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Aim: The objective of this study is to explore the relationship between sex 
and jaw function and to test whether anxiety mediates the causal relationship 
between sex and jaw function in temporomandibular disorders (TMDs) patients.

Methods: A total of 488 participants with TMD were included in the analysis. 
Demographic data were collected. Generalized anxiety symptoms and anxiety 
severity were initially assessed using the GAD-7 questionnaire. And jaw function 
limitation was measured using the JFLS-8 scale. A directed acyclic graph (DAG) 
was used in this study to evaluate the hypotheses. Mediation analysis was 
conducted to explore causality and to calculate the total effect, natural direct 
effect (NDE) and natural indirect effect (NIE).

Results: In TMD patients, there was a significant association between female and 
jaw function (r = 0.17, p < 0.001), female and anxiety (r = 0.15, p = 0.002), anxiety and 
jaw function (r = 0.35, p < 0.001). In addition, sex can directly lead to differences in 
impaired jaw function (NDE: 3.719, 95% CI: 1.619–5.828, p < 0.001), and can also 
be causally related to jaw function through anxiety (NIE: 1.146, 95% CI: 0.267–
2.024, p = 0.011). And the total effect was 4.865 (95% CI, 2.709–7.029, p < 0.001).

Conclusion: A causal mechanism was found that anxiety acts as a mediator of 
sex effects on jaw function. Therefore, psychological factors need to be taken 
into account in the treatment of female TMD patients. Further clinical trials are 
needed to explore whether psychotherapy is more beneficial to improve jaw 
function in female TMD patients.

KEYWORDS

anxiety, sex, jaw function, temporomandibular disorders, mediation analysis, gender 
equity

1 Introduction

Temporomandibular disorder (TMD) is an umbrella term for a group of disorders, 
including musculoskeletal and neuromuscular disorders, that share the same or similar 
pathogenetic factors and clinical symptoms. TMD can affect the temporomandibular joint 
(TMJ), the masticatory muscles and their associated structures (1). Although TMD is generally 
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self-limiting (2, 3), it can have a serious impact on quality of life, 
jeopardizing the normal functioning of the oral and maxillofacial 
system, including clinical symptoms such as orofacial pain, stiffness, 
limited voice and jaw movements (4, 5). TMD is also associated with 
different types of primary headache disorders and chronic daily 
headache (6, 7), and affecting the patient’s facial aesthetics, as well as 
their physical and psychological health (8–11). When TMJ disorders 
and primary headache disorders co-exist in comorbidity, diagnosis 
and treatment become a challenge (7).

Epidemiologic studies have shown that about 50–75% of the 
population is affected to some degree and shows some signs of 
TMD. Traditionally, TMD has been thought to affect mainly females 
of childbearing age (12). There is evidence that the prevalence is 
approximately two times higher in females than in males (13), and is 
most common in the second through fourth decade of reproductive 
life (14). TMD is often thought to be  multifactorial, including 
psychosocial factors. However, the reasons for the higher prevalence 
of TMD in females than in males remain unclear. Recent research 
suggests that a combination of genes, psychological and perception of 
pain may play a role in the onset of TMD as well as its prolonged 
duration (15, 16).

TMD is considered to be related to psychosomatic factors such as 
anxiety, stress, and sleep disorders (17, 18). Among them anxiety 
disorders are the most common of all mental disorders. In 2019, 301 
million people worldwide suffer from anxiety disorders, with more 
females than males suffering from them (19). Affective distress (in 
form of anxiety) and anxiety sensitivity have been associated with pain 
in experimental and clinical-based investigations. A bidirectional 
relationship between TMD and anxiety is thought to exist and 
multiple psychological variables can serve as predictors of TMD (20). 
Several studies have pointed to a higher prevalence of anxiety in 
patients with TMD compared to healthy individuals (16, 21, 22). And 
psychosocial disorders play an important role in the development of 
TMD (11, 23).

Most of the current studies have focused on sex differences in the 
incidence of TMD and pain levels in patients with TMD, while fewer 
studies have examined whether there are differences in life-affecting 
jaw function limitations among patients with TMD. The specific 
association between TMD and anxiety has been the subject of several 
studies, and there have been a number of studies that have explored 
the mechanisms behind this through functional MRI (24). At the 
same time, sex differences in TMD have been consistently observed, 
but few studies have considered that anxiety may play an effect in the 
middle of this. To our knowledge, there are currently no studies that 
have considered anxiety as a mediator to conduct causal analysis 
between sex and the causal relationship of TMD.

Because of the difficulty of objectively measuring pain and 
function, the use of patient-reported outcomes (PROs) in dentistry is 
essential for the evaluation and diagnosis of TMJ disorders and 
headaches (25, 26). The Jaw Functional Limitations Scale (JFLS) is the 
International Network for Orofacial Pain and Related Disorders 
Methodology’s recommended PROM for the evaluation of jaw-related 
disabilities (25). JFLS is a self-administered questionnaire developed 
in 2008 that exhibits improved psychometric characteristics and has 
good validity in TMD patients (27). Compared to the JFLS-20, the 
JFLS-8 is shorter while demonstrating excellent content validity, 
construct validity, internal consistency (α = 0.82, only TMD patients), 

and reliability (CCC rho = 0.81) of the JFLS-8 questionnaire (27, 28). 
Therefore, in this study JFLS-8 was chosen to measure jaw 
function limitation.

The present study initiated with the aim of exploring the 
relationship between sex and jaw function and testing the hypotheses 
that anxiety mediates the causal relationship between sex and 
jaw function.

2 Materials and methods

2.1 Participants

This observational cross-sectional study was performed at the 
Department of Temporomandibular Joint, West China Hospital of 
Stomatology, Sichuan University, from February 2022 to October 
2022. This study was approved by the Ethics Committee of West 
China Hospital of Stomatology of Sichuan University 
(WCHSIRB-D-2022-137) and in compliance with the Declaration of 
Helsinki. The inclusion criteria for this study were: (a) consent to 
participate in this study, (b) the data of patients was complete and 
sufficient and (c) diagnosed with TMD by a TMD specialist based on 
DC/TMD protocols. Exclusion criteria were (a) children/adolescents 
aged below 18, (b) cognitive impairment or illiteracy and (c) no 
history of facial surgery or non-operative facial injuries. According 
to the sample size estimate, a minimum of 119 participants was 
required for this study at Cohen’s f2 = 0.15 (medium effect size), 
α = 0.05, and power = 0.95.

2.2 Measurements

Data included demographics, Generalized Anxiety Disorder 
7-item (GAD-7) and Jaw Functional Limitation Scale, 8-item version 
(JFLS-8). Demographics included age, sex, education level and income 
of the participants. The age of the participants was recorded as a 
continuous variable in years, and the sex variable was recorded on the 
basis of the sex registered in the ID card (29). Education levels were 
categorized into three groups: (1) elementary/junior high/senior high 
school degree, (2) college/bachelor’s degree, and (3) master’s/doctor’s 
degree. We  categorized the per capita household income of the 
participants into three categories: (1) less than 3,000 RMB per month; 
(2) 3,000–6,000 RMB per month; and (3) more than 6,000 RMB 
per month.

The GAD-7 questionnaire was used to initially assess generalized 
anxiety symptoms and the severity of anxiety. The respondents were 
supposed to select a description that matches their behavior and 
feelings over the past 2 weeks on a scale ranging from 0 (not at all) to 
3 (nearly every day). As recommended by the latest Diagnostic 
Criteria for Temporomandibular Disorders (DC/TMD) (30) 
diagnostic criteria, the JFLS was used to measure function limitation 
in patients with TMD (30, 31). The jaw function limitation in this 
study was measured with the 8-item version. This 8-item instrument 
were developed as a global measure of functional limitation with each 
item scoring from 0 (no limitation) to 10 (severe limitation) for 
different levels of limitation in jaw activities including chewing, 
smiling, swallowing, etc.
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2.3 Statistical analysis

A directed acyclic graph (DAG) was used in this study to evaluate 
the hypotheses of the study based on a priori knowledge (Figure 1). 
The primary endpoint (dependent variable) was the JFLS-8 score. Sex 
was considered as an independent variable according to previous 
studies 122 because of their potential impact on mandibular functional 
limitations. The remaining demographic characteristics (age, 
education, income) were analyzed as covariates due to their no effect 
on sex but on the measured outcome (JFLS-8 score).

The Shapiro–Wilk test was employed to test the normality of the 
variables. The differences between categorical variables were compared 
using the chi-square test and ordinal variables using the Mann–
Whitney U test. To initially explore the relationship between the 
variables, the Spearman correlation coefficients were calculated and 
adjusted by the Benjamin-Hochberg method.

Causal mediation analysis is conducted to explore causal 
relationships and obtain direct and indirect effect values. This analysis 
decomposed the total effect of exposure into estimates of natural 
direct and indirect effects. Indirect effects are the effects through 
mediators in the total effect of exposure on the outcome, whereas 
direct effects reflect the remainder of the total effect. The 95% 
confidence intervals (CI) of the estimates were calculated using the 
Bootstrap method (5,000 stimulations).

Analyses were performed using R version 4.3.1 (R Foundation) 
with a p < 0.05 indicating significance. The regression model was 
generated by the R package ‘modelsummary’ (version 1.2.0). The 
mediation analysis was conducted through R package “medflex” 
(version 0.6–10). The R package “likert” (version 1.3.5) was used for 
likert plot to visualize the results of likert scales including GAD-7 scale 
and JFLS-8 scale. The workflow is depicted in Figure 2. Above analyses 
were used and interpreted in compliance with the STROBE 
(Strengthening the Reporting of Observational Studies in 
Epidemiology) checklist.

3 Results

3.1 Baseline characteristics of the study 
population

Of the 601 individuals who completed the questionnaire, 73 
participants younger than 18 years old and 40 individuals without TMD 
based on the definition of DC/TMD were excluded. A final total of 488 
were included in the following analyses, with 99 males and 389 females 
(Table 1), most of whom were from southwest China. All variables were 
non-normally distributed (p < 0.05). Of the whole study population, the 
median age was 27 years, and the median JFLS-8 and GAD-7 scores were 
13 and 4, respectively. Compared to the median score of 9.5 in the male 
group, the female group had a significantly higher JFLS-8 score (median 
14.0, p < 0.001). Similarly, the median GAD-7 score was significantly 
higher among females (median 4.0, p = 0.001) than among males 
(median 2.0). In addition, the income of the two groups showed a 
significant difference (p = 0.020), while there was no significant difference 
in age (p = 0.134) and education level (p = 0.467) between the male and 
female participants. Based on the sample size included in this study, the 
effect size was calculated to be 0.035 at α = 0.05 and power = 0.95.

The JFLS-8 scale and GAD-7 scale used were in good consistency, 
and their reliability as assessed by the Cronbach’s alpha coefficient was 
0.800 (95% CI: 0.773–0.826) and 0.932 (95% CI: 0.922–0.941) 
respectively. The responses of JFLS-8 and GAD-7 were visualized in 
Figures 3, 4. The results showed that the median scores on chewing 
tough food (males: 3.0, females: 4.0, p < 0.001) and chewing chicken 
(males: 2.0, females: 5.0, p < 0.001) were significantly higher in females 
than in males. Similar results were observed in the median scores of 
opening wide enough to drink from a cup (males: 0.0, females: 0.0, 
p = 0.015), yawning (males: 2.0, females: 3.0, p = 0.047) and talking 
(males: 0.0, females: 0.0, p = 0.050). As for the GAD-7 scale, the 
median scores were significantly higher in females than in males on 
all items except item 5.

FIGURE 1

The hypothesized relationships between variables and jaw function demonstrating by directed acyclic graph (DAG). The yellow box indicates exposure. 
The green box indicates mediator. The blue box indicates outcome, and the gray boxes indicate confounders. The yellow path indicates the direct 
effect and the green paths indicate the indirect effects.
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TABLE 1 Baseline characteristics of the study population.

Sex Male Female p-value Total

N (%) 99 (%) 389 (%) 488

Age 30.0 (23.0–37.0) 26.0 (23.0–33.0) 0.134 27.0 (23.0–34.0)

JFLS-8 9.5 (3.0–17.0) 14.0 (6.0–22.0) <0.001 13.0 (5.0–21.0)

GAD-7 2.0 (0.0–6.0) 4.0 (1.0–7.0) 0.001 4.0 (1.0–7.0)

Education 0.467

Elementary/junior high/senior high school 

degree 22 (22.2%) 66 (17.0%) 88 (18.0%)

College/bachelor’s degree 66 (66.7%) 280 (72.0%) 346 (70.9%)

Master’s/doctor’s degree 11 (11.1%) 43 (11.1%) 54 (11.1%)

Income (RMB per month) 0.020

<3,000 14 (14.1%) 60 (15.4%) 74 (15.2%)

3,000–6,000 33 (33.3%) 183 (47.0%) 216 (44.3%)

>6,000 52 (52.5%) 146 (37.5%) 198 (40.6%)

The differences between groups were compared by chi-square test or Mann–Whitney U test. (p-value < 0.05 indicating significance are shown in bold). Values are displayed as median (Q1–Q3) 
or n (%). JFLS-8, the total score of the JLFS-8; GAD-7, the total score of the GAD-7. GAD-7, Generalized Anxiety Disorder 7-item; JFLS-8, Jaw Functional Limitation Scale, 8-item version.

3.2 Correlation between variables

Spearman’s correlation coefficients adjusted with the Benjamini-
Hochberg method are shown in Table 2. It revealed that JFLS-8 scores 
were significantly and positively correlated with female gender (r = 0.17, 
p < 0.001) and GAD-7 scores (r = 0.35, p < 0.001), where female in turn 

was significantly and positively correlated with GAD-7 scores (r = 0.15, 
p = 0.002). Additionally, significant negatively correlations were also 
observed between JFLS-8 scores and income (r = −0.17, p < 0.001). 
Meanwhile, female is negatively correlated with income (r = −0.10, 
p = 0.051), and although it does not achieve significant level, the p value 
is very close to 0.05.

FIGURE 2

Overview of study design and workflow. GAD-7, Generalized Anxiety Disorder 7-item; JFLS-8, Jaw Functional Limitation Scale, 8-item version.
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3.3 Multiple regression models

Multiple regression models (Table 3) showed that JFLS-8 score was 
significantly positively associated with GAD-7 score (0.761, 95% CI: 
0.552–0.969, p < 0.001) after adjustment for age, sex, education and 
income. In addition, JFLS-8 score was also significantly positively 
associated with age (0.100, 95% CI: 0.001–0.199, p = 0.048) and female 
(3.726, 95% CI: 1.292–6.161, p = 0.003), while JFLS-8 score was 
negatively associated with income (−1.710, 95% CI: −3.154 – −0.266, 
p = 0.020). After adjustment for age, sex and education (without 
including income), JFLS-8 score was significantly positively associated 
with age (0.106, 95% CI: 0.006–0.205, p = 0.037), female (4.025, 95% 

CI: 1.592–6.457, p = 0.001) and GAD-7 score (0.780, 95% CI: 0.572–
0.988, p < 0.001).

3.4 The mediating relationship of GAD-7 
scores between sex and JFLS-8 scores

On the basis of the DAG, sex and GAD-7 scores were selected to 
explore whether sex had a causal effect on JFLS-8 and whether GAD-7 
had a mediating effect therein. Mediation analysis showed that sex had 
a significant causal effect on both jaw function and anxiety (Figure 5). 
Meanwhile, anxiety played a mediator role in the pathway of female 

FIGURE 3

Distribution of JFLS-8 scale responses. The likert plot was used to graphically represent the mean values of each item scores of JFLS-8 among males 
and females. P-values were calculated by the Mann–Whitney U test. The number after the JFLS indicates the item number in the JFLS questionnaire. 
JFLS, Jaw Functional Limitation Scale. *p  <  0.05; **p  <  0.01; ***p  <  0.001.
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FIGURE 4

Distribution of GAD-7 scale responses. Likert plot was used to graphically represent the participants’ response to each item of the GAD-7 questionnaire 
stratified by sex. P-values were calculated by the Mann–Whitney U test. The number after the GAD indicates the item number in the GAD 
questionnaire. GAD, Generalized Anxiety Disorder. *p  <  0.05; **p  <  0.01; ***p  <  0.001.

was more likely to lead to jaw function limitation. The total effect of 
sex on JFLS-8 scores was 4.865 (NDE: 95% CI: 2.709–7.029, p < 0.001). 
GAD-7 scores mediated 22% of the total causal effect (NIE: 1.074, 95% 
CI: 0.267–2.024, p = 0.011). After adjusting for the mediating effect of 
GAD-7 scores, the direct effect (sex on JFLS-8 scores not due to 
GAD-7 scores) was 3.719 (95% CI: 1.619–5.828, p < 0.001).

4 Discussion

In the present study, we found that in TMD patients there was a 
significant causally association between female and jaw function, 

female and anxiety, anxiety and jaw function. Moreover, a causal 
mechanism was observed that sex can directly affects jaw function, 
and can also limit jaw function by causing anxiety.

Our study reports a predominance of females among TMD 
patients, which is consistent with previous studies (12, 32). A 
recent systematic review and meta-analysis (13) found that 
females are twice as likely as males to develop TMD. Sex has long 
been medically defined as a biological trait, and the primary sex 
determination in humans occurs at fertilization and is dependent 
on the two sex chromosomes of the fertilized egg (33). 
Interventions to change a person’s external sex characteristics, 
including the use of sex hormones and other medications, do not 
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change a person’s genetic code and cannot alter biological sex 
(34). Therefore, sex can be considered one of the causes of TMD 
based solely on its correlation with TMD without the need for a 
causal analysis. Although it is not entirely clear what aspects of 
biology, psychology, or social roles are responsible for females 
being more likely to suffer from TMD than males, various 
explanations have been put forward (35). There is the notion that 
females are more willing to report pain (36, 37) and attend clinics 
than males, and that the mechanism behind this may be related 
to sex differences in pain thresholds and tolerance times due to 
ovarian hormones (38–40).

The results showed the total and direct effects of sex on jaw 
function and the mediating effect of anxiety were significant. Our 
study confirms a causal mechanism of sex differences in jaw function 
limitation that sex induces differences in the anxiety level, and 
consequently impacts jaw function. There is a bidirectional 
relationship between anxiety disorders and TMD (41, 42). The 
prevalence of anxiety is higher in patients with TMD (21, 22). Some 
studies have speculated that the prevalence of TMD may be associated 
with the fact that women are under greater stress in society (43, 44). 
Anxiety has been shown to affect muscle activity (45, 46) and may also 
affect changes in the bones of TMJ (46, 47). Anxiety may affect 
metabolism and blood flow by altering sympathetic nervous system 
(48, 49), e.g., reduced muscle blood perfusion; reduced proprioceptive 
inputs, etc. directly affecting the performance of the masticatory 
muscles, thereby reducing the efficiency of complex movements such 
as chewing, leading to increased fatigue and ultimately reduced 
jaw function.

The mechanism underlying this may be related to anterior 
cingulate cortex and anterior insula. They are two important 
regions responsible for encoding the emotional and motivational 
aspects of pain. They have been studied by functional and 
structural magnetic resonance imaging (MRI) methods and are 
currently thought to be associated with orofacial pain (50). A joint 
analysis of mastication and orofacial pain studies showed joint 
activation of the left insula, left primary motor cortex, and right 
primary somatosensory cortex (51, 52). In a longitudinal 
treatment study, activation in the right anterior insula and right 
cerebellum was reduced in patients with TMD during treatment 
(53). And anxiety-related TMD symptoms may be associated with 
the anterior insula. It has been shown that a reduction in anxiety 
in TMD patients during splinting is associated with a reduction 
in functional magnetic resonance imaging activation in the left 
anterior insula and right posterior insula (24). This may be related 
to the fact that the anterior insula is interconnected with the 
limbic system (amygdala, anterior prefrontal, and cingulate 
cortex) thus the anterior insula acts as an important pivot between 
the internal emotional state and somatosensory inputs to 
somatosensory cell labeling (54).

A large number of patients with TMD are suffering from a 
sex-differentiated decrease in life satisfaction (11). Psychological 
factors need to be taken into account in the treatment of female TMD 
patients due to the result that 22% of the total effect of sex on the 
development of TMD was mediated by anxiety. This could mean that 
the assessment and interventions of anxiety are considered to have an 
impact on the improvement of jaw function limitation. Previous 

TABLE 2 Spearman correlation coefficient matrix.

Sex Age Education Income GAD-7

Age −0.07

Education 0.04 −0.25***

Income −0.10 0.01 0.29***

GAD-7 0.15** −0.05 −0.08 −0.06

JFLS-8 0.17*** 0.03 −0.08 −0.17** 0.35***

The p-values are adjusted with the Benjamini–Hochberg method. GAD-7, Generalized Anxiety Disorder 7-item; JFLS-8, Jaw Functional Limitation Scale, 8-item version. **p < 0.01, 
***p < 0.001.

TABLE 3 Multiple regression models for the association between variables and jaw function.

Estimate 95% CI Estimate 95% CI

Age 0.100* (0.001, 0.199) 0.106* (0.006, 0.205)

Sex

Male Reference Reference Reference Reference

Female 3.726** (1.292, 6.161) 4.025** (1.592, 6.457)

Education

Elementary/junior high/senior high school degree Reference Reference Reference Reference

College/bachelor’s degree −0.506 (−3.379, 2.367) −1.202 (−4.027, 1.623)

Master’s/doctor’s degree −0.686 (−4.685,3.313) −1.796 (−5.702, 2.109)

GAD-7 0.761*** (0.552, 0.969) 0.780*** (0.572, 0.988)

Income −1.710* (−3.154, −0.266)

CI, confidence interval. *p < 0.05, **p < 0.01, ***p < 0.001.
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studies have revealed that both psychological and oral interventions 
are beneficial in the relief of anxiety or TMD symptoms (24, 55, 56). 
Patients with TMD improved significantly when provided with 
treatments to get anxiety under control, including medication (57, 58), 
stress management (59), and biofeedback (60, 61). Our study 
suggested that treatment for anxiety may be  more beneficial in 
improving jaw function in female TMD patients compared to male 
patients and future clinical trials are needed to explore whether 
psychotherapy is more effective for female TMD patients and to 
elucidate the biological mechanisms involved.

A number of considerations should be taken into account when 
interpreting the results. The main limitation is that the severity of 
anxiety and jaw function limitation was assessed by patients 
completing a self-assessment questionnaire without a professional 
diagnosis by a relevant medical professional. This may lead to a less 
accurate diagnosis and assessment. Secondly, the demographic 
information is incompletely considered at the time of collection. 
Estimates of direct and indirect effects will be affected if there is an 
uncontrolled common cause of the mediator and the outcome 
affected by the exposure. However, the major factors associated with 
exposure and outcome have been taken into account. Third, the 
questionnaire collected in this study was for anxiety but not for 
stress, which may also be mediators of sex-induced jaw function 
limitation. Similarly, income may also be a mediator. Thus, future 
studies could analyze the causal effect between them and sex and jaw 
function. Moreover, we  recruited our sample from West China 
Hospital of Stomatology, thus limiting the generalizability of our 
findings to local TMD patients since it was only conducted at one 

study center, and whether the results can be extended to the whole 
population needs to be further investigated.

5 Conclusion

There were significant sex differences in jaw function 
limitation and the causal mediation analysis revealed that anxiety 
mediated the effect of sex on mandibular functional limitation in 
TMD patients. The findings suggest that actions to promote 
gender equality are needed to ensure equitable population health. 
Further clinical are needed to determine whether interventions to 
relieve anxiety may be more effective in improving female TMD 
patients’ symptoms.

Data availability statement

The data supporting the findings of this study will be made 
available by the corresponding author upon reasonable request.

Ethics statement

The studies involving humans were approved by Ethics Committee 
of West China Hospital of Stomatology of Sichuan University. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 

FIGURE 5

Mediation analysis results of sex predicting JFLS-8 mediated by GAD-7. (A) Forest plot of mediation analysis results. (B) Causal directed acyclic graph of 
mediation analysis results shows the mediation analysis of GAD-7 scores (anxiety) on the relationship between sex and JFLS-8 (jaw function). The 
yellow path indicates the direct effect and the green paths indicate the indirect effects. Estimates and CIs calculated using 5,000 bootstraps. All models 
adjusting for age, education and income. Values are displayed as β (95%CI). CI, confidence interval; NDE, natural direct effect; NIE, natural indirect 
effect; TE, total effect. *p  <  0.05; **p  <  0.01; ***p  <  0.001.

https://doi.org/10.3389/fneur.2024.1398788
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Chen et al. 10.3389/fneur.2024.1398788

Frontiers in Neurology 09 frontiersin.org

informed consent to participate in this study. Written informed 
consent was obtained from the individual(s) for the publication of any 
potentially identifiable images or data included in this article.

Author contributions

LC: Methodology, Software, Validation, Visualization, Writing – 
original draft. SZ: Data curation, Validation, Writing – original draft. 
YT: Investigation, Visualization, Writing – original draft. YZ: Formal 
analysis, Methodology, Visualization, Writing – original draft. SF: 
Formal analysis, Methodology, Validation, Writing – original draft. 
YY: Validation, Writing – original draft. XX: Conceptualization, 
Funding acquisition, Project administration, Resources, Supervision, 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the Technology Innovation Project of Science and 
Technology Bureau of Chengdu (2022-YF05-01691-SN), Clinical 
Research Project (LCYJ-2023-YY-2) and Research and Develop Program 
(RCDWJS2023-13) of West China Hospital of Stomatology, Sichuan 

University, and Sichuan Science and Technology Program (No. 
2023JDRC0096).

Acknowledgments

We thank all the participants in the study. We also acknowledge 
the reviewers and editors for viewing our work.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Scrivani SJ, Keith DA, Kaban LB. Temporomandibular disorders. N Engl J Med. 

(2008) 359:2693–705. doi: 10.1056/NEJMra0802472

 2. Kurita K, Westesson PL, Yuasa H, Toyama M, Machida J, Ogi N. Natural course of 
untreated symptomatic temporomandibular joint disc displacement without reduction. 
J Dent Res. (1998) 77:361–5. doi: 10.1177/00220345980770020401

 3. Rugh JD, Solberg WK. Psychological implications in temporomandibular pain and 
dysfunction. Oral Sci Rev. (1976) 7:3–30.

 4. Bessa-Nogueira RV, Vasconcelos BC, Duarte AP, Góes PS, Bezerra TP. Targeted 
assessment of the temporomandibular joint in patients with rheumatoid arthritis. J Oral 
Maxillofac Surg. (2008) 66:1804–11. doi: 10.1016/j.joms.2007.08.037

 5. Celiker R, Gökçe-Kutsal Y, Eryilmaz M. Temporomandibular joint involvement in 
rheumatoid arthritis. Relationship with disease activity. Scand J Rheumatol. (1995) 
24:22–5. doi: 10.3109/03009749509095149

 6. Goncalves DA, Camparis CM, Speciali JG, Castanharo SM, Ujikawa LT, Lipton RB, 
et al. Treatment of comorbid migraine and temporomandibular disorders: a factorial, 
double-blind, randomized, placebo-controlled study. J Orofac Pain. (2013) 27:325–35. 
doi: 10.11607/jop.1096

 7. Romero-Reyes M, Klasser G, Akerman S. An update on temporomandibular 
disorders (TMDs) and headache. Curr Neurol Neurosci Rep. (2023) 23:561–70. doi: 
10.1007/s11910-023-01291-1

 8. Qamar Z, Alghamdi AMS, Haydarah NKB, Balateef AA, Alamoudi AA, Abumismar 
MA, et al. Impact of temporomandibular disorders on oral health-related quality of life: 
a systematic review and meta-analysis. J Oral Rehabil. (2023) 50:706–14. doi: 10.1111/
joor.13472

 9. Abrahamsson C. Masticatory function and temporomandibular disorders in 
patients with dentofacial deformities. Swed Dent J Suppl. (2013) 231:9–85.

 10. Paulino MR, Moreira VG, Lemos GA, Silva P, Bonan PRF, Batista AUD. Prevalence 
of signs and symptoms of temporomandibular disorders in college preparatory students: 
associations with emotional factors, parafunctional habits, and impact on quality of life. 
Ciênc Saúde Colet. (2018) 23:173–86. doi: 10.1590/1413-81232018231.18952015

 11. Seweryn P, Orzeszek SM, Waliszewska-Prosół M, Jenča A, Osiewicz M, 
Paradowska-Stolarz A, et al. Relationship between pain severity, satisfaction with life 
and the quality of sleep in Polish adults with temporomandibular disorders. Dent Med 
Probl. (2023) 60:609–17. doi: 10.17219/dmp/171894

 12. Yadav S, Yang Y, Dutra EH, Robinson JL, Wadhwa S. Temporomandibular joint 
disorders in older adults. J Am Geriatr Soc. (2018) 66:1213–7. doi: 10.1111/jgs.15354

 13. Bueno CH, Pereira DD, Pattussi MP, Grossi PK, Grossi ML. Gender differences in 
temporomandibular disorders in adult populational studies: a systematic review and 
meta-analysis. J Oral Rehabil. (2018) 45:720–9. doi: 10.1111/joor.12661

 14. Bhargava D, Bhambal A, Dhingra A. Incidence of temporomandibular joint 
pathology and disorders In: D Bhargava, editor. Temporomandibular joint disorders: 
principles and current practice. Singapore: Springer Singapore (2021). 23–7.

 15. Cairns BE. Pathophysiology of TMD pain--basic mechanisms and their 
implications for pharmacotherapy. J Oral Rehabil. (2010) 37:391–410. doi: 
10.1111/j.1365-2842.2010.02074.x

 16. Klepzig K, Wendt J, Teusch L, Rickert C, Kordaß B, Lotze M. Pain and salivary 
biomarkers of stress in temperomandibular disorders were affected by maxillary splints. 
J Oral Rehabil. (2024) 51:1025–1033. doi: 10.1111/joor.13678

 17. Dos Santos EA, Peinado BRR, Frazão DR, Né YGS, Fagundes NCF, Magno MB, 
et al. Association between temporomandibular disorders and anxiety: a systematic 
review. Front Psych. (2022) 13:990430. doi: 10.3389/fpsyt.2022.990430

 18. Liou YJ, Bai YM, Tsai SJ, Chen TJ, Chen MH, Lo WL. Bidirectional associations 
of temporomandibular joint disorders with major depressive and anxiety disorders. J 
Evid Based Dent Pract. (2023) 23:101860. doi: 10.1016/j.jebdp.2023.101860

 19. Alonso J, Liu Z, Evans-Lacko S, Sadikova E, Sampson N, Chatterji S, et al. 
Treatment gap for anxiety disorders is global: results of the world mental health surveys 
in 21 countries. Depress Anxiety. (2018) 35:195–208. doi: 10.1002/da.22711

 20. Fillingim RB, Ohrbach R, Greenspan JD, Knott C, Diatchenko L, Dubner R, et al. 
Psychological factors associated with development of TMD: the OPPERA prospective 
cohort study. J Pain. (2013) 14:T75–90. doi: 10.1016/j.jpain.2013.06.009

 21. Pihut ME, Kostrzewa-Janicka J, Orczykowska M, Biegańska-Banaś J, Gibas-Stanek 
M, Gala A. Initial assessment of the psycho-emotional state of patients with 
temporomandibular disorders: a pilot study. Dent Med Probl. (2024) 61:153–9. doi: 
10.17219/dmp/178325

 22. Wieckiewicz M, Jenca A Jr, Seweryn P, Orzeszek S, Petrasova A, Grychowska N, 
et al. Determination of pain intensity, pain-related disability, anxiety, depression, and 
perceived stress in Polish adults with temporomandibular disorders: a prospective 
cohort study. Front Integr Neurosci. (2022) 16:1026781. doi: 10.3389/fnint.2022.1026781

 23. Simoen L, Van den Berghe L, Jacquet W, Marks L. Depression and anxiety levels 
in patients with temporomandibular disorders: comparison with the general population. 
Clin Oral Investig. (2020) 24:3939–45. doi: 10.1007/s00784-020-03260-1

 24. Dammann J, Klepzig K, Schenkenberger E, Kordass B, Lotze M. Association of decrease 
in insula fMRI activation with changes in trait anxiety in patients with craniomandibular 
disorder (CMD). Behav Brain Res. (2020) 379:112327. doi: 10.1016/j.bbr.2019.112327

 25. Aguiar ADS, Nogueira Carrer HC, de Lira MR, Martins Silva GZ, Chaves TC. 
Patient-reported outcome measurements in temporomandibular disorders and 
headaches: summary of measurement properties and applicability. J Clin Med. (2021) 
10:3823. doi: 10.3390/jcm10173823

https://doi.org/10.3389/fneur.2024.1398788
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1056/NEJMra0802472
https://doi.org/10.1177/00220345980770020401
https://doi.org/10.1016/j.joms.2007.08.037
https://doi.org/10.3109/03009749509095149
https://doi.org/10.11607/jop.1096
https://doi.org/10.1007/s11910-023-01291-1
https://doi.org/10.1111/joor.13472
https://doi.org/10.1111/joor.13472
https://doi.org/10.1590/1413-81232018231.18952015
https://doi.org/10.17219/dmp/171894
https://doi.org/10.1111/jgs.15354
https://doi.org/10.1111/joor.12661
https://doi.org/10.1111/j.1365-2842.2010.02074.x
https://doi.org/10.1111/joor.13678
https://doi.org/10.3389/fpsyt.2022.990430
https://doi.org/10.1016/j.jebdp.2023.101860
https://doi.org/10.1002/da.22711
https://doi.org/10.1016/j.jpain.2013.06.009
https://doi.org/10.17219/dmp/178325
https://doi.org/10.3389/fnint.2022.1026781
https://doi.org/10.1007/s00784-020-03260-1
https://doi.org/10.1016/j.bbr.2019.112327
https://doi.org/10.3390/jcm10173823


Chen et al. 10.3389/fneur.2024.1398788

Frontiers in Neurology 10 frontiersin.org

 26. Häggman-Henrikson B, Lobbezoo F, Durham J, Peck C, List T. The voice of the 
patient in orofacial pain management. J Evid Based Dent Pract. (2022) 22:101648. doi: 
10.1016/j.jebdp.2021.101648

 27. Ohrbach R, Larsson P, List T. The jaw functional limitation scale: development, 
reliability, and validity of 8-item and 20-item versions. J Orofac Pain. (2008) 22:219–30.

 28. Keller S, Bocell FD, Mangrum R, McLorg A, Logan D, Chen AL, et al. Patient-
reported outcome measures for individuals with temporomandibular joint disorders: a 
systematic review and evaluation. Oral Surg Oral Med Oral Pathol Oral Radiol. (2023) 
135:65–78. doi: 10.1016/j.oooo.2022.08.002

 29. Zheng Y, Zhou X, Huang Y, Lu J, Cheng Q, Fan P, et al. Low income is associated 
with impaired jaw function via anxiety and depression in patients with 
temporomandibular disorders. J Oral Rehabil. (2023) 50:1373–81. doi: 10.1111/
joor.13579

 30. Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet JP, et al. 
Diagnostic criteria for temporomandibular disorders (DC/TMD) for clinical and 
research applications: recommendations of the international RDC/TMD consortium 
network* and orofacial pain special interest group†. J Oral Facial Pain Headache. (2014) 
28:6–27. doi: 10.11607/jop.1151

 31. Xu L, He Y, Fan S, Cai B, Fang Z, Dai K. Validation of a Chinese version of the jaw 
functional limitation scale in relation to the diagnostic subgroup of temporomandibular 
disorders. J Oral Rehabil. (2020) 47:1–8. doi: 10.1111/joor.12868

 32. Loster JE, Osiewicz MA, Groch M, Ryniewicz W, Wieczorek A. The prevalence of 
TMD in polish young adults. J Prosthodont. (2017) 26:284–8. doi: 10.1111/jopr.12414

 33. Bewley S, McCartney M, Meads C, Rogers A. Sex, gender, and medical data. BMJ. 
(2021) 372:n735. doi: 10.1136/bmj.n735

 34. Wilhelm D, Palmer S, Koopman P. Sex determination and gonadal development 
in mammals. Physiol Rev. (2007) 87:1–28. doi: 10.1152/physrev.00009.2006

 35. Bartley EJ, Fillingim RB. Sex differences in pain: a brief review of clinical and 
experimental findings. Br J Anaesth. (2013) 111:52–8. doi: 10.1093/bja/aet127

 36. Palmeira CC, Ashmawi HA, Posso IP. Sex and pain perception and analgesia. Rev 
Bras Anestesiol. (2011) 61:814–28. doi: 10.1016/S0034-7094(11)70091-5

 37. Mogil JS. Sex differences in pain and pain inhibition: multiple explanations of a 
controversial phenomenon. Nat Rev Neurosci. (2012) 13:859–66. doi: 10.1038/nrn3360

 38. Sherman JJ, LeResche L, Mancl LA, Huggins K, Sage JC, Dworkin SF. Cyclic effects 
on experimental pain response in women with temporomandibular disorders. J Orofac 
Pain. (2005) 19:133–43.

 39. Vilanova LS, Gonçalves TM, Meirelles L, Garcia RC. Hormonal fluctuations 
intensify temporomandibular disorder pain without impairing masticatory function. Int 
J Prosthodont. (2015) 28:72–4. doi: 10.11607/ijp.4040

 40. Vignolo V, Vedolin GM, de Araujo CR, Rodrigues Conti PC. Influence of the 
menstrual cycle on the pressure pain threshold of masticatory muscles in patients with 
masticatory myofascial pain. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. (2008) 
105:308–15. doi: 10.1016/j.tripleo.2007.08.044

 41. Hekmati A, Mortazavi N, Ozouni-Davaji RB, Vakili M. Personality traits and 
anxiety in patients with temporomandibular disorders. BMC Psychol. (2022) 10:86. doi: 
10.1186/s40359-022-00795-8

 42. Namvar MA, Afkari BF, Moslemkhani C, Mansoori K, Dadashi M. The relationship 
between depression and anxiety with temporomandibular disorder symptoms in dental 
students. Maedica. (2021) 16:590–4. doi: 10.26574/maedica.2021.16.4.590

 43. Zhang H, Bi Y, Hou X, Lu X, Tu Y, Hu L. The role of negative emotions in sex 
differences in pain sensitivity. Neuroimage. (2021) 245:118685. doi: 10.1016/j.
neuroimage.2021.118685

 44. Fedurek P, Lacroix L, Lehmann J, Aktipis A, Cronk L, Townsend C, et al. Status 
does not predict stress: women in an egalitarian hunter-gatherer society. Evol Hum Sci. 
(2020) 2:e44. doi: 10.1017/ehs.2020.44

 45. Stocka A, Sierpinska T, Kuc J, Golebiewska M. Relationship between depression 
and masticatory muscles function in a group of adolescents. Cranio. (2018) 36:390–5. 
doi: 10.1080/08869634.2017.1364030

 46. Tanaka E, Detamore MS, Mercuri LG. Degenerative disorders of the 
temporomandibular joint: etiology, diagnosis, and treatment. J Dent Res. (2008) 
87:296–307. doi: 10.1177/154405910808700406

 47. Ahlberg J, Lobbezoo F, Ahlberg K, Manfredini D, Hublin C, Sinisalo J, et al. Self-
reported bruxism mirrors anxiety and stress in adults. Med Oral Patol Oral Cir Bucal. 
(2013) 18:e7–e11. doi: 10.4317/medoral.18232

 48. van der Kooij MA. The impact of chronic stress on energy metabolism. Mol Cell 
Neurosci. (2020) 107:103525. doi: 10.1016/j.mcn.2020.103525

 49. Goldstein DS. Stress-induced activation of the sympathetic nervous system. 
Bailliere Clin Endocrinol Metab. (1987) 1:253–78. doi: 10.1016/S0950-351X(87)80063-0

 50. Ernst M, Schenkenberger AE, Domin M, Kordass B, Lotze M. Effects of centric 
mandibular splint therapy on orofacial pain and cerebral activation patterns. Clin Oral 
Investig. (2020) 24:2005–13. doi: 10.1007/s00784-019-03064-y

 51. Chen TC, Lin CS. Neuroimaging meta-analysis of brain mechanisms of the 
association between orofacial pain and mastication. J Oral Rehabil. (2023) 50:1070–81. 
doi: 10.1111/joor.13526

 52. Yin Y, He S, Xu J, You W, Li Q, Long J, et al. The neuro-pathophysiology of 
temporomandibular disorders-related pain: a systematic review of structural and 
functional MRI studies. J Headache Pain. (2020) 21:78. doi: 10.1186/s10194-020-01131-4

 53. Lickteig R, Lotze M, Kordass B. Successful therapy for temporomandibular pain 
alters anterior insula and cerebellar representations of occlusion. Cephalalgia. (2013) 
33:1248–57. doi: 10.1177/0333102413491028

 54. Bonson KR, Grant SJ, Contoreggi CS, Links JM, Metcalfe J, Weyl HL, et al. Neural 
systems and cue-induced cocaine craving. Neuropsychopharmacology. (2002) 26:376–86. 
doi: 10.1016/S0893-133X(01)00371-2

 55. Zhang SH, He KX, Lin CJ, Liu XD, Wu L, Chen J, et al. Efficacy of occlusal splints in the 
treatment of temporomandibular disorders: a systematic review of randomized controlled 
trials. Acta Odontol Scand. (2020) 78:580–9. doi: 10.1080/00016357.2020.1759818

 56. Luo LY, Lee J, Li KY, Leung YY, Li DTS. Psychological outcomes on anxiety and 
depression after interventions for temporomandibular disorders: a systematic review 
and meta-analysis. Diagnostics. (2023) 13:653. doi: 10.3390/diagnostics13040653

 57. Golanska P, Saczuk K, Domarecka M, Kuć J. Lukomska-Szymanska M. 
Temporomandibular myofascial pain syndrome-aetiology and biopsychosocial 
modulation. A narrative review. Int J Environ Res Public Health. (2021) 18:7807. doi: 
10.3390/ijerph18157807

 58. Ouanounou A, Goldberg M, Haas DA. Pharmacotherapy in temporomandibular 
disorders: a review. J Can Dent Assoc. (2017) 83:h7.

 59. Rollman GB, Gillespie JM. The role of psychosocial factors in temporomandibular 
disorders. Curr Rev Pain. (2000) 4:71–81. doi: 10.1007/s11916-000-0012-8

 60. Bergmann A, Edelhoff D, Schubert O, Erdelt KJ, Pho Duc JM. Effect of treatment 
with a full-occlusion biofeedback splint on sleep bruxism and TMD pain: a randomized 
controlled clinical trial. Clin Oral Investig. (2020) 24:4005–18. doi: 10.1007/
s00784-020-03270-z

 61. Florjanski W, Malysa A, Orzeszek S, Smardz J, Olchowy A, Paradowska-Stolarz A, 
et al. Evaluation of biofeedback usefulness in masticatory muscle activity management-a 
systematic review. J Clin Med. (2019) 8:766. doi: 10.3390/jcm8060766

https://doi.org/10.3389/fneur.2024.1398788
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.jebdp.2021.101648
https://doi.org/10.1016/j.oooo.2022.08.002
https://doi.org/10.1111/joor.13579
https://doi.org/10.1111/joor.13579
https://doi.org/10.11607/jop.1151
https://doi.org/10.1111/joor.12868
https://doi.org/10.1111/jopr.12414
https://doi.org/10.1136/bmj.n735
https://doi.org/10.1152/physrev.00009.2006
https://doi.org/10.1093/bja/aet127
https://doi.org/10.1016/S0034-7094(11)70091-5
https://doi.org/10.1038/nrn3360
https://doi.org/10.11607/ijp.4040
https://doi.org/10.1016/j.tripleo.2007.08.044
https://doi.org/10.1186/s40359-022-00795-8
https://doi.org/10.26574/maedica.2021.16.4.590
https://doi.org/10.1016/j.neuroimage.2021.118685
https://doi.org/10.1016/j.neuroimage.2021.118685
https://doi.org/10.1017/ehs.2020.44
https://doi.org/10.1080/08869634.2017.1364030
https://doi.org/10.1177/154405910808700406
https://doi.org/10.4317/medoral.18232
https://doi.org/10.1016/j.mcn.2020.103525
https://doi.org/10.1016/S0950-351X(87)80063-0
https://doi.org/10.1007/s00784-019-03064-y
https://doi.org/10.1111/joor.13526
https://doi.org/10.1186/s10194-020-01131-4
https://doi.org/10.1177/0333102413491028
https://doi.org/10.1016/S0893-133X(01)00371-2
https://doi.org/10.1080/00016357.2020.1759818
https://doi.org/10.3390/diagnostics13040653
https://doi.org/10.3390/ijerph18157807
https://doi.org/10.1007/s11916-000-0012-8
https://doi.org/10.1007/s00784-020-03270-z
https://doi.org/10.1007/s00784-020-03270-z
https://doi.org/10.3390/jcm8060766

	Anxiety mediates association between sex and jaw function limitation in temporomandibular disorder patients from China
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Measurements
	2.3 Statistical analysis

	3 Results
	3.1 Baseline characteristics of the study population
	3.2 Correlation between variables
	3.3 Multiple regression models
	3.4 The mediating relationship of GAD-7 scores between sex and JFLS-8 scores

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

