
Jussila et al, 2017 0.163 0.147 0.180 305/1871
Alrashdan et al, 2018 0.266 0224 0.314 98/368
Srivastava et al, 2021 0.370 0.312 0432 91/246
Wieckiewiczetal, 2019 0488 0422 0555 104/213
Jivnani et al, 2017 0.170 0.124 0.229 34/200
Alketbi et al, 2022 0.714 0655 0.767 180/252
Pooled 0.341 0.260 0.434 2639/8691
Prediction Interval 0.341 0.089 0.732

Event rate and 95%CI

Relative
weight

- 7.16
[ | 7.15
- 7.04
B 7.24
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FIGURE 9. Forest plot for meta-analysis of the global prevalence of TMDs among adults (>18 years). CI: confidence

interval.

0.003; Supplementary Fig. 12).

4. Discussion

This systematic review and meta-analysis aimed to estimate
the worldwide prevalence of TMDs diagnosed using either
the RDC/TMD or DC/TMD criteria [15, 16]. This study
estimates that nearly a third of the global population (29.5%)
suffers from TMDs, with a higher prevalence among females
than males, and among individuals under 18 years of age.

Regional variations were observed, with the highest prevalence
in Europe and the lowest in North America. Myalgia was the
most common symptom, while limited mouth opening/locking
was the least prevalent.

Although Zielinski et al. [14] conducted a recent meta-
analysis on the global prevalence of TMDs utilizing 74 records,
we think that this current study is more robust in many aspects
(refer to the inclusion criteria of the potential studies). In
brief, the studies that were included are those with a sample
size of at least 200 subjects; based the diagnosis on the Re-
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Group by Study name Event rate and 95% CI
Contenint .
Event Lower Upper Relative
rate limit limit Total weight

DC/TMD Dstensjo et al, 2016 0.069 0.051 0.094 39/562 [ ] 9.95
DC/TMD Jussila et al, 2017 0.163 0.147 0.180 305/1871 [ ] 10.07
DC/TMD Alrashdan et al, 2018 0266 0224 0.314 98 /368 10.02
DC/TMD Srivastava et al, 2021 0370 0.312 0432 91/ 246 —f— 10.00
DC/TMD Rauch et al, 2019 0.907 0.888 0.923 1012/ 1116 ] 10.04
DC/TMD Wieckiewicz et al, 2019 0488 0422 0555 104/213 —f— 9.99
DC/TMD Jivnani et al, 2017 0.170 0124 0.229 34/200 - 9.91
DC/TMD Wu et al, 2021 0317 0285 0351 239/754 - 10.06
DC/TMD Alketbi et al, 2022 0714 0655 0.767 180/252 i 9.99
DC/TMD Macri et al, 2022 0.262 0207 0.325 56/214 - 9.97
DC/TMD Pooled 0354 0.188 0565 2158/5796 e
DC/TMD Prediction Interval 0354 0.019 0.940 I i

a 2008 U545 U490 U600 1687308 =i 5.52
RDC/TMD Janal et al, 2008 0.105 0.085 0.128 82/782 - 5.51
RDC/TMD Wu et al, 2010(a) 0149 0120 0.183 74 | 497 - 5.48
RDC/TMD Wu et al, 2010(b) 0130 0.105 0.161 731561 - 5.48
RDC/TMD Balke et al, 2010 0278 0223 0.340 62/223 =l 5.39
RDC/TMD Moyaho-Bernai et al, 2010 0332 0275 0.395 781235 —— 543
RDC/TMD Yu et al, 2014 0.331 0295 0.369 205/619 - 5.60
RDC/TMD Patricia et al, 2015 0295 0274 0.318 485/1643 L 5.67
RDC/TMD Franco-Micheloni etal, 2015  0.304 0279 0.329 397/1307 - 5.66
RDC/TMD Al-Khotani et al, 2016 0272 0233 0315 124/456 I 5.55
RDC/TMD Loster et al, 2017 0265 0215 0.322 69 / 260 543
RDC/TMD Talaat et al, 2018 0.108 0.097 0.120 325/3009 | ] 5.66
RDC/TMD Bertoli et al, 2018 0349 0319 0380 326/934 == 5.64
RDC/TMD Tecco et al, 2019 0.441 0401 0482 250/ 567 i 5.60
RDC/TMD de Melo Junior et al, 2019 0332 0.307 0.357 445/1342 - 5.66
RDC/TMD Paduano et al, 2020 0274 0231 0.323 99/ 361 il 5.51
RDC/TMD Braido et al, 2020 0162 0.137 0.192 112/690 - 5.55
RDC/TVD Barbosa et al, 2021 0393 0368 0419 543/1381 = 5.66
RDC/TMD Pooled 0265 0213 0.325 3917/15175 ’
RDC/TVD Prediction Interval 0265 008 0.579 I 1 |
Overall Prediction Interval 0273 0061 0684 I t |

0.00 0.25 0.50 0.75 1.00

FIGURE 10. Forest plot for meta-analysis of the global prevalence of TMDs by the diagnostic tools (DC/TMD versus
RDC/TMD). CI: confidence interval.

Study name

Event Lower Upper

rate limit limit Total

Balke et al, 2010 0.099 0.066 0.145 22/223
Patricia et al, 2015 0.643 0.600 0.685 312/485
Al-Khotani et al, 2016 0.573 0.484 0657 71/124
Loster et al, 2017 0.200 0.156 0.253 52/260
Talaat et al, 2018 0.175 0.138 0.221 57/325
Bertoli et al, 2018 0.294 0.248 0.346 96/ 326
Tecco et al, 2019 0.224 0177 0.280 56/250
de Melo Junioretal, 2019 0.115 0.088 0.148 51/445
Paduano et al, 2020 0.394 0.303 0.493 39/99
Barbosa et al, 2021 0.099 0.085 0.116 137/1381
Ostensjo et al, 2016 0.538 0.383 0.686 21/39
Jussila et al, 2017 0.318 0.268 0.372 97/305
Alrashdan et al, 2018 0.327 0.241 0.425 32/98
Srivastava et al, 2021 0.681 0.579 0.769 62 /91
Rauch et al, 2019 0.239 0.214 0.266 242/1012
Wieckiewicz et al, 2019 0.971 0914 0.991 101/104
Wou et al, 2021 0.573 0.510 0.634 137/239
Alketbi et al, 2022 0.422 0.352 0496 76/180
Macri et al, 2022 0.607 0475 0.725 34 /56
Pooled 0.372 0.273 0.483 1695/6042
Prediction Interval 0.372 0.064 0.836

Event rate and 95% CI
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weight
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FIGURE 11. Forest plot for meta-analysis of the global prevalence of myalgia. CI: confidence interval.

search Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD) or Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD); and conducted clinical examination.
Further, our study applied a more robust tool to assess the risk
of bias. Hence, the included studies are more homogenous,
consistent, and reliable. Furthermore, our study included
analyses for the different types of TMDs, not included in

Zielinski et al.’s [ 14] study.

In fact, using standardized international diagnostic crite-
ria such as the RDC/TMD and DC/TMD, which we set as
an inclusion criterion, highlights the importance of reliable
assessment methods. The more reliable and valid the diag-
nostic tool, the more accurate the diagnosis will be. Our
study was strict with regard to the tool of TMD diagnosis.
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Study name
Event Lower Upper

rate limit limit Total
Balke et al, 2010 0.126 0.088 0.176 28/223
Patricia et al, 2015 0.734 0.693 0.771 356/485
Al-Khotani et al, 2016 0.177 0120 0.255 22/124
Loster et al, 2017 0.042 0.024 0.075 11/260
Talaat et al, 2018 0.002 0.000 0.024 0/325
Bertoli et al, 2018 0.101 0.073 0.139 33/326
de Melo Junior et al, 2019 0.001 0.000 0.018 0/445
Paduano et al, 2020 0.071 0.034 0.141 7199
Barbosa et al, 2021 0.084 0.070 0.100 116/1381
Dstensjo et al, 2016 0.231 0.125 0.387 9/39
Jussila et al, 2017 0.338 0.287 0.393 103/305
Alrashdan et al, 2018 0.286 0.205 0.383 28 /98
Srivastava et al, 2021 0.132 0.076 0.218 12/91
Rauch et al, 2019 0.152 0.131 0.176 154/1012
Wieckiewicz etal, 2019 0433 0.341 0.529 45/104
Jivnani et al, 2017 0.441 0.286 0.608 15/34
Alketbi et al, 2022 0.783 0.717 0.838 141/180
Macri et al, 2022 0.089 0.038 0.197 5/56
Pooled 0.168 0.094 0.283 1085/5587
Prediction Interval 0.168 0.010 0.807

Relative
weight

Event rate and 95% CI
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FIGURE 12. Forest plot for meta-analysis of the global prevalence of arthralgia. CI: confidence interval.

Study name
Event Lower Upper

rate limit limit Total
Wu et al, 2010(a) 0.209 0176 0.247 104/497
Wou et al, 2010(b) 0.168 0.139 0.201 94/561
Balke et al, 2010 0.099 0.066 0.145 22/223
Yuetal, 2014 0.187 0.159 0220 116/619
Patricia et al, 2015 0.247 0211 0.288 120/485
Al-Khotani et al, 2016 0.258 0.189 0.342 32/124
Loster et al, 2017 0.092 0.063 0.134 24/260
Talaat et al, 2018 0455 0402 0510 148/325
Bertoli et al, 2018 0230 0.188 0279 75/326
Tecco etal, 2019 0.144 0.106 0.193 36/250
de Melo Junioretal, 2019 0.303 0.262 0.348 135/445
Paduano et al, 2020 0.005 0.000 0.075 0/99
Ostensjo et al, 2016 0.231 0.125 0.387 9/39
Jussila et al, 2017 0462 0407 0518 141/305
Alrashdan et al, 2018 0.755 0.661 0.830 74798
Srivastava et al, 2021 0.275 0.193 0.375 25/91
Rauch et al, 2019 0.319 0291 0.349 323/1012
Wieckiewicz et al, 2019 0981 0926 0995 102/104
Jivnani et al, 2017 0559 0392 0.714 19/34
Wu et al, 2021 0.506 0443 0569 121/239
Alketbi et al, 2022 0.183 0.133 0.247 33/180
Macri et al, 2022 0429 0306 0.560 24 /56
Pooled 0.298 0.239 0.365 1777/6372
Prediction Interval 0.298 0.091 0.644
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FIGURE 13. Forest plot for meta-analysis of the global prevalence of clicking/sound. CI: confidence interval.

This standardization facilitates the comparability of results
across different populations and settings, thereby enhancing
the generalizability of the findings. The consistent use of these
diagnostic criteria aids clinicians in accurately identifying and
managing TMDs, ensuring that patients receive appropriate
and evidence-based care. From a research perspective, the
continued use of standardized diagnostic criteria is crucial
for maintaining consistency across studies and improving the

quality and accuracy of prevalence estimates for TMDs [16,
33, 48].

It seems that TMDs are not uncommon: Nearly a third of
the global population (29.5%) are estimated to have TMDs,
with males affected less frequently than females (26.7% versus
36.7%; OR = 0.569; p < 0.001). It has been reported in the
medical literature that the rates of TMDs are higher among
individuals under 18 years of age. Our meta-analysis corrob-



Study name
Event Lower Upper

rate limit limit Total
Wu et al, 2010(a) 0.056 0.039 0.080 28/497
Wu et al, 2010(b) 0.034 0.022 0.052 19/561
Yu et al, 2014 0.015 0.008 0.028 9/619
Patricia et al, 2015 0.355 0.313 0.398 172/485
Al-Khotani et al, 2016 0.113 0.068 0.182 14/124
Loster et al, 2017 0.002 0.000 0.030 0/260
Talaat et al, 2018 0.249 0.205 0.299 81/325
Bertoli et al, 2018 0.006 0.002 0.024 2/326
Tecco et al, 2019 0.104 0.072 0.148 26/250
de Melo Junioretal, 2019 0.001 0.000 0.018 0/445
Paduano et al, 2020 0.040 0.015 0.103 4/99
Jussila et al, 2017 0.236 0.192 0.287 72/305
Alrashdan et al, 2018 0.255 0.179 0.350 25/98
Srivastava et al, 2021 0.099 0.052 0.179 9/91
Rauch et al, 2019 0.050 0.039 0.066 51/1012
Wieckiewicz et al, 2019 0.038 0.015 0.098 4/104
Wu et al, 2021 0.339 0.282 0401 81/239
Alketbi et al, 2022 0.178 0.129 0.241 32/180
Macri et al, 2022 0.125 0.061 0.240 7156
Pooled 0.081 0.050 0.129 636/6076
Prediction Interval 0.081 0.009 0.474
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FIGURE 14. Forest plot for meta-analysis of the global prevalence of limited mouth opening. CI: confidence interval.

orates this finding, revealing a prevalence of 38.5% among
those under 18 years, in contrast to a prevalence of 34.1%
among individuals aged 18 years and older. TMDs appear
to be predominantly concentrated in Europe (33.8%), fol-
lowed by Asia (27.9%) and South America (27.3%), whereas
their prevalence is comparatively lower in North America
(19.4%). As expected, the most prevalent TMD types are
myalgia (37.2%), clicking/joint sound (29.8%), and arthralgia
(16.8%), while limited mouth opening/locking was the least
prevalent (8.1%). The availability of such data is of paramount
importance for sizing the burden of TMDs, estimating treat-
ment needs, allocating resources, and informing targeted poli-
cies and interventions.

Based on these results, TMDs might represent a significant
and overlooked burden. This conclusion is supported by the
global burden of oral conditions data from 1990 to 2017 [49],
which indicated a global prevalence of dental caries in perma-
nent dentition of 29.4%, periodontitis of 9.8%, and total tooth
loss of 3.3%. In contrast, our systematic review reveals a TMD
prevalence rate that is similar to or even surpasses these global
burdens, highlighting that TMDs might constitute a silent
epidemic that has not received the necessary attention from
healthcare providers, the local community, or researchers.
However, further robust research is urgently needed to confirm
or refute such a conclusion.

Our meta-analysis found that the global prevalence of TMDs
18 29.5%, based on combined results from both RDC/TMD and
DC/TMD tools. However, the prevalence was 35.4% based
on DC/TMD and 26.5% based on RDC/TMD. Although the
number of participants in the studies (n = 18) that used the
old version of the tool (RDC/TMD) was 15175, nearly three
times the number of participants in the studies (n = 10) that

used the new version (DC/TMD, 5796 participants), this is yet
not a logic explanation of the observed difference. Instead,
given that DC/TMD is an updated tool of the previous one
(RDC/TMD), it is expected to have higher diagnostic accuracy,
better sensitivity, and specificity. Our observation implies that
the sensitivity (ability to distinguish those who have TMDs
as diseased with TMDs) and specificity (ability to distinguish
those with no TMDs as healthy) have been substantially im-
proved leading to more true positive and less false positive
detection, and we believe this is why the prevalence rate is
higher with the new tool (DC/TMD). We quote herein what
Schiffman and colleagues, who developed these tools, stated
in their publication: “The original RDC/TMD Axis I physical
diagnoses have content validity based on the critical review by
experts of the published diagnostic approach in use at that time
and were tested using population-based epidemiologic data.
Subsequently, a multicenter study showed that, for the most
common TMD, the original RDC/TMD diagnoses exhibited
sufficient reliability for clinical use”. They also mentioned
that the new DC/TMD needs to be evaluated for a long time in
future studies [16]. Accordingly, the old tool might have led
to underestimation. However, the new tool can’t be innocent
of overestimation. Generally, we are still waiting for further
studies to determine the validity of the new tool exactly as we
previously judged the old tool.

In their review, Valesan et al. [13] reported an overall
prevalence of TMDs in adults and the elderly of 29.3% for
RDC/TMD, 38.8% for DC/TMD, and 31.1% for the combined
criteria (RDC + DC). In another review, Zielinski ez al. [14]
noted a global TMD incidence of 34%. The former analysis
included 21 studies using five different search engines, while
the latter comprised 74 studies sourced only from PubMed
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over a three-year period, highlighting inconsistencies in study
selection criteria. In our study, we applied strict selection
guidelines, where a minimum of 200 participants was condi-
tional, whereas the previous studies included research with as
few as 30 participants, which may not accurately represent the
broader population. The high prevalence of TMD cases in
the population highlights the significance of this condition. It
poses a considerable economic and social challenge. Contin-
ued research into its diagnosis and treatment is essential.

Studies consistently show that females are more affected
than males, with some research suggesting that females are
twice as likely to develop TMDs [29, 50, 51]. Our study
supports these findings: males were found to be affected less
frequently than females (26.7% versus 36.7%; OR = 0.569;
p < 0.001). In their review, Zielinski et al. [14] concluded
that, on average, the female group was 9% to 56% larger than
the male group across all continents. These findings highlight
the need for targeted interventions focusing on females to
help reduce the burden of TMDs in this vulnerable group
[50]. The hormonal and psychosocial factors associated with
TMDs could offer valuable insights into the observed gender
differences, potentially guiding more effective prevention and
treatment strategies [52]. The substantial disparities between
genders underscore the importance of implementing gender-
specific treatment approaches to target the elevated prevalence
of TMDs among females, potentially leading to enhanced
patient outcomes.

The prevalence of TMDs is reportedly higher in early adult-
hood, particularly between the ages of 20 and 40, and tends
to decrease in older adults. In their review, Valesan et al. [13]
were unable to conduct a meta-analysis for TMD prevalence in
children, while Zielinski et al. [14] reported rates of 27% for
those under 18 and 41% for those between 18 and 60 years. Our
meta-analysis revealed slightly higher prevalence of TMDs
among individuals under 18 years of age (38.5%), compared
to 34.1% among individuals aged 18 years and older.

TMDs appear to be most prevalent in Europe (33.8%) fol-
lowed by Asia (27.9%) and South America (27.3%), with
the lowest prevalence rate was in North America (19.4%).
These findings do not align with certain results reported by
Zielinski et al. [14], who noted prevalence rates of 33% in
Asia, 29% in Europe, 47% in South America and 26% in North
America. This discrepancy raises important questions about
the relationship between TMDs and geographic, cultural, or
anthropometric factors. Additionally, the lack of data from
Africa and Australia, along with the limited number of studies
in North and South America, highlights the need for greater
attention from researchers and healthcare providers in these
regions.

The lower reported prevalence of TMD in North America
should be interpreted with caution in the context of the findings
of the present meta-analysis, as it is based on data from only
two studies. This observation does not necessarily suggest
a lower true prevalence; rather, it underscores the need for
further research to attain a more comprehensive understanding
of TMD prevalence in this region.

The most common types of TMDs were myalgia (37.2%),
clicking/joint sounds (29.8%), and arthralgia (16.8%), while
limited mouth opening/locking was the least common (8.1%).

Recent systematic reviews did not report the prevalence of
myalgia; Valesan et al. [13] only mentioned clicking/joint
sounds and arthralgia, reporting the prevalence of the former
at approximately 25.9% and of the latter at just 7%. Their
analysis included only 11,535 participants, whereas our meta-
analysis included 20,971 individuals, making our results more
representative of the population due to the larger sample size.

This systematic review and meta-analysis offer a thorough
overview of the prevalence of TMDs across various popula-
tions and settings. The findings highlight the necessity for
targeted interventions and additional research to effectively
tackle the global burden of TMDs. Generally, studies with
larger sample sizes were found to yield more reliable and
accurate prevalence estimates, underscoring the importance of
larger samples in refining prevalence data. This is essential for
developing effective treatment strategies for TMDs.

5. Strengths and limitations

One notable strength of this study compared to previous re-
views is its adherence to strict criteria, particularly in terms
of diagnostic standards (RDC/TMD and DC/TMD). Other
strengths include a minimum sample size of 200 and a focus
on population-based studies. However, there are limitations
to acknowledge in the present study. Relying on only three
databases may have led to the omission of some relevant stud-
ies, even though these databases are among the most compre-
hensive in the field. Other databases like Embase or CINAHL
might improve the comprehensiveness of the findings. The
presence of one study with a high risk of bias, along with
13 with a moderate risk of bias, is a significant limitation,
though it reflects transparency in reporting the various aspects
of the current review. Other quality assessment tools like
Joanna Briggs Institute (JBI) or the Newcastle-Ottawa Scale
(NOS) might reveal different findings. Another limitation
worth mentioning was the high heterogeneities of the outcomes
among studies which might raise doubts about the results
of meta-analyses, and hence weaken the conclusions. Fur-
thermore, this review included studies that involved student
populations, particularly within school settings, which may
limit the generalizability of our findings due to the typically
higher prevalence of TMD among these groups compared to
the general population. However, we incorporated studies with
a minimum sample size of 200 to strengthen the robustness of
our results. Furthermore, the reliance on school-based samples
represents a pragmatic approach to investigating younger age
cohorts, particularly those under 18 years. Future research
should prioritize sampling from broader population cohorts to
ensure the findings reflect the general population. Moreover,
while our study aimed to illustrate age-specific trends, we
recommend that future meta-analyses differentiate between
student and general population samples to stand on these preva-
lence rates and associations across these demographics more
effectively. This approach would enhance the applicability of
findings to both clinical practice and public health interven-
tions aimed at addressing TMD in diverse age and population
groups.



6. Conclusions

This comprehensive review and meta-analysis of 27 studies
examining the global prevalence of TMDs provides critical
insights into the distribution, demographics, and characteris-
tics of TMDs across different populations. However, given
the relatively few number of studies included that might not
represent the different geographic regions, populations, and
types of TMDs, and the other limitations mentioned earlier,
there is an urgent need for further research to confirm or refute
the below-listed conclusions, and to interpret them cautiously:

1. TMDs affect nearly a third of the global population
(29.5%), indicating that one in nearly three individuals may
be affected by these disorders worldwide.

2. The global burden of TMDs is higher among females
compared to males (36.7% versus 26.7%).

3. TMDs are slightly more prevalent among those under
18 years, with a prevalence of 38.5% among those under 18
years of age compared to 34.1% among those aged 18 years
and older.

4. TMDs’ burden varies significantly by continent, with
higher prevalence in Europe (33.8%) followed by Asia (27.9%)
and South America (27.3%), with a lower prevalence in North
America (19.4%).

5. The most common types and symptoms of TMDs are
myalgia (37.2%), clicking/joint sounds (29.8%), arthralgia
(16.8%), and limited mouth opening (8.1%).
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