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This cross-sectional study investigated the psychosocial and behavioral characteristics of young 
Chinese Temporomandibular Disorders (TMD) patients, relationships between pain intensity, 
depression, anxiety, oral behaviors, jaw function, and Oral Health-related Quality of Life (OHRQoL), 
as well as factors contributing to low OHRQoL. Youths aged 15 to 24 years were enrolled at a tertiary 
dental hospital. Participants were evaluated using the Diagnostic Criteria for TMDs Axis I protocol and 
Axis II measures, including the Patient Health Questionnaire-9, General Anxiety-7, Oral Behaviors 
Checklist, and Jaw Functional Limitation Scale-8. Pain intensity and OHRQoL were appraised with 
a visual analog scale (VAS) and the Oral Health Impact Profile for TMDs (OHIP-TMDs). Chi-square/
non-parametric tests and logistic regression were employed for statistical analyses (α = 0.05). Youths 
comprised 37.2% of all TMD patients seen during the study period. Of the 398 participants (75.9% 
female), 34.9%, 17.8%, and 47.2% were diagnosed with intra-articular (IT), pain-related (PT), 
and combined (CT) TMDs, respectively. Young adults (20–24 years) exhibited significantly greater 
depression, anxiety, sleeping-state oral activity, and lower OHRQoL (p < 0.001–0.007) compared to 
older adolescents (15–19 years). Significant differences were observed in pain intensity, depression, 
anxiety, waking-state non-functional activity, jaw functional limitation, and OHRQoL (p < 0.001–0.035) 
among individuals with IT, PT, and CT. OHRQoL was moderately correlated with depression, anxiety, 
and jaw functional limitation (rs = 0.53–0.61). In young Chinese TMD patients, low OHRQoL was 
significantly associated with anxiety, pain intensity, age, jaw function, and jaw overuse behavior.
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PHQ-9	� Patient Health Questionnaire-9
PT	� Pain-related TMDs
SA	� Sleeping-state Oral Activities
TMD/TMDs	� Temporomandibular Disorder/s
WF	� Waking-state Functional Oral Activities
WN	� Waking-state Non-functional Oral Actitivies
YA	� Young Adults

Background
Temporomandibular disorders (TMDs) are a cluster of medical and dental diseases characterized by pain and/or 
impaired function of the masticatory system1. Based on the Diagnostic Criteria for TMDs (DC/TMD), the main 
symptoms of TMDs include pain in the temporomandibular joints (TMJs) and masticatory muscles, headaches, 
TMJ noises, and episodes of TMJ closed and open locking. Correspondingly, common TMDs can be classified 
into pain-related conditions (mainly TMJ arthralgia, masticatory muscle myalgia, and headache attributed 
to TMDs) and intra-articular conditions (primarily TMJ disc displacements, degenerative joint disease, and 
subluxation)2. TMD symptoms tend to be more pronounced during adolescence and young adulthood, reaching 
their peak in middle age. They are less common in children and older adults3,4. The prevalence of TMDs in 
East Asian populations, including China, Japan, and Korea, is around 17% in adults and 18% in adolescents5. 
However, on a global scale, the prevalence of TMDs is approximately 34% in adults and can reach up to 60% 
in adolescents6,7. The multifaceted biopsychosocial factors implicated in TMDs include genetics, age, gender, 
trauma, oral behaviors, psychological distress, and somatic symptoms8,9. TMDs, particularly when chronic 
and painful, have been shown to negatively impact patients’ oral health-related quality of life (OHRQoL)10–12. 
Conversely, therapeutic interventions for TMDs can improve patients’ OHRQoL13.

OHRQoL is a multidimensional construct that encompasses the functional, physical, and psychosocial 
aspects of well-being in relation to oral health, as well as oral diseases and disorders14,15. Although OHRQoL 
measures can be either generic or condition-specific, research on TMDs has predominantly utilized generic 
measures, with the Oral Health Impact Profile (OHIP) being the most widely adopted10,16,17. While generic 
measures have broad applicability and enable comparisons across different populations, conditions, and 
interventions, they are not designed to address symptoms and impacts unique to specific oral diseases and 
disorders. Consequently, they often exhibit higher “floor effects”, where some surveyed items may not be relevant 
or commonly experienced, resulting in little to no reported impact14,15. The OHIP for TMDs (OHIP-TMDs) was 
developed to fulfill the need for a TMD-specific OHRQoL measure18,19. It has been translated and validated for 
use among Chinese patients suffering from TMDs20. Additionally, the discriminative ability of the OHIP-TMDs 
has been confirmed in youths15.

A recent large-scale study indicated that youths or young people, defined by the United Nations as those aged 
15 to 24 years, constituted 27% of TMD patients21,22. However, there is limited knowledge about the OHRQoL 
in young TMD patients and the factors that affect it, as previous studies have largely centered on adult TMD 
populations10–12. To date, the majority of research on OHRQoL among youths with TMDs usually involved 
non-patient community samples23–25. These studies suggest that TMDs could be linked to psychological distress, 
oral behaviors, and impaired OHRQoL. Clarifying these relationships, as well as jaw function in young TMD 
patients, is warranted because interactions may differ from non-patient samples.

Building upon the aforementioned, the objectives of this study were to compare the psychosocial and 
behavioral characteristics between older adolescents and young adults, as well as among different TMD subtypes 
in young patients. The interrelationships among pain intensity, depression, anxiety, oral behaviors, jaw functional 
limitation, and OHRQoL were explored, alongside factors associated with low OHRQoL. The research hypotheses 
were as follows: (a) older adolescent and young adult TMD patients, as well as different TMD subtypes, display 
significant variations in their psychosocial and behavioral characteristics; (b) depression and anxiety exhibit a 
strong correlation with each other and are moderately related to pain intensity, oral behaviors, jaw function, and 
OHRQoL; and (c) low OHRQoL is associated with pain intensity, psychological distress, jaw overuse behavior, 
and jaw functional limitation in young TMD patients.

Methods
Study population
Ethics approval for this observational study was granted by the Institutional Review Board of the West China 
Hospital of Stomatology at Sichuan University (WCHSIRB-D-2022-212). The study adhered to the Declaration 
of Helsinki and was conducted in compliance with all relevant guidelines and regulations. To achieve a statistical 
power of 95% at a significance level of 0.05, applied in all primary analyses, a minimum sample size of 102 
participants across three comparison groups was determined using G*Power (Version 3.1.9.3) and an analysis of 
variance model26. This calculation was based on a large effect size (0.40) for OHRQoL among TMD subtypes27. 
From January 2022 to May 2024, participants were enrolled from consecutive first-visit adolescents and young 
adults seeking treatment for TMDs at the West China Hospital of Stomatology. The inclusion criteria comprised 
individuals aged 15 to 24 years, fluency in Chinese, presence of TMD signs/symptoms, and availability of DC/
TMD Axis I and II data. Exclusion criteria included a history of TMJ trauma or surgery, recent use (within 
the last 3 months) of central nervous system medications or analgesics, and the presence of other orofacial 
pain conditions such as odontogenic pain and neuralgia, severe psychiatric disorders, debilitating systemic 
diseases like cancer and rheumatoid arthritis, as well as cognitive impairment. Eligible patients received detailed 
information about the study, and if they were under 18 years old, their custodians were also briefed. Informed 
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consent was then obtained from either the patients or their custodians. Following this, participants completed 
a comprehensive survey that encompassed socio-demographic data and the Patient Health Questionnaire-9 
(PHQ-9), Generalized Anxiety Disorder-7 (GAD-7), Oral Behaviors Checklist (OBC), Jaw Functional Limitation 
Scale-8 (JFLS-8), and the OHIP-TMDs [2. 20, 28–31]. Except for the OHIP-TMDs, all other measures were part 
of the DC/TMD Axis II psychosocial and behavioral assessment tools.

TMD diagnosis and participant categorization
Participants underwent a clinical examination conducted by three examiners, including a principal evaluator. The 
secondary examiners were trained and calibrated by the principal evaluator, who had received formal instruction 
in the DC/TMD methodology. Inter-examiner Cohen’s kappa values ranged from 0.706 to 0.842, ensuring 
consistency in assessments. The examination included assessing pain locations, pain on palpation, TMJ sounds, 
jaw deviations, and range of jaw movements. Additionally, participants were asked to rate their current pain 
using a visual analog scale (VAS) where 0 = “no pain” and 10 = “most intense pain”. When significant structural 
pathologies were suspected, such as advanced TMJ degenerative joint disease, persistent disc displacement 
without reduction, or tumors, cone-beam computed tomography (CBCT) and/or magnetic resonance imaging 
(MRI) were performed. TMD diagnoses were founded on patient-reported symptoms, clinician-determined 
signs, and supplementary diagnostic imaging, utilizing the DC/TMD diagnostic algorithms2. Participants 
were subsequently classified by age into older adolescents (OA: 15 to 19 years) and young adults (YA: 20 to 24 
years)1. They were also categorized into three TMD subtypes following the stratified reporting framework for 
the DC/TMD: intra-articular (IT), pain-related (PT), and combined (CT) TMDs1,28. The CT subtype involves 
the concurrent presence of both IT and PT conditions, such as TMJ disc displacements and degenerative joint 
disease, along with TMJ arthralgia and masticatory muscle myalgia. While IT alone is non-painful, both PT and 
CT are considered painful TMDs.

Study measures
Psychological distress
Symptoms of depression and anxiety were assessed using the 9-item PHQ-9 and 7-item GAD-7, respectively29,30. 
Both measures have demonstrated good psychometric properties in Chinese adolescents and was utilized in 
China’s National Youth Cohort study31. A 4-point rating scale was used to evaluate items, ranging from 0 = “not 
at all” to 3 = “nearly every day.” Total sum scores were computed with higher scores indicating greater symptom 
severity. Depression was classified into four categories: mild (≥ 5 points), moderate (≥ 10 points), moderately 
severe (≥ 15 points), and severe (≥ 20 points). In contrast, anxiety was classified into three categories: mild (≥ 5 
points), moderate (≥ 10 points), and severe (≥ 15 points).

Oral behaviors
Oral activities during sleep and wakefulness were assessed with the 21-item OBC32. A 5-point rating scale 
was used to evaluate items, ranging from 0 = “none of the time” to 4 = “4–7 nights per week” or “all of the 
time”. Total OBC scores, reflecting “jaw overuse behavior”, were computed and classified into three categories: 
normal (0 to 16 points), low (17 to 24 points), and high (25 to 84 points)33. The OBC was also divided into 
three subscales: sleeping-state (SA), waking-state non-functional (WN), and waking-state functional (WF) oral 
activities34. SA subscale scores were calculated by summing the scores of item 1 (clenching or grinding teeth 
while asleep) and item 2 (sleeping in a position that puts pressure on the jaw), then multiplying this total by three 
to align it with the WN and WF subscales. WN subscale scores were calculated by summing items 3 (grinding 
teeth), 4 (clenching teeth), 5 (pressing, touching, or holding teeth together other than while eating), 6 (holding, 
tightening, or tensing muscles without clenching or bringing teeth together), 7 (holding or jutting jaw forward 
or to the side), and 11 (holding jaw in rigid or tense position). Similarly, WF subscale scores, involving normal 
jaw functioning, were calculated by summing items 12 (biting or holding objects between the teeth), 13 (chewing 
gum), 17 (eating between meals), 18 (sustained talking), 19 (singing), and 20 (yawning)34. Greater SA, WN, and 
WF subscale scores indicate elevated levels of oral activities occurring during sleep and wakefulness.

Jaw function
The functional status of the jaws was assessed using the 8-item JFLS-835. A numerical rating scale was used to 
evaluate items, range from 0 = “no limitation” to 10 = “extreme limitation”. Total JFLS-8 scores were computed, 
with higher scores indicating greater levels of “jaw function disability”36.

OHRQoL
OHRQoL was assessed with the 22-item OHIP-TMDs, which comprised seven domains: functional limitation, 
physical pain, psychological discomfort, physical disability, psychological disability, social disability, and 
handicap18,19. A 5-point rating scale was used to evaluate the items, ranging from 0 = “never” to 4 = “very often”. 
Total and domain-specific OHIP scores were computed by summing all 22 items and the designated items within 
each domain, accordingly. Greater OHIP scores indicated an impaired or lower OHRQoL.

Statistical analyses
The R statistical software (version 4.2.2, R Foundation for Statistical Computing, Vienna, Austria) was used 
for statistical assessments. Qualitative data were presented as frequencies and percentages and analyzed using 
the Chi-square test with Benjamini-Hochberg adjustment. Quantitative data were presented using means and 
standard deviations (SDs), as well as medians and interquartile ranges (IQRs). To evaluate data normality, 
the Shapiro-Wilk test was conducted, and results indicated that quantitative data did not follow a normal 
distribution. Consequently, non-parametric tests including the Kruskal-Wallis and Mann-Whitney U tests, post-
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hoc Dunn test with Benjamini-Hochberg adjustment, and Spearman’s rank-order correlation were employed. 
Correlation coefficients (rs) among variables were classified into four categories: weak (≥ 0.1), moderate (≥ 0.4), 
strong (≥ 0.7), or very strong (≥ 0.9). OHRQoL was dichotomized into high and low groups using the split-
median technique, based on the median total OHIP score of 30 points. As there are no universally accepted 
thresholds for low OHRQoL, this data-driven approach ensures balanced group distribution while maintaining 
statistical validity37. The biopsychosocial and behavioral factors associated with low OHRQoL was established 
with univariate and multivariate logistic regression analyses. A stepwise variable selection procedure was applied 
with a significance threshold of p < 0.10 to exclude factors that were not statistically significant. Findings were 
presented as odds ratios (ORs) with corresponding 95% confidence intervals (95% CI).

Results
Youths constituted 37.2% (418/1123) of all TMD patients treated during the study period. Of the 418 young 
patients who met the inclusion criteria, 11 were excluded due to prior TMJ trauma or surgery, and 9 due to 
recent use of analgesics. The final study sample consisted of 398 individuals, predominantly female (75.9%), 
with a mean age of 20.0 years (SD 2.8). Among these, 34.9% were diagnosed with IT, 17.8% with PT, and 47.2% 
with CT. Table 1 presents the mean/median pain intensity, depression, anxiety, oral behaviors, jaw functional 
limitation, and OHRQoL scores for the older adolescent (OA) and young adult (YA) groups. Significant 
differences in depression, anxiety, sleeping-state oral activity, and OHRQoL (specifically in the psychological 
discomfort, psychological disability, and handicap domains) were observed (YA > OA).

Table  2 presents the mean/median scores for the various variables across TMD subtypes. Substantial 
differences in pain intensity, depression, anxiety, waking-state non-functional oral activity, jaw functional 
limitation, and OHRQoL (all domains) were discerned between individuals with painful and non-painful 
TMDs (CT, PT > IT). Furthermore, the CT group had substantially greater jaw overuse behavior (total OBC) 
and waking-state functional oral activity than the IT group (CT > IT).

Table 3 presents the correlation coefficients among various variables for all participants, as well as for older 
adolescents and young adults. For all participants, OHRQoL showed moderate associations with depression, 
anxiety, and jaw functional limitation (rs = 0.53–0.61), while depression and anxiety exhibited strong correlations 
(rs = 0.79). In the OA group, moderate correlations were found between OHRQoL and pain intensity, depression, 
anxiety, jaw overuse behavior, and jaw functional limitation (rs = 0.40–0.55). Additionally, there was a moderate 
relationship between jaw overuse behavior and depression, as well as jaw functional limitations (rs = 0.46/0.40). 
In the YA group, OHRQoL was moderately correlated with the same variables as in older adolescents, except for 
jaw overuse behavior r (rs = 0.42–0.66).

Table 4 presents the outcomes of the univariate and multivariate logistic regression analyses. The univariate 
model revealed that low OHRQoL was significantly associated with age, sex, TMD subtypes, and various 
psychosocial and behavioral variables. However, the multivariate model indicated that only age (OR = 1.11; 95% 
CI = 1.02–1.22), pain intensity (OR = 1.19; 95% CI = 1.01–1.41), anxiety (OR = 1.24; 95% CI = 1.12–1.39), jaw 
overuse behavior (OR = 1.04; 95% CI = 1.00-1.08), and jaw functional limitation (OR = 1.08; 95% CI = 1.05–1.11) 
increased the odds of low OHRQoL.

Discussion
This study is among the first to investigate the psychosocial and behavioral characteristics of young East Asian/
Chinese TMD patients. It compared these aspects between older adolescents and young adults and across 
different TMD subtypes. Additionally, the study examined the interrelationships between depression, anxiety, 
oral behaviors, jaw functional limitation, and OHRQoL, as well as factors associated with low OHRQoL. The 
first and third hypotheses were confirmed, as significant differences in psychological distress, oral behaviors, 
jaw functional limitation, and OHRQoL were found between age groups and TMD subtypes, with specific 
psychosocial and behavioral factors related to the odds of low OHRQoL. Given that depression and anxiety 
exhibited strong correlations but only moderate associations with OHRQoL in both older adolescents and young 
adults, the second hypothesis was partially supported. Besides focusing on youths, older adolescents were also 
identified for the study because of the low frequency of younger adolescents (aged 10 to 14 years) presenting for 
TMD treatment3. The DC/TMD was used to evaluate older adolescents and young adults, taking growth and 
development into account. This included a -4 mm allowance for maximum mouth opening when necessary, 
though the adjustment was ultimately not required. While the DC/TMD for children and adolescents (ca-DC/
TMD) and its distinct Axis II measures may be more suitable for assessing adolescent patients, it has not yet 
been translated into Chinese or validated in Chinese children and adolescents1. Additionally, to ensure equitable 
comparisons, the same Axis II measures must be used for both older adolescents and young adults. Moreover, 
the PHQ-9 and GAD-7 are recognized as reliable and valid instruments for evaluating depressive and anxiety 
symptoms among Chinese adolescents31,38,39. These tools are employed in the Youth Cohort Study of China, 
which includes 22,868 participants, thereby addressing concerns about older adolescents’ cognitive capacity to 
comprehend and accurately report psychological and related measures31.

Comparison between older adolescents and young adults
Older adolescents and young adults made up around 37% of all TMD patients, highlighting considerable 
treatment needs for TMDs among youths, as reported in other East Asian samples4. As with adult TMD 
populations, the majority of young TMD patients (76%) were female22,28. The gender disparity in TMDs 
has been linked to hormonal and socio-cultural factors, as well as variations in psychological distress, pain 
sensitivity, and treatment-seeking behaviors28. Young adults had significantly higher levels of depression and 
anxiety, more sleeping-state oral activity, and poorer OHRQoL, particularly in the psychological discomfort, 

Scientific Reports |        (2025) 15:24926 4| https://doi.org/10.1038/s41598-025-10222-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


psychological disability, and handicap domains, compared to older adolescents. Young or emerging adulthood 
represents a crucial period for mental health and well-being40. It is marked by age-related experiential changes, 
including significant alterations in social roles, relationships, and responsibilities that are connected to the 
onset of depression and anxiety40,41. Both depression and anxiety have been associated with TMDs, increased 
oral behaviors, and reduced OHRQoL5,8,9. Higher levels of depression and/or anxiety may account for the 
significantly greater impact on the psychological and handicap domains of OHRQoL.

Comparison across TMD subtypes
Among the young TMD patients, 34.9% had IT, 17.8% had PT, and 47.2% had CT, with no significant differences 
in the prevalence of TMD subtypes between the older adolescent and young adult groups. This distribution 
differed somewhat from that of other East Asian young TMD samples (IT 48.1%, PT 6.2%, and CT 45.7%), 

Variables All young TMD patients Older adolescent (OA) Young adult (YA) P-value

Total, n (%) 398 (100) 158 (39.70) 240 (60.30)

Age Mean (SD) 20.01 (2.82) 16.99 (1.41) 22.00 (1.38) < 0.001

Median (IQR) 20.00 (4.00) 17.00 (2.00) 22.00 (2.00)

Sex Male, n (%) 96 (24.12) 52 (32.91) 44 (18.33) 0.001*

Female, n (%) 302 (75.88) 106 (67.09) 196 (81.67)

TMD subtypes Intra-articular, n (%) 139 (34.92) 56 (35.44) 83 (34.58) 0.985*

Pain-related, n (%) 71 (17.84) 28 (17.72) 43 (17.92)

Combined, n (%) 188 (47.24) 74 (46.84) 114 (47.50)

Pain intensity Mean (SD) 1.63 (1.85) 1.73 (1.81) 1.56 (1.88) 0.230

(VAS) Median (IQR) 1.00 (3.00) 1.50 (3.00) 1.00 (3.00)

Depression (PHQ-9) Mean (SD) 5.00 (4.87) 4.35 (4.73) 5.42 (4.93) 0.007

Median (IQR) 4.00 (7.00) 3.00 (7.75) 4.00 (7.00)

Anxiety (GAD-7) Mean (SD) 4.38 (4.40) 3.48 (3.84) 4.97 (4.64) < 0.001

Median (IQR) 3.00 (6.00) 2.00 (6.00) 4.00 (6.00)

Jaw overuse behavior Mean (SD) 26.89 (8.29) 26.27 (8.25) 27.30 (8.30) 0.159

(Total OBC) Median (IQR) 27.00 (11.00) 25.00 (11.75) 27.50 (10.00)

Sleepin-state (SA) Mean (SD) 13.21 (5.67) 12.13 (5.39) 13.93 (5.75) 0.001

Median (IQR) 12.00 (9.00) 12.00 (6.00) 12.00 (6.00)

Waking-state Mean (SD) 7.00 (3.78) 6.89 (3.87) 7.07 (3.73) 0.540

non-functional (WN) Median (IQR) 7.00 (5.00) 7.00 (5.00) 7.00 (6.00)

Waking-state Mean (SD) 8.57 (3.01) 8.68 (3.09) 8.49 (2.96) 0.564

functional (WF) Median (IQR) 8.00 (5.00) 9.00 (4.00) 8.00 (5.00)

Jaw functional limitation Mean (SD) 14.31 (10.20) 13.84 (9.40) 14.62 (10.71) 0.692

(JFLS-8) Median (IQR) 13.00 (15.00) 13.00 (14.00) 13.00 (16.00)

Overall OHRQoL Mean (SD) 30.62 (15.95) 27.75 (14.35) 32.51 (16.67) 0.006

(Total OHIP) Median (IQR) 30.00 (22.75) 27.00 (21.75) 32.00 (24.00)

Functional limitation Mean (SD) 3.67 (1.94) 3.77 (1.83) 3.60 (2.01) 0.301

Median (IQR) 4.00 (3.00) 4.00 (2.00) 4.00 (3.00)

Physical pain Mean (SD) 6.17 (3.74) 6.11 (3.72) 6.20 (3.76) 0.882

Median (IQR) 6.00 (6.00) 6.00 (6.00) 6.00 (6.00)

Psychological Mean (SD) 7.80 (4.08) 6.70 (3.77) 8.53 (4.12) < 0.001

discomfort Median (IQR) 8.00 (5.75) 7.00 (5.00) 8.00 (6.00)

Physical diability Mean (SD) 2.99 (1.94) 2.80 (1.82) 3.12 (2.00) 0.186

Median (IQR) 3.00 (2.00) 3.00 (2.00) 3.00 (2.00)

Psychological disability Mean (SD) 6.36 (4.63) 5.28 (4.04) 7.07 (4.87) < 0.001

Median (IQR) 6.00 (6.75) 5.00 (6.00) 7.00 (8.00)

Social disability Mean (SD) 1.48 (1.62) 1.32 (1.56) 1.59 (1.65) 0.080

Median (IQR) 1.00 (2.00) 1.00 (2.00) 1.00 (3.00)

Handicap Mean (SD) 2.14 (1.95) 1.77 (1.76) 2.38 (2.03) 0.003

Median (IQR) 2.00 (3.00) 2.00 (3.00) 2.00 (3.00)

Table 1.  Characteristics of the older adolescent (15–19 years old) and young adult (20–24 years old) 
groups. SD: Standard Deviation; IQR: Interquartile Range; VAS: Visual Analog Scale; PHQ-9: Patient Health 
Questionnaire-9; GAD-7: General Anxiety Disorder-7; OBC: Oral Behaviors Checklist; JFLS-8: Jaw Functional 
Limitations Scale-8; OHIP: Oral Health Impact Profile for TMDs. Results of Chi-square* and Mann-Whitney 
U tests. Bold indicates p < 0.05.
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suggesting possible ethnic and regional variations22. Individuals with CT and PT, which involved TMD pain, 
showed significantly higher pain intensity, depression, anxiety, more waking-state non-functional oral activity, 
greater jaw functional limitations, and poorer OHRQoL than those with IT conditions that were non-painful. 
Additionally, the CT group exhibited significantly greater jaw overuse behavior and more waking-state functional 
oral activity compared to the IT group. Depression and anxiety levels were mostly mild in the CT and PT groups, 
which also displayed high levels of jaw overuse behavior.

Findings corroborated those from previous adult TMD studies, where variables were seldom examined 
concurrently, demonstrating the association of painful TMDs with psychological distress, oral behaviors, jaw 
functional limitations, and impaired OHRQoL12,17,42–44. The intricate interactions among these factors, as well 
as others such as somatic symptoms and sleep, remain unclear but could be linked to central sensitization 
(heightened responsiveness of the central nervous system to nociceptive and sensory stimuli)45.

Variables Intra-articular TMD (IT) Pain-related TMD (PT) Combined TMD (CT)
P-value
Post-hoc

Total, n (%) 139 (34.92) 71 (17.84) 188 (47.24)

Age Mean (SD) 20.01 (2.51) 20.21 (2.86) 19.93 (3.03) 0.744

Median (IQR) 20.00 (4.00) 21.00 (5.00) 20.00 (6.00)

Age group Adolescents, n (%) 56 (40.29) 28 (39.44) 74 (39.36) 0.985*

Young adults, n (%) 83 (59.71) 43 (60.56) 114 (60.64)

Sex Male, n (%) 43 (30.94) 19 (26.76) 34 (18.09) 0.023*

Female, n (%) 96 (69.06) 52 (73.24) 154 (81.91) CT > IT

Pain intensity Mean (SD) 0.52 (1.32) 2.13 (1.88) 2.26 (1.81) < 0.001

(VAS) Median (IQR) 0.00 (0.00) 2.00 (2.00) 2.00 (2.00) CT, PT > IT

Depression (PHQ-9) Mean (SD) 3.85 (4.73) 5.92 (5.63) 5.50 (4.52) < 0.001

Median (IQR) 3.00 (5.00) 5.00 (8.00) 5.00 (8.00) CT, PT > IT

Anxiety (GAD-7) Mean (SD) 3.22 (4.12) 5.08 (4.85) 4.97 (4.26) < 0.001

Median (IQR) 2.00 (5.00) 4.00 (6.50) 4.00 (6.00) CT, PT > IT

Jaw overuse behavior Mean (SD) 25.51 (9.04) 27.34 (7.60) 27.75 (7.86) 0.035

(Total OBC) Median (IQR) 25.00 (11.50) 26.00 (12.00) 28.00 (10.00) CT > IT

Sleepin-state (SA) Mean (SD) 12.67 (5.88) 12.93 (5.84) 13.72 (5.44) 0.455

Median (IQR) 12.00 (9.00) 12.00 (7.50) 12.00 (9.00)

Waking-state Mean (SD) 6.33 (4.02) 7.72 (3.68) 7.22 (3.58) 0.007

non-functional (WN) Median (IQR) 6.00 (6.00) 7.00 (5.00) 7.00 (4.00) CT, PT > IT

Waking-state Mean (SD) 8.13 (3.16) 8.38 (2.91) 8.96 (2.90) 0.023

functional (WF) Median (IQR) 8.00 (4.00) 8.00 (4.00) 9.00 (4.00) CT > IT

Jaw functional limitation Mean (SD) 10.33 (9.65) 14.41 (9.48) 17.21 (9.92) < 0.001

(JFLS-8) Median (IQR) 8.00 (13.00) 13.00 (15.00) 16.00 (14.00) CT, PT > IT

Overall OHRQoL Mean (SD) 23.00 (14.32) 35.03 (16.74) 34.59 (14.74) < 0.001

(Total OHIP) Median (IQR) 22.00 (21.00) 33.00 (23.50) 34.00 (20.00) CT, PT > IT

Functional limitation Mean (SD) 2.91 (2.01) 3.66 (1.68) 4.23 (1.78) < 0.001

Median (IQR) 3.00 (3.00) 4.00 (2.00) 4.00 (2.00) CT > PT > IT

Physical pain Mean (SD) 3.77 (3.17) 7.94 (3.32) 7.27 (3.38) < 0.001

Median (IQR) 3.00 (5.00) 8.00 (4.00) 7.00 (4.00) CT, PT > IT

Psychological Mean (SD) 6.58 (3.97) 8.23 (4.23) 8.55 (3.91) < 0.001

discomfort Median (IQR) 7.00 (6.00) 8.00 (6.00) 8.00 (5.00) CT, PT > IT

Physical diability Mean (SD) 2.24 (1.75) 3.28 (2.02) 3.45 (1.88) < 0.001

Median (IQR) 2.00 (3.00) 3.00 (3.00) 3.00 (3.00) CT, PT > IT

Psychological disability Mean (SD) 5.05 (4.15) 7.15 (5.18) 7.03 (4.57) < 0.001

Median (IQR) 5.00 (7.00) 6.00 (7.50) 7.00 (7.00) CT, PT > IT

Social disability Mean (SD) 0.98 (1.42) 1.96 (1.71) 1.68 (1.64) < 0.001

Median (IQR) 0.00 (2.00) 2.00 (3.00) 2.00 (3.00) CT, PT > IT

Handicap Mean (SD) 1.48 (1.77) 2.80 (2.09) 2.38 (1.89) < 0.001

Median (IQR) 1.00 (2.00) 3.00 (3.00) 2.00 (3.00) CT, PT > IT

Table 2.  Characteristics of participants with intra-articular, pain-related, and combined TMD conditions. 
SD: Standard Deviation; IQR: Interquartile Range; VAS: Visual Analog Scale; PHQ-9: Patient Health 
Questionnaire-9; GAD-7: General Anxiety Disorder-7; OBC: Oral Behaviors Checklist; JFLS-8: Jaw Functional 
Limitations Scale-8; OHIP: Oral Health Impact Profile for TMDs. Results of Chi-square test* and Kruskal-
Wallis/post-hoc Dunn’s test with Benjamini-Hochberg adjustment. Bold indicates p < 0.05.

 

Scientific Reports |        (2025) 15:24926 6| https://doi.org/10.1038/s41598-025-10222-8

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


The impact of TMDs on OHRQoL may vary between young and older patients, as the young patients in this 
study exhibited lower overall OHRQoL scores when contrasted with mature TMD patients4, With higher scores 
in psychological discomfort and disability domains observed in both young and mature patients, psychological 
factors may play a more central role in the OHRQoL of TMD sufferers4,10. Besides age-related experiential 
changes, the prevalence and severity of psychological distress tend to increase with age due to physical and 
cognitive changes contributing partly to the poorer OHRQoL in mature TMD patients46.

Correlation and regression analyses
Even though depression and anxiety are distinct emotional states, their comorbidity is well-recognized47. 
Potential explanations for the high comorbidity and strong correlation observed include limitations in the 

Variables

Univariate Multivariate

Odds ratio (95% CI) P-value* Odds ratio (95% CI) P-value^

Age 1.13 (1.06, 1.22) 0.001 1.11 (1.02, 1.22) 0.024

Sex

Male Reference Reference

Female 1.81 (1.14, 2.91) 0.013 1.03 (0.56, 1.90) 0.921

TMD subtype

Intra-articular Reference Reference

Pain-related 3.13 (1.74, 5.71) < 0.001 1.71 (0.80, 3.66) 0.166

Combined 3.48 (2.20, 5.56) < 0.001 1.51 (0.81, 2.80) 0.197

Pain intensity (VAS) 1.46 (1.29, 1.67) < 0.001 1.19 (1.01, 1.41) 0.037

Depression (PHQ-9) 1.25 (1.18, 1.32) < 0.001 1.02 (0.94, 1.12) 0.611

Anxiety (GAD-7) 1.36 (1.27, 1.47) < 0.001 1.24 (1.12, 1.39) < 0.001

Jaw overuse behavior (Total OBC) 1.08 (1.05, 1.11) < 0.001 1.04 (1.00, 1.08) 0.030

Jaw functional limitation (JFLS-8) 1.11 (1.08, 1.14) < 0.001 1.08 (1.05, 1.11) < 0.001

Table 4.  Factors associated with low ohrqol. VAS: Visual Analog Scale; PHQ-9: Patient Health 
Questionnaire-9; GAD-7: General Anxiety Disorder-7; OBC: Oral Behaviors Checklist; JFLS-8: Jaw Functional 
Limitations Scale-8. Results of univariate* and multivariate^ logistic regression analyses. Bold indicates 
p < 0.05.

 

Groups Variables PI PHQ-9 GAD-7 Total OBC JFLS-8

All participants

PI –

PHQ-9 0.22*** –

GAD-7 0.21*** 0.79*** –

Total OBC 0.14** 0.35*** 0.29*** –

JFLS-8 0.35*** 0.30*** 0.33*** 0.24*** –

Total OHIP 0.39*** 0.54*** 0.61*** 0.35*** 0.53***

Older adolescent (OA)

PI –

PHQ-9 0.21** -

GAD-7 0.21** 0.80*** –

Total OBC 0.21** 0.46*** 0.39*** –

JFLS-8 0.39*** 0.31*** 0.32*** 0.40*** –

Total OHIP 0.40*** 0.51*** 0.54*** 0.48*** 0.55***

Young adult (YA)

PI –

PHQ-9 0.23*** –

GAD-7 0.23*** 0.77*** –

Total OBC 0.11 0.26*** 0.19** –

JFLS-8 0.32*** 0.30*** 0.35*** 0.14* –

Total OHIP 0.42*** 0.56*** 0.66*** 0.27*** 0.53***

Table 3.  Correlations among the various variables for all participants, older adolescent, and young adult TMD 
patients. PI: Pain intensity; PHQ-9: Patient Health Questionnaire-9 (depression); GAD-7: General Anxiety 
Disorder-7 (anxiety); WI-8: Whiteley Index-8 (health anxiety); OBC: Oral Behaviors Checklist (jaw overuse 
behavior); JFLS-8: Jaw Functional Limitation-8 (jaw functional limitation); OHIP: Oral Health Impact Profile 
for TMDs (OHRQoL). Results of Spearman’s correlation with Benjamini-Hochberg adjustment. *indicates 
p < 0.05, ** indicates p < 0.01, *** indicates p < 0.001,and bold indicates correlation coefficient > 0.4.
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discriminative ability of existing measures, shared negative impacts of both emotional states, the occurrence 
of stressful life events, impaired cognitive functions, and common genetic or biological predispositions48. As a 
whole, the OHRQoL of young Chinese TMD patients showed moderate relationships with depression, anxiety, 
and jaw functional limitation, with anxiety having the highest correlation. The associations of OHRQoL with pain 
intensity and jaw overuse behavior, albeit significant, were weaker. Correlations for both older adolescent and 
young adult TMD patients were generally similar and consistent with those of mature patients, supporting the 
use of the various Axis II measures and the OHIP-TMDs in older adolescents4,27. Nevertheless, some differences 
were observed regarding jaw overuse behavior, which was notably high among young TMD patients. OHRQoL 
was moderately related to jaw overuse behavior in older adolescents, but not in young adults. Moreover, jaw 
overuse behavior was moderately associated with depression and jaw functional limitation in older adolescents. 
The exact reason for these findings remains unclear, but they may be possibly related to the use of oral behaviors 
as a dysfunctional coping mechanism during puberty49. This period is characterized by physical transformation 
involving hormonal changes and growth, cognitive development, as well as increased social awareness, and is 
linked to emotional fluctuations, TMD, and somatic symptoms50.

While low OHRQoL was related to all variables in the univariate analysis, it was only associated with age, 
pain intensity, anxiety, jaw overuse behavior, and jaw functional limitation in the multivariate model. However, 
the effect sizes were small, with ORs below 1.5. Anxiety and pain intensity had a more pronounced impact, 
increasing the odds of low OHRQoL by 24% and 19%, respectively, followed by age (11%), jaw functional 
limitation (8%) and jaw overuse behavior (4%). The greater impact of anxiety over depression on OHRQoL 
corresponds to the higher prevalence of anxiety disorders (6.5%) relative to depressive disorders (2.6%) in 
children and adolescents worldwide51. Moreover, the widespread use of social media may exacerbate negative 
emotions and experiences, including the Fear of Missing Out (FoMO) and cyberbullying, potentially increasing 
both depression and anxiety among youths52,53. The impact of TMD pain on OHRQoL is well-documented and 
is largely attributed to jaw function limitations, psychological distress, sleep disturbances, and disruptions in 
daily and social activities10,17,54. Age could impact OHRQoL through heightened psychological distress, whereas 
oral behaviors and jaw function limitations might affect it as a result of TMD pain. Effectively addressing anxiety, 
pain, jaw disability, and oral behaviors is essential for managing young TMD patients, as prioritizing these 
factors can improve OHRQoL and treatment outcomes. Additionally, integrating structured education on the 
masticatory system, TMD symptoms, contributing factors, and risk management into middle and high school 
curricula may help reduce the incidence and severity of TMDs. Early awareness and preventive strategies in 
educational settings can empower students to adopt healthier lifestyles and oral habits, potentially minimizing 
the long-term impact of these disorders55.

Study strengths and limitations
The study focused on youths aged 15 to 24 years, a group often underrepresented in clinical TMD research. It 
involved a large sample of young TMD patients and employed a wide range of DC/TMD Axis II measures, along 
with a TMD-specific OHRQoL instrument, confirming their applicability for older adolescents. Moreover, the 
study distinguished between different TMD subtypes using the internationally accepted DC/TMD protocol, 
facilitating a nuanced understanding of how TMD conditions impact OHRQoL and enabling future cross-
cultural comparisons.

Although the study possessed notable strengths, it also had its limitations. Firstly, its cross-sectional nature 
precludes inference of causal relationships between the variables. Furthermore, the cross-sectional design does 
not provide insight into changes in psychosocial/behavioral characteristics and OHRQoL over time in young 
TMD patients, highlighting the need for future longitudinal studies. Secondly, findings cannot be generalized to 
other racial and ethnic groups as the study exclusively involved young TMD patients from a single geographic 
region. Thirdly, while the Axis II and OHRQoL measures used are validated, they rely on self-reporting, making 
them susceptible to information biases such as recall and social desirability partialities. Additionally, oral 
activities during sleep are often unconscious and involuntary, further reducing the reliability of self-reporting. 
Instrument-based assessments, such as electromyography, offer more precise evaluations and are recommended 
when sleep bruxism is a primary focus. Lastly, the study may not have accounted for all potential confounding 
variables that could affect the relationships observed. These include “impact events” (such as the Coronavirus 
Disease 2019 pandemic), psychological well-being, social support, other physical symptoms, and sleep quality56.

Conclusion
This study provides valuable insights into the biopsychosocial aspects of TMDs in youths, a population often 
underrepresented in clinical research. It found that approximately one-third of TMD patients belong to this 
demographic, with young adults experiencing higher levels of depression, anxiety, sleeping-state oral activity, 
and lower OHRQoL compared to older adolescents. This distinction underscores the unique challenges faced 
by these two age groups. Furthermore, this study presents a comparative analysis of painful (CT and PT) and 
non-painful (IT) TMDs in young patients, revealing significant differences in pain intensity, psychological 
distress, waking-state non-functional activity, jaw functional limitation, and OHRQoL. By identifying anxiety 
as the strongest factor influencing OHRQoL, alongside pain intensity, age, jaw functional limitation, and jaw 
overuse behavior, this research deepens understanding of the complex interplay between mental health and 
functional impairment in young TMD patients. These findings highlight the need for targeted, multidimensional 
interventions that integrate mental health support, pain management, and behavioral therapy to improve the 
well-being and OHRQoL of young individuals with TMD.
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Data availability
The datasets generated and analyzed during the current study are not publicly accessible but can be obtained 
from the corresponding author upon reasonable request.
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