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Abstract 

Objectives  This study investigated the prevalence of temporomandibular disorders (TMD) in patients with malocclu-
sion through a systematic review and meta-analysis.

Materials and methods  A comprehensive literature search was conducted up to November 15, 2024. Cross-
sectional studies providing data on TMD prevalence among malocclusion patients were included. Study quality 
was assessed using the Joanna Briggs Institute (JBI) checklist. A random-effects model was used for meta-analysis, 
with subgroup and meta-regression analyses to explore heterogeneity. Sensitivity analyses were performed to evalu-
ate result robustness.

Results  Thirty-two studies were included, showing an overall TMD prevalence of 43% (95% CI: 35%-50%; I2 = 97.9%). 
Prevalence was higher in females (44%) than males (33%) and in adults (42%) than adolescents (39%). Among maloc-
clusion types, Class II (40%) and posterior unilateral crossbite (59%) had the highest TMD prevalence. Sensitivity analy-
sis confirmed the robustness of findings, though diagnostic criteria variations contributed to heterogeneity.

Conclusions  The prevalence of TMD in malocclusion patients was 43%, with higher rates in females, adults, and spe-
cific malocclusion types such as Class II, open bite, overjet, and crossbite. Variations in diagnostic criteria and maloc-
clusion classification contributed to heterogeneity, emphasizing the need to consider individual patient character-
istics when assessing TMD risk. Standardized diagnostic criteria, representative sampling, and multilingual search 
strategies are essential for future research to minimize bias and improve data reliability.
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Introduction
Malocclusion, a globally prevalent oral health issue, 
affects around 48%−81% of the population [1, 2]. It is 
mainly caused by genetic and environmental factors 
during growth and development, and it can also result 
from trauma, periodontal disease, and other reasons 
after the completion of growth and development. The 

main symptoms of malocclusion are abnormal occlusion 
(such as irregular dentition, excessively wide or narrow 
interdental spaces, crowded dentition) and/or craniofa-
cial disorders [2, 3]. In addition, malocclusion can affect 
dentofacial development and oral health/function [4–7], 
and specific malocclusion classes may be associated with 
temporomandibular disorders (TMD) [8, 9].

Currently, numerous orthodontists, especially maxil-
lofacial surgeons, encounter various issues related to 
TMD when diagnosing and treating patients with maloc-
clusion, such as TMD [10–13]. Understanding the TMD 
prevalence in patients with malocclusion can help ortho-
dontists and maxillofacial surgeons accurately identify 
high-risk patients, develop personalized treatment plans, 
and take active management measures, thus significantly 
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improving the quality of life of patients. Yap et al. found 
that two-thirds of the patients seeking orthodontic treat-
ment exhibit symptoms related to TMD, with 20.3% of 
them experiencing moderate to severe TMDs [14]. Jain 
et al. reported that among individuals aged 19 to 30 years, 
approximately 24% of the patients with Class I and Class 
II malocclusion as well as 50% of the patients with Class 
III malocclusion were affected by some degree of TMD 
[15]. Conti’s study reported that TMD was identified in 
34% of the samples from the Department of Orthodon-
tics, while moderate TMD was found in 3.5% [16]. In 
addition, a variety of similar studies have reported dif-
ferent prevalence rates of TMD [15, 17–19]. Therefore, a 
consensus on the prevalence of TMD among individuals 
with malocclusion has yet to be established.

Based on some original studies published to date, 
this study aimed to investigate the prevalence of TMD 
among individuals with malocclusion. The findings are 
intended to guide future studies and potentially contrib-
ute to developing guidelines and clinical management 
strategies.

Methods
The protocol of this meta-analysis was developed fol-
lowing the Preferred Reporting Project for Systematic 
Reviews and Meta-Analyses (PRISMA) statement for 
reporting systematic reviews. In addition, this study was 
registered in the International Prospective Register of 
Systematic Reviews (PROSPERO), identified by the regis-
tration number CRD42024518150.

Search strategy
This systematic review and meta-analysis aimed to 
address the following research question: What is the 
prevalence of TMD in patients with malocclusion, and 
how does this prevalence vary according to different 
diagnostic criteria, age groups, sex, and malocclusion 
subtypes? A comprehensive literature search on PubMed, 
Cochrane Library, EMBASE, and Web of Science elec-
tronic databases was conducted with no restrictions on 
region until 15 November 2024. The search terms were 
related to “prevalence”, “malocclusion” and “temporo-
mandibular disorder”. The search strategies across vari-
ous databases were nearly consistent. A supplementary 
manual search for grey literature was conducted through 
Google Scholar, university documents, and reference lists 
of other included studies. Specific search strategies are 
available in the supplementary material (Table S1).

Inclusion and exclusion criteria
Studies published in English and met the following crite-
ria were included: (1) studies with data on the prevalence 
of TMD in malocclusion populations; (2) studies enrolled 

participants of all ages and sex diagnosed with all types 
of malocclusions, without restrictions on race or region; 
(3) articles with accessible full text; and (4) studies with a 
cross-sectional design.

Exclusion criteria were as follows: (1) duplicate publi-
cations; (2) reviews, systematic reviews, meta-analyses; 
(3) meeting abstracts/summaries, case reports, guide-
lines, letters to the editor, editorials, study protocols, 
brief communications, animal experiments; and (5) stud-
ies with non-extractable outcome data.

Literature screening
All retrieved studies were imported into EndNote X9 to 
eliminate duplicate records. Two investigators (Lijun, 
Huang (L, H) and Yafen, Xu (Y, X)) independently exam-
ined titles and abstracts to exclude articles that did not 
report the prevalence of TMD in malocclusion or were 
not suitable for calculating data. The results were cross-
checked to ensure validity and accuracy. Disagreements 
between the two regarding study inclusion were resolved 
through discussions with a third investigator (Ziyi, Xiao 
(Z, X)).

Data extraction
The following data from eligible studies were collected: 
basic information (first author, country, year of publica-
tion), demographic and epidemiological information 
(sample size of patients with malocclusion, sample size 
of TMD patients among malocclusion patients, mean or 
median age, sample source), classification of malocclu-
sions, diagnostic criteria for TMD. The data extraction 
process was completed by one investigator and indepen-
dently reviewed by another. If there was any uncertainty 
or disagreement, a third independent investigator (Z, X) 
was consulted to resolve the issue.

Risk of bias and quality assessment
The risk of bias and methodological quality of the 
included studies were assessed using the Joanna Briggs 
Institute (JBI) checklist. This tool is specifically designed 
for systematic reviews and meta-analyses that report 
prevalence data, as described by the methodological 
working group of the Joanna Briggs Institute [20]. The 
checklist evaluates multiple aspects of the study design, 
including sampling methods, data collection meth-
ods, and statistical analyses to ensure its suitability for 
the current analysis. The JBI quality assessment tool for 
prevalence studies includes nine items [21], and each 
item was judged as ‘yes,’ ‘no,’ ‘unclear,’ or ‘not applicable.’ 
Based on the scores, each study was rated as high qual-
ity (≥ 7), moderate quality (5–6), or low quality (≤ 4) 
[21–23]. To identify the potential sources of bias, three 
key factors were particularly evaluated, including sample 
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selection, diagnostic criteria, and data reporting. The 
quality assessment was independently carried out by two 
investigators (L, H and Y, X), and any disagreements were 
tackled by a third investigator (Z, X).

Statistical analysis
STATA software (version 16.0, StataCorp LLC, Col-
lege Station, Texas, USA) was employed to conduct 
data analysis. Heterogeneity between the included stud-
ies was assessed using the Cochran chi-square test and 
then quantified by the I2 value. Studies were categorized 
as low heterogeneity (I2 < 25%), moderate heterogeneity 
(I2 = 25–75%), and high heterogeneity (I2 > 75%). Hetero-
geneity was considered present among the corresponding 
studies when p < 0.1 or I2 > 50% [24]. A random-effects 
model was utilized if there was significant heterogeneity 
between studies. Otherwise, a fixed-effects model was 
chosen. To explore the sources of heterogeneity, subgroup 
analyses and meta-regression analyses with a random-
effects model were performed to assess the prevalence 
of TMD in patients with malocclusion based on sex, age, 
and subtypes of malocclusion. To evaluate the impact of 
study quality and individual studies on the pooled results, 
sensitivity analyses were performed through the leave-
one-out method, with each study sequentially removed 
to observe its influence on the overall effect size. Addi-
tionally, a restricted sensitivity analysis was conducted, 
in which only high-quality studies (low risk of bias) were 
included. Then the pooled effect size from these studies 
was compared to the original pooled estimate to assess 
the robustness of the findings. All statistical analysis 
results were deemed significant at a threshold of p < 0.05.

Results
Search results
A sum of 1367 studies were located. Subsequently, 442 
duplicate articles, 89 review papers, and 110 publications 
(e.g. animal experiments, non-English literature, confer-
ence abstracts, and case reports) were excluded. More-
over, 669 of the remaining 726 studies were excluded 
following reading the title and abstract. After reviewing 
the remaining 48 articles that potentially met the crite-
ria, 16 studies were further excluded. Among them, ten 
studies were not cross-sectional studies, five studies did 
not include individuals with malocclusion, and one study 
reported the same data as another study. Table S2 lists 
the articles excluded after the full-text review. Ultimately, 
32 studies were included in the meta-analysis. The spe-
cific screening process can be found in Fig. 1.

Characteristics of the included studies
The studies included were published from 2002 to 2024. 
According to geographic location, most studies were 

conducted in Europe (n = 18), followed by South Amer-
ica (n = 9), and Asia (n = 5). Moreover, 16 of the included 
studies were conducted at schools/institutes/villages/
recruits, 9 at clinics, and 5 at the orthodontics depart-
ment. The sample sizes of the main studies ranged from 
19 to 7,476. All selected studies used a cross-sectional 
study design. Twenty studies enrolled participants under 
the age of 20, nine included participants aged between 20 
and 40, and three encompassed participants across all age 
ranges. TMD was diagnosed based on Diagnostic Crite-
ria for Temporomandibular Disorders (DC/TMD) (Axis 
I and Axis II) in 8 studies, Axis I of the Research Diag-
nostic Criteria for Temporomandibular Disorders (RDC/
TMD) in 4 studies, Fonseca Anamnestic Index (FAI) in 6 
studies, and Helkimo Index in 4 studies. In the remaining 
11 studies, TMD was diagnosed with a specific interview 
combined with clinical examination (Table 1).

Quality assessment of the selected studies
Research quality was evaluated in accordance with the 
JBI Critical Appraisal Tool. Seventeen studies were clas-
sified as high-quality, while 14 studies were considered 
moderate quality and only one was rated as low quality 
(Table S3).

The bias identified in the included studies was mainly 
due to sample selection, diagnostic criteria, and data 
reporting. Many studies relied on convenience sampling, 
such as recruiting participants from orthodontic clinics 
or schools, which may limit the generalizability of the 
findings to the wider populations. Variability in the diag-
nostic criteria for TMD, including self-reported ques-
tionnaires and clinical examinations using different tools 
(e.g., DC/TMD, Helkimo Index) also contributed to het-
erogeneity and potential misclassification. Furthermore, 
some studies had incomplete or inconsistent reporting 
of demographic data, such as age and sex distributions, 
limiting the ability to perform more detailed subgroup 
analyses.

Systematic review and meta‑analysis
A total of 18 studies reported the prevalence rate of 
TMD. The total sample size was 11,348, among which 
3,492 were diagnosed with TMD. Our systematic review 
showed a range of TMD prevalence of 15.6%−78.9%. 
Meta-analysis revealed that the overall prevalence of 
TMD in malocclusion was 43% (95% CI: 35% 50%; 
I2 = 97.9%) (Fig. 2).

Subgroup analysis
To explore the sources of heterogeneity, a subgroup 
analysis was conducted based on TMD diagnostic cri-
teria, sex, age, and subtypes of malocclusion (Table  2). 
Subgroup analyses showed varying TMD prevalence 
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across diagnostic criteria, with Helkinmo Anamnestic 
Index at the highest rate of 49% (95% CI: 23%−75%), fol-
lowed by DC/TMD at 47% (95%CI: 38%−57%), and FAI 
at 46% (95%CI: 24%−67%). RDC/TMD Axis I, however, 
identified the lowest prevalence of TMD at 30% (95%CI: 
18%−43%).

For the age-based subgroup analysis, the preva-
lence of TMD in participants aged < 19  years (39%, 
95% CI: 20%−57%) was lower than that in participants 
aged ≥ 19 years (42%, 95% CI: 28%−56%).

In the sex subgroup, the prevalence of TMD was higher 
in females (44%, 95% CI: 24%−64%) than in males (33%, 
95% CI: 22%−44%).

For the subgroup analysis on malocclusion subtypes, 
the prevalence of TMD was highest in patients with 
Class II malocclusion (40%, 95% CI: 32%−49%), fol-
lowed by Class III (39%, 95% CI: 27%−50%). Prevalence 
of TMD was lowest in Class I malocclusion (31%, 95% 
CI: 24%−38%). Within the Class II subclassifications, the 
prevalence of TMD in Class II/2 (44%, 95% CI:23%−64%) 
was higher than in Class II/1 (39%, 95% CI:28%−49%). 

For other malocclusion subtypes, the TMD prevalence 
rate for open bite, overjet, and crossbite were 42% (95% 
CI: 24%−59%), 40% (95% CI: 36%−44%), and 37% (95% 
CI: 27%−48%), respectively. Moreover, in crossbite sub-
classifications, the prevalence of TMD was highest in 
posterior unilateral crossbite (59%, 95% CI: 46%−72%), 
followed by posterior crossbite (30%, 95% CI: 15%−45%), 
and anterior crossbite (18%, 95% CI: 8%−28%).

Meta‑regression
Meta-regression showed that different Class categories 
may be the source of heterogeneity (P = 0.048 < 0.05).

Sensitivity analysis
Sensitivity analysis of TMD prevalence in the total mal-
occlusion population suggested that none of the stud-
ies exerted a significant influence on the overall results 
(Table S4). Sensitivity analysis of high-quality stud-
ies (low risk of bias) showed a pooled effect size of 0.35 
(95% CI: 0.26, 0.44), lower than the original 0.43 (95% CI: 
0.35, 0.50), suggesting that studies with higher bias may 

Fig. 1  PRISMA flow diagram for search and selection of eligible studies included in the meta-analysis
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overestimate TMD prevalence. Excluding high-quality 
studies one by one did not significantly alter the pooled 
effect size, confirming the robustness of the findings 
(Table S5).

Discussion
This study introduced the first meta-analysis of TMD 
prevalence in patients with malocclusion and showed 
that the overall prevalence of TMD in the malocclusion 
population was 43% (95% CI: 35%−50%). Although the 
prevalence of TMD varied according to diagnostic meth-
ods, with the highest prevalence found in patients diag-
nosed by the Helkinmo Anamnestic Index (49%, 95% 
CI: 23%−75%), the overlapping CIs suggested that these 
differences were not statistically significant. Similarly, 
while subgroup analyses revealed differences in TMD 
prevalence across age, sex, and malocclusion types, cau-
tion should be exercised when interpreting these find-
ings given the exploratory results and imprecise data. 
For instance, the prevalence of TMD was slightly higher 
in participants aged ≥ 19 years (42%, 95% CI: 28%−56%) 
than in those aged < 19  years (39%, 95% CI: 20%−57%), 
and higher in women than in men. Among malocclusion 
classifications, Class II showed the highest prevalence 
(40%), with Class II/2 (44%) being higher than Class II/1. 
Open bite exhibited the highest prevalence (42%) among 
other malocclusion types, and posterior unilateral cross-
bite topped the list among crossbite subtypes (59%). 

These trends, however, need to be further validated with 
larger and more precise datasets in future studies. Of the 
32 studies included, only one was of low quality, account-
ing for 3%, so the overall study quality was good.

The bias in the included studies mainly came from 
sample selection, diagnostic criteria, and inconsistent 
reporting. Many studies relied on convenience sampling, 
with most participants from specific settings (such as 
orthodontic clinics or schools), which limited the gen-
eralizability of the findings to the wider population. In 
addition, heterogeneity in TMD diagnostic criteria (from 
self-reported questionnaires to clinical examinations 
using different tools, such as DC/TMD, Helkimo index) 
may lead to classification bias and increase heterogeneity 
in outcomes. Some studies had incomplete or inconsist-
ent reporting of demographic data, such as age and sex 
distributions, which further limited the ability to con-
duct detailed subgroup analyses. These biases reflect the 
exploratory nature of subgroup analyses and caution is 
advised in interpreting the results. To improve the relia-
bility and comparability of research results, future studies 
should adopt standardized diagnostic criteria and repre-
sentative sampling methods.

The sensitivity analysis conducted for TMD preva-
lence in the total malocclusion population suggested 
that no single study significantly influenced the overall 
results, confirming the robustness of the findings. When 
restricted to studies with a low risk of bias (high-quality 

Fig. 2  Forest plot of prevalence of TMD in malocclusion patients
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studies), the pooled effect size was 0.35 (95% CI: 0.26, 
0.44), which was lower than the original effect size of 0.43 
(95% CI: 0.35, 0.50). This result indicates that studies with 
a higher risk of bias may have slightly overestimated the 
prevalence of TMD. These results highlight the need for 
future studies to adopt rigorous methodologies to mini-
mize potential bias and enhance the reliability of preva-
lence estimates.

In this systematic review, we summarized the range of 
TMD prevalence across studies (15.6%−78.9%) and found 
that the wide variation in prevalence may be influenced 
by sample sources, diagnostic tools, and study designs. 
The results of the meta-analysis showed that the overall 
prevalence of TMD in patients with malocclusion was 
43% (95% CI: 35%−50%). This result lies near the middle 

of the prevalence range in the systematic review, sup-
porting the conclusion of previous studies that TMD has 
a certain prevalence (21.1%−73.3%) in the malocclusion 
population [9]. Meanwhile, the meta-analysis further 
revealed that malocclusion type may be a source of het-
erogeneity in the risk of TMD by quantifying the preva-
lence in different subgroups (e.g., sex, age, malocclusion 
type, and diagnostic tools).

By summarizing experimental occlusal interference 
studies published over 68  years, Clark et  al. [25] found 
that contacts disrupting maximum intercuspation can 
hinder the seamless functioning of the jaw and, in some 
instances, lead to muscular discomfort and joint clicking. 
Mediotrusive interferences may result in tensile loads 
in the temporomandibular joint (TMJ) complex, and 

Table 2  The pooled overall prevalence of TMD in study subgroups

Subgroup Numbers 
of studies

Numbers of TMD 
in malocclusions

Sample size Subgroup analysis Meta-
regression

prevalence 95% Cl I2 (%) p-value I2 (%) p-value

Malocclusion 18 3492 11348 0.43 0.35, 0.50 97.90% 0.000

Criteria for diagnosing TMD 0.00% 0.094

  DC/TMD 4 673 1353 0.47 0.38, 0.57 89.00% 0.000

  RDC/TMD Axis I 2 278 900 0.30 0.18, 0.43 94.10% 0.000

  FAI 5 475 1053 0.46 0.24, 0.67 98.20% 0.000

  Helkinmo Anamnestic Index 3 152 386 0.49 0.23, 0.75 96.20% 0.000

  Others 4 1914 7656 0.37 0.25, 0.49 96.70% 0.000

Age 9 2277 8357 0.40 0.28, 0.51 99.10% 0.000 0.00% 0.984

 < 19 6 820 4293 0.39 0.20, 0.57 98.80% 0.000

  ≧19 3 1457 4064 0.42 0.28, 0.56 96.10% 0.000

Sex 17 1152 3679 0.38 0.28, 0.49 98.80% 0.000 0.00% 0.635

  Males 9 452 1789 0.33 0.22, 0.44 97.20% 0.000

  Females 8 700 1890 0.44 0.24, 0.64 99.30% 0.000

Class classification of malocclusion 0.36 0.32, 0.40 96.80% 0.000 0.00% 0.048

  Class I 15 2009 7334 0.31 0.24, 0.38 97.80% 0.000

  Class II 21 934 3187 0.40 0.32, 0.49 97.10% 0.000

  Class II/1 6 393 1179 0.39 0.28, 0.49 90.70% 0.000

  Class II/2 6 145 439 0.44 0.23, 0.64 94.50% 0.000

  Class III 14 315 998 0.39 0.27, 0.50 94.70% 0.000

  Different classes on both side 3 129 426 0.34 0.15, 0.53 93.70% 0.000

Other classification of malocclusion 0.37 0.32, 0.43 94.80% 0.000 0.00% 0.067

  Bimaxiillary protrusion 2 192 626 0.29 0.23, 0.36 65.10% 0.090

  Crowding 3 60 578 0.17 0.00, 0.34 92.70% 0.000

  Open bite 9 59 186 0.42 0.24, 0.59 86.60% 0.000

  Overbite 7 286 961 0.34 0.17, 0.51 97.30% 0.000

  Overjet 7 274 684 0.40 0.36, 0.44 0.00% 0.481

  Crossbite 17 209 776 0.37 0.27, 0.48 92.20% 0.000

  Anterior crossbite 4 63 351 0.18 0.08, 0.28 82.10% 0.001

  Posterior crossbite 7 67 269 0.30 0.15, 0.45 83.50% 0.000

  Posterior unilateral crossbite 2 32 54 0.59 0.46, 0.72 0.00% 0.806
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occlusal treatments, such as prosthetics and orthodon-
tics, may challenge or even exceed the adaptability of TMJ 
[26, 27]. Nonetheless, there are studies in the systematic 
review that point out that the direct causal relationship 
between malocclusion and TMD is unclear, especially in 
studies that did not adequately control for confounders. 
The results of the meta-analysis similarly had significant 
heterogeneity (I2 = 98.1%), suggesting that differences in 
sample selection, diagnostic tools, and study quality may 
have led to inconsistent results. Thus, by combining the 
qualitative insights of systematic reviews with the quanti-
tative validation of meta-analysis, this study both reveals 
the limitations of the current evidence and provides a 
clearer direction for future research.

The current study showed that the lowest prevalence of 
TMD was observed in patients diagnosed by RDC/TMD 
Axis I, at 30%. However, a higher TMD prevalence rate 
was found in patients diagnosed by, Helkinmo Anamnestic 
Index, DC/TMD, and FAI at, 49%, 47%, and 46% respec-
tively. The Helkinmo Anamnestic Index categorizes patients 
that have three affirmative responses to perceived problems 
(headache, neck pain, and emotional stress) as having mild 
TMD with low sensitivity [28], resulting in a high preva-
lence of diagnosed TMD. FAI is a quick and easy-to-use 
tool that consists of 10 questions and does not require clini-
cal examination [29, 30], which may account for the higher 
prevalence of TMD in patients with malocclusion. RDC/
TMD protocol can be divided into two axes: Axis I is used 
to measure symptoms and signs by memory questionnaire 
and clinical examination [31–33]. Axis II is used to assess 
the psychological state and pain-related disability of TMD 
[34]. As a subset of the RDC/TMD diagnostic criteria, Axis I 
is characterized by a more rigorous diagnostic standard that 
typically results in a lower estimated prevalence rate. The 
above evidence firmly supports our findings.

This study found that the prevalence of TMD among 
adolescents with malocclusion was lower than that of 
adults. Adolescents are at a critical stage of growth, and 
their TMJs show greater adaptability and plasticity than 
adults [35, 36]. This enhanced adaptability may help to 
reduce the prevalence of TMD in adolescents. A system-
atic review reported that the overall prevalence of TMJ 
disorders was higher in adults (approximately 31%) than 
in children and adolescents (11%) [37]. Additionally, a 
meta-analysis found that the global incidence of TMDs 
was 34%, with the population of 18–60  years being the 
most affected, further supporting the higher prevalence 
in adults [38]. Together, these results suggest that age 
may be a key factor in the pathogenesis of TMD. The 
present study further found that age also significantly 
affected the risk of TMD in the malocclusion population. 
Moreover, the results showed that TMD affected female 
patients with malocclusion more frequently, which is 

consistent with the findings of a previous study [39]. 
Studies have demonstrated that sex plays a significant 
role in the development of TMD. It has been reported 
that women have twice the risk of TMD than men [39]. 
Genome-wide association study has revealed that mus-
cle RAS oncogene homolog (MRAS) may contribute to 
reducing the incidence of painful TMD in males, and 
this is a male-specific effect [40]. This finding supports 
our results that women have a higher prevalence of TMD 
than men. Sex-specific disparities in estrogen signaling 
predispose women to a higher risk of developing TMD. 
Moreover, the distinct anatomical and structural features 
of the TMJ in men and women may result in biomechani-
cal alterations, and thus mechanical fatigue is more likely 
to occur in women [41]. A case–control study [42] sug-
gested that in women with TMD, estrogen might trig-
ger a hyperinflammatory response, potentially leading to 
increased clinical pain through central sensitization. This 
reminds clinicians to pay special attention to the symp-
toms of female patients with malocclusion when diag-
nosing and treating TMD and to consider the possible 
impact of sex differences on the treatment effect.

At the same time, the prevalence of TMD in Class II 
was higher than that in Class III and Class I. The preva-
lence of TMD was higher than that in open bite, overjet, 
and crossbite than that in other types (overbite, bimaxiil-
lary protrusion, crowding) of malocclusion. These results 
suggest that certain specific types of malocclusion may 
increase the risk of TMD, which has important implica-
tions for clinical evaluation and treatment planning. Evi-
dence [43] showed altered TMJ morphology in Class 
II vertical and Class II horizontal patients. In addition, 
MRI evaluation demonstrated a tendency for anterome-
dial disc displacement and anteriorly positioned condyles 
in Class II vertical patients. Moreover, Ari-Demirkaya 
A et  al. found that open bite cases exhibit greater verti-
cal discrepancies between centric relation and centric 
occlusion slides, along with shorter protrusion paths than 
normal cases. However, in asymptomatic and sympto-
matic TMD patients, statistically significant differences 
between centric relation and maximum intercuspation 
at the condylar level were quantifiable [44]. One study 
[45] reported that children with posterior crossbite may 
experience decreased bite force during chewing or occlu-
sion, due to asymmetric muscle function. The anterior 
temporalis muscle was more engaged on the side of the 
crossbite, whereas the masseter muscle exhibited reduced 
activity on the same side. This finding implied that cross-
bites could play a significant role in the development of 
myogenous TMD. Therefore, in the process of examina-
tion and diagnosis of patients seeking orthodontic treat-
ment, clinicians should pay more attention to the state 
of TMJ in patients with class II, open bite, and crossbite 
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malocclusion, and find out the possible TMD in time. 
Articles have demonstrated that patients with osteoar-
throsis are often characterized by longer retruded contact 
position-intercuspal position occlusal slides and larger 
overjet [46]. Children and adolescents with overjet devia-
tions of > 6  mm in comparison to the norm are associ-
ated with significant limitations of the oral health-related 
quality of life [47]. However, we were unable to determine 
whether certain high-risk occlusal features are risk factors 
for TMD or whether occlusal problems may be secondary 
to TMD. In any case, our results have important impli-
cations for clinical practice. The initial evaluation and 
dynamic monitoring of TMJ function should be enhanced 
during orthodontic treatment of high-risk malocclusion 
types for TMD (e.g., class II malocclusion, open bite).

Limitations
However, this meta-analysis had several limitations. First, 
variations in TMD diagnostic criteria and malocclusion 
classifications across studies introduced classification bias 
and contributed to heterogeneity, limiting direct com-
parisons. Although subgroup analyses were performed, 
inconsistencies in definitions prevented standardized 
evaluations. Second, many studies relied on convenience 
sampling (e.g., orthodontic clinics or schools), reducing 
the generalizability of findings. Additionally, incomplete 
demographic data reporting (e.g., age and sex) hindered 
more detailed subgroup analyses. Third, only English-lan-
guage studies were included, which may have introduced 
language bias and excluded relevant non-English research. 
Lastly, high heterogeneity (I2 = 97.9%) suggests substan-
tial variability in sample selection, diagnostic tools, and 
study designs. While sensitivity analyses indicated that 
study quality had minimal impact on the pooled estimates, 
potential bias cannot be entirely ruled out. Future research 
should prioritize standardized diagnostic criteria, repre-
sentative sampling methods, and multilingual search strat-
egies to improve reliability and generalizability.

Conclusion
This meta-analysis found that the overall prevalence of 
temporomandibular disorders (TMD) in malocclusion 
patients was 43%, with higher prevalence in females, 
adults, and certain malocclusion types such as Class II 
and posterior unilateral crossbite. Sensitivity analysis 
confirmed the robustness of results, though variations 
in diagnostic criteria and study quality contributed to 
heterogeneity. These results suggested that we should 
pay close attention to the possible risk of TMD in ortho-
dontic clinical settings. Future studies should prioritize 
standardized diagnostic criteria, representative sampling 
methods, and multilingual search strategies to minimize 
bias and enhance the generalizability of findings.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13005-​025-​00490-0.

Supplementary Material 1: Table S1. Search strategy. Table S2. The list of 
the articles excluded after the full-text review. Table S3. Detail data from 
JBI quality assessment. Table S4. The forest plots for the sensitivity analysis. 
Table S5. The forest plots for the restricted sensitivity analysis (studies with 
a low risk of bias).

Acknowledgements
Not applicable.

Authors’ contributions
All authors contributed to the study conception and design. Writing—original 
draft preparation: L.H.; Writing—review and editing: L.H.; Conceptualization: Y.X.; 
Methodology: Y.X.; Formal analysis and investigation: Z.X.; Funding acquisition: 
F.L.; Resources: Y.L.; Supervision: F.L., and all authors commented on previous 
versions of the manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by the Research Project of Health Commission of 
Hunan Province (No. 202108030155) and the Collaborative Fund of Depart-
ment of Science and Technology and Health Commission of Hunan Province 
(No. 2024JJ9541).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was a review and meta-analysis of existing, published literature not 
requiring ethics committee approval.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 August 2024   Accepted: 12 February 2025

References
	1.	 Lombardo G, Vena F, Negri P, Pagano S, Barilotti C, Paglia L, et al. Worldwide 

prevalence of malocclusion in the different stages of dentition: a system-
atic review and meta-analysis. Eur J Paediatr Dent. 2020;21(2):115–22.

	2.	 Shen L, He F, Zhang C, Jiang H, Wang J. Prevalence of malocclusion in 
primary dentition in mainland China, 1988–2017: a systematic review and 
meta-analysis. Sci Rep. 2018;8(1):4716.

	3.	 Zou J, Meng M, Law CS, Rao Y, Zhou X. Common dental diseases in 
children and malocclusion. Int J Oral Sci. 2018;10(1):7.

	4.	 El Osta N, Chambon P, Dol G, Soulier-Peigue D, Hennequin M. Does 
malocclusion affect ingestion: a systematic review. Clin Oral Investig. 
2024;28(1):111.

	5.	 Elyaskhil M, Shafai NAA, Mokhtar N. Effect of malocclusion severity on 
oral health related quality of life in Malay adolescents. Health Qual Life 
Outcomes. 2021;19(1):71.

	6.	 He J, Wang Y, Hu H, Liao Q, Zhang W, Xiang X, et al. Impact on the upper 
airway space of different types of orthognathic surgery for the correction 
of skeletal class III malocclusion: a systematic review and meta-analysis. 
Int J Surg. 2017;38:31–40.

https://doi.org/10.1186/s13005-025-00490-0
https://doi.org/10.1186/s13005-025-00490-0


Page 12 of 12Huang et al. Head & Face Medicine           (2025) 21:13 

	7.	 Liu BC, Lee IC, Lo LJ, Ko EW. Investigate the oral health impact and qual-
ity of life on patients with malocclusion of different treatment needs. 
Biomed J. 2019;42(6):422–9.

	8.	 Lekaviciute R, Kriauciunas A. Relationship between occlusal factors and 
temporomandibular disorders: a systematic literature review. Cureus. 
2024;16(2):e54130.

	9.	 Lai YC, Yap AU, Türp JC. Prevalence of temporomandibular disorders 
in patients seeking orthodontic treatment: a systematic review. J Oral 
Rehabil. 2020;47(2):270–80.

	10.	 Christensen L, Luther F. Adults seeking orthodontic treatment: expecta-
tions, periodontal and TMD issues. Br Dent J. 2015;218(3):111–7.

	11.	 Garcia MR, da Silva RD, Ferraz AX, Gonçalves FM, Santos RS, de Leão BLC, 
et al. Prevalence of signs and symptoms related to temporomandibu-
lar disorders and orofacial pain in patients indicated for orthognathic 
surgery: a meta-analysis. Clin Oral Investig. 2023;27(7):3307–19.

	12.	 Huang X, Cen X, Liu J. Effect of protraction facemask on the temporo-
mandibular joint: a systematic review. BMC Oral Health. 2018;18(1):38.

	13.	 Shroff B. Malocclusion as a cause for temporomandibular disorders 
and orthodontics as a treatment. Oral Maxillofac Surg Clin North Am. 
2018;30(3):299–302.

	14.	 Yap AU, Chen C, Wong HC, Yow M, Tan E. Temporomandibular disorders in 
prospective orthodontic patients. Angle Orthod. 2021;91(3):377–83.

	15.	 Jain S, Chourse S, Jain D. Prevalence and severity of temporomandibular 
disorders among the orthodontic patients using Fonseca’s questionnaire. 
Contemp Clin Dent. 2018;9(1):31–4.

	16.	 Conti A, Freitas M, Conti P, Henriques J, Janson G. Relationship between 
signs and symptoms of temporomandibular disorders and orthodontic 
treatment: a cross-sectional study. Angle Orthod. 2003;73(4):411–7.

	17.	 Valinhas S, Paço M, Santos R, Pinho T. Interrelationship between facial 
pattern, malocclusion, TMDs, head and neck posture and type of breath-
ing in young people. Rev Port Estomatol Med Dent Cirurg Maxilofac. 
2018;59:67–74.

	18.	 YalçınYeler D, Yılmaz N, Koraltan M, Aydın E. A survey on the poten-
tial relationships between TMD, possible sleep bruxism, unilateral 
chewing, and occlusal factors in Turkish university students. Cranio. 
2017;35(5):308–14.

	19.	 Svedström-Oristo AL, Ekholm H, Tolvanen M, Peltomäki T. Self-reported 
temporomandibular disorder symptoms and severity of malocclusion 
in prospective orthognathic-surgical patients. Acta Odontol Scand. 
2016;74(6):466–70.

	20.	 Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological guidance 
for systematic reviews of observational epidemiological studies reporting 
prevalence and cumulative incidence data. Int J Evid Based Healthc. 
2015;13(3):147–53.

	21.	 Cénat JM, Blais-Rochette C, Morse C, Vandette MP, Noorishad PG, Kogan 
C, et al. Prevalence and risk factors associated with attention-deficit/
hyperactivity disorder among US black individuals: a systematic review 
and meta-analysis. JAMA Psychiat. 2021;78(1):21–8.

	22.	 Liu RT, Walsh RFL, Sheehan AE, Cheek SM, Sanzari CM. Prevalence and 
correlates of suicide and nonsuicidal self-injury in children: a systematic 
review and meta-analysis. JAMA Psychiat. 2022;79(7):718–26.

	23.	 Alkodaymi MS, Omrani OA, Fawzy NA, Shaar BA, Almamlouk R, Riaz 
M, et al. Prevalence of post-acute COVID-19 syndrome symptoms at 
different follow-up periods: a systematic review and meta-analysis. Clin 
Microbiol Infect. 2022;28(5):657–66.

	24.	 Patsopoulos NA, Evangelou E, Ioannidis JP. Sensitivity of between-study 
heterogeneity in meta-analysis: proposed metrics and empirical evalua-
tion. Int J Epidemiol. 2008;37(5):1148–57.

	25.	 Clark GT, Tsukiyama Y, Baba K, Watanabe T. Sixty-eight years of experimen-
tal occlusal interference studies: what have we learned? J Prosthet Dent. 
1999;82(6):704–13.

	26.	 Peck CC. Biomechanics of occlusion–implications for oral rehabilitation. J 
Oral Rehabil. 2016;43(3):205–14.

	27.	 Walton TR, Layton DM. Mediotrusive occlusal contacts: best evidence 
consensus statement. J Prosthodont. 2021;30(S1):43–51.

	28.	 de Santis TO, Motta LJ, Biasotto-Gonzalez DA, Mesquita-Ferrari RA, 
Fernandes KP, de Godoy CH, et al. Accuracy study of the main screening 
tools for temporomandibular disorder in children and adolescents. J 
Bodyw Mov Ther. 2014;18(1):87–1.

	29.	 Sánchez-Torrelo CM, Zagalaz-Anula N, Alonso-Royo R, Ibáñez-Vera AJ, 
LópezCollantes J, Rodríguez-Almagro D, et al. Transcultural adaptation 

and validation of the Fonseca anamnestic index in a Spanish population 
with temporomandibular disorders. J Clin Med. 2020;9(10):3230.

	30.	 Zhang MJ, Yap AU, Lei J, Fu KY. Psychometric evaluation of the Chinese 
version of the Fonseca anamnestic index for temporomandibular disor-
ders. J Oral Rehabil. 2020;47(3):313–8.

	31.	 Look JO, Schiffman EL, Truelove EL, Ahmad M. Reliability and validity of 
Axis I of the Research Diagnostic Criteria for Temporomandibular Disorders 
(RDC/TMD) with proposed revisions. J Oral Rehabil. 2010;37(10):744–59.

	32.	 Manfredini D, Chiappe G, Bosco M. Research diagnostic criteria for 
temporomandibular disorders (RDC/TMD) axis I diagnoses in an Italian 
patient population. J Oral Rehabil. 2006;33(8):551–8.

	33.	 Truelove E, Pan W, Look JO, Mancl LA, Ohrbach RK, Velly AM, et al. The 
research diagnostic criteria for temporomandibular disorders. III: validity 
of Axis I diagnoses. J Orofac Pain. 2010;24(1):35–47.

	34.	 de Lucena LB, Kosminsky M, da Costa LJ, de Góes PS. Validation of the 
Portuguese version of the RDC/TMD Axis II questionnaire. Braz Oral Res. 
2006;20(4):312–7.

	35.	 Van den Berghe L, Simoen L. Temporomandibular disorders in children 
and adolescents. Pediatric Dentistry. Cham: Springer; 2022. p. 475–83.

	36.	 Roberts WE, Stocum DL. Part II: Temporomandibular Joint (TMJ)-
regeneration, degeneration, and adaptation. Curr Osteoporos Rep. 
2018;16(4):369–79.

	37.	 Valesan LF, Da-Cas CD, Réus JC, Denardin ACS, Garanhani RR, Bonotto 
D, et al. Prevalence of temporomandibular joint disorders: a systematic 
review and meta-analysis. Clin Oral Investig. 2021;25(2):441–53.

	38.	 Zieliński G, Pająk-Zielińska B, Ginszt M. A meta-analysis of the global 
prevalence of temporomandibular disorders. J Clin Med. 2024;13(5):1365.

	39.	 Bueno CH, Pereira DD, Pattussi MP, Grossi PK, Grossi ML. Gender differ-
ences in temporomandibular disorders in adult populational studies: a 
systematic review and meta-analysis. J Oral Rehabil. 2018;45(9):720–9.

	40.	 Smith SB, Parisien M, Bair E, Belfer I, Chabot-Doré AJ, Gris P, et al. Genome-
wide association reveals contribution of MRAS to painful temporoman-
dibular disorder in males. Pain. 2019;160(3):579–91.

	41.	 Robinson JL, Johnson PM, Kister K, Yin MT, Chen J, Wadhwa S. Estrogen 
signaling impacts temporomandibular joint and periodontal disease 
pathology. Odontology. 2020;108(2):153–65.

	42.	 Ribeiro-Dasilva MC, Fillingim RB, Wallet SM. Estrogen-induced monocytic 
response correlates with TMD pain: a case control study. J Dent Res. 
2017;96(3):285–91.

	43.	 John ZAS, Shrivastav SS, Kamble R, Jaiswal E, Dhande R. Three-dimen-
sional comparative evaluation of articular disc position and other tem-
poromandibular joint morphology in Class II horizontal and vertical cases 
with Class I malocclusion. Angle Orthod. 2020;90(5):707–14.

	44.	 Weffort SY, de Fantini SM. Condylar displacement between centric rela-
tion and maximum intercuspation in symptomatic and asymptomatic 
individuals. Angle Orthod. 2010;80(5):835–42.

	45.	 Andrade Ada S, Gameiro GH, Derossi M, Gavião MB. Posterior cross-
bite and functional changes. A systematic review. Angle Orthod. 
2009;79(2):380–6.

	46.	 Pullinger AG, Seligman DA. Quantification and validation of predictive 
values of occlusal variables in temporomandibular disorders using a 
multifactorial analysis. J Prosthet Dent. 2000;83(1):66–75.

	47.	 Fabian S, Gelbrich B, Hiemisch A, Kiess W, Hirsch C. Impact of overbite and 
overjet on oral health-related quality of life of children and adolescents. J 
Orofac Orthop. 2018;79(1):29–38.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Temporomandibular disorder prevalence in malocclusion patients: a meta-analysis
	Abstract 
	Objectives 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Literature screening
	Data extraction
	Risk of bias and quality assessment
	Statistical analysis

	Results
	Search results
	Characteristics of the included studies
	Quality assessment of the selected studies
	Systematic review and meta-analysis
	Subgroup analysis
	Meta-regression
	Sensitivity analysis


	Discussion
	Limitations
	Conclusion
	Acknowledgements
	References


