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Temporomandibular disorder as an indicator
of altered physiological stress reactivity:
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Abstract

Background Temporomandibular disorders (TMDs) are frequently associated with psychological stress. Their
prevalence appears particularly high in populations exposed to substantial stress, such as students during
examination periods. While subjective assessments have linked TMDs to psychological stress, physiological evidence
remains limited. Heart rate variability (HRV) is an established biomarker of autonomic regulation and stress reactivity
and may therefore be useful for characterizing stress responses in individuals with TMD symptoms.

Objective This study investigated stress reactivity in students with and without TMD symptoms using HRV as a
physiological marker within a standardized stress protocol.

Methods A total of 138 healthy students (aged 23-36 years) were recruited. TMD symptoms were assessed using a
standardized protocol based on bruxism guidelines, focusing on palpation-evoked pain and limitations in mandibular
range of motion. Psychological stress and depressive symptoms were assessed using the Perceived Stress Scale (PSS)
and the Beck Depression Inventory-Il (BDI-II), respectively. Acute stress was induced using the Trier Social Stress Test
(TSST). HRV was recorded at baseline, during the pre-stress phase, and during stress exposure. RR intervals were
analyzed using Kubios software, with the root mean square of successive differences (RMSSD) as the primary HRV
parameter. Statistical analyses used linear mixed-effects models adjusted for potential confounders, including age,
sex, and baseline stress levels.

Results TMD symptoms, particularly palpation-evoked pain, were significantly associated with psychological stress
measures (p < 0.005). Students with TMD symptoms also showed higher depressive symptom scores (p < 0.002). Due
to participant dropout, statistical power for HRV analyses was limited; however, effect estimates suggested a trend
toward prolonged autonomic dysregulation in students reporting TMD-related pain.

Conclusion The findings provide preliminary physiological evidence linking TMD symptoms to psychological stress
and indicate altered autonomic stress responses in students with TMD pain. Early symptom recognition and the
integration of stress management strategies may be beneficial components of TMD care. Future research should
incorporate additional biomarkers (e.g., cortisol) and use larger longitudinal designs to improve clinical applicability.
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Introduction
A growing body of research suggests that stress and psy-
chological distress are among the most important factors
contributing to the onset and progression of temporo-
mandibular disorders (TMDs) [1]. The global prevalence
of TMD has been estimated at 29.5%, while prevalence
estimates for the “muscle pain” subtype vary widely
across studies (10% —7%) [2]. As TMD represents a mul-
tifactorial clinical condition, a biopsychosocial model is
required to understand its development [2]. Psychologi-
cal factors commonly incorporated in this model such as
anxiety, somatization, and psychological stress appear to
play a substantial role in TMD [3]. In one study, 65.2%
of patients with TMD and related symptoms reported
chronic stress [4]. Consistently, stress levels were signifi-
cantly higher in patients with TMD and bruxism than in
individuals without these conditions [5]. Several reports
further indicate that TMD prevalence increases as
patient age decreases. Among students, prevalence esti-
mates vary considerably, ranging from 44.3% [6] to 90.1%,
compared with 75.7% among faculty [7]. Students also
reported more symptoms and significantly more para-
functional activities than TMD comprises disorders of
the temporomandibular joint and the surrounding mus-
culature that may lead to pain and functional imfaculty
members [8] pairment in the head, neck, and shoulder
region [9]. Because diagnosis depends on multiple fac-
tors and the term “TMD” serves as an umbrella label for
a broad and heterogeneous symptom spectrum, a univer-
sally accepted definition is lacking. One definition pro-
posed by the German Society for Functional Diagnostics
and Therapy (DGFDT) states: “TMD includes pain and/
or dysfunction of the masticatory muscles and/or tem-
poromandibular joints and/or dysfunction of occlusion”
[1]. Clinical manifestations range from mild discomfort
to severe pain and dysfunction of the jaw and associated
musculature. Symptoms may also include tooth grind-
ing or clenching, headaches, migraine, and tinnitus. The
etiology is likewise heterogeneous; TMD is generally
considered multifactorial. In addition to psychosocial
factors, potential contributors include injury or trauma
to the temporomandibular joint, inappropriate or exces-
sive mechanical loading, infections or inflammation, as
well as osteoarthritis or arthritis [4]. Whereas occlusal
disorders and dental morphology were historically con-
sidered primary causes, a substantial body of evidence
now emphasizes psychosocial factors, particularly stress,
as key correlates [1].

Stress may promote excessive activation of the
masticatory muscles [6], increasing load on the

temporomandibular joint and surrounding tissues
and potentially resulting in pain, muscle tension, and
restricted mandibular movement. Moreover, stress has
been proposed as a contributing factor to bruxism [10].
Graner et al. (2018) investigated associations between
mental health, stress, and TMD prevalence in Brazilian
dental students. They reported a higher prevalence of
TMD among dental students (20%—48%) than in the gen-
eral population (20% —25%) and found that psychological
factors were significantly associated with TMD. Specifi-
cally, the risk of TMD was up to four times higher among
students who had received psychiatric treatment before
or during their studies and among those who rated
their academic performance and social life more nega-
tively. In addition, higher resilience was associated
with a lower prevalence of TMD, suggesting a potential
protective role [11].

Although prior studies indicate a clear association
between TMD and stress [1, 4, 7, 12], objective physi-
ological evidence - particularly based on heart rate vari-
ability (HRV) measured during standardized stress
induction—remains limited.

HRV is a widely used marker of autonomic regula-
tion and can provide information about an individual’s
physiological stress state, reflecting the balance between
parasympathetic and sympathetic activity and aspects
of sympathetic—adrenal-medullary (SAM) axis activa-
tion [13]. HRV describes the variation in time intervals
between consecutive heartbeats (RR intervals), which is
regulated by the autonomic nervous system [14]. Higher
HRYV is generally interpreted as indicating healthier auto-
nomic flexibility, whereas lower HRV may reflect reduced
parasympathetic activity and autonomic imbalance and
has been associated with stress, mental disorders, and
cardiovascular disease [14, 15]. HRV is typically quanti-
fied from electrocardiographic recordings by analyzing
RR intervals with high temporal precision [14, 15].

Empirical studies comparing patients with TMD to
control groups have reported altered HRV in TMD,
suggesting an association between TMD and auto-
nomic regulation [16—18]. Some findings also indicate
that TMD-focused therapeutic interventions may be
accompanied by improvements in autonomic function,
reflected in HRV changes. Conversely, interventions tar-
geting autonomic regulation may exert beneficial effects
on TMD-related symptoms. However, the underlying
mechanisms and the directionality of these associations
remain to be clarified.

It is still unclear whether and to what extent stress-
related HRV reactivity is altered in individuals with
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TMD. Addressing this question requires HRV mea-
surement under standardized conditions during stress
induction, alongside a detailed assessment of TMD
symptomatology. Therefore, the aim of the present study
was to investigate whether stress reactivity, assessed
using HRV during a standardized stress test, differs in
individuals with TMD compared with those without
TMD symptoms.

Materials and methods

Study participants

This pilot study included 138 healthy students recruited
at Johannes Gutenberg University Mainz via electronic
advertisements and snowball sampling [19]. After com-
pletion of the clinical and psychological assessments, 66
participants remained for the subsequent procedures.
60% of the participants were female. The age range was
23-36 years. Exclusion criteria were acute or chronic
medical conditions, current or past psychiatric diagno-
ses, regular medication use, substance use, and major
stressful life events within the previous six months.
Heavy smoking (> 10 cigarettes/day) and age outside the
predefined range (22—-37 years) also led to exclusion. Eli-
gibility was verified during a telephone screening using
the Structured Clinical Interview for DSM Disorders
(SCID) [20] based on the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-1V) [21].

Ethics

All participants received written study information and
provided written informed consent. Participation was
voluntary, and non-participation was not associated
with any disadvantages. Participants were informed that
they could withdraw at any time without providing rea-
sons and without negative consequences. The participant
information and consent materials, as well as the study
protocol, were approved by the local ethics committee.
Ethical approval was granted by the Ethics Committee of
the Landesérztekammer Rheinland-Pfalz, Germany (No.
2019-14188).

Materials

Clinical measures — TMD diagnosis

Clinical functional status was assessed using a structured
questionnaire and standardized clinical criteria to deter-
mine the presence and impact of temporomandibular
disorders (TMD). TMD assessment was standardized
according to the German Society for Functional Diagnos-
tics and Therapy (DGFDT) [1]. Participants were asked
about and/or examined for:

«+ pain or functional impairment in head and neck
regions,
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« tenderness or pain on palpation of specific muscle
groups,

+ temporomandibular joint noises, and.

+ pain or impairment during mandibular movements.

Psychological measures
Psychological status
instruments:

was assessed using seven

(1) Structured Clinical Interview for DSM Disorders
(SCID) [20]: a semi-structured diagnostic interview
based on DSM (Diagnostic and Statistical Manual of
Mental Disorders) criteria [21] used to assess mental
disorders reliably and validly.

(2) Symptom Checklist-90-Revised (SCL-90-R) [22]:

a self-report instrument assessing psychological
and somatic distress (90 items; five-point response
format).

(3) Perceived Stress Scale (PSS), German version [23]: 14
items rated on a five-point Likert scale (1 =never to
5=very often).

(4) Beck Depression Inventory-1I (BDI-II) [24]: 21 items
assessing depressive symptoms (0—3 per item; total
score 0—63).

(5) State—Trait Anxiety Inventory (STAI) [25]: assesses
state and trait anxiety using two 20-item subscales
rated on a four-point Likert scale (1 =not at all to
4 =very much).

(6) Primary Appraisal Secondary Appraisal (PASA)

[26]: assesses cognitive appraisal processes; primary
appraisal reflects perceived threat; secondary
appraisal reflects perceived coping resources. A
stress index is computed as an integrated measure

of transactional stress; higher scores indicate higher
perceived stress. The PASA comprises 16 items rated
on a six-point Likert scale (1 = completely disagree to
6 = completely agree).

(7) Visual analogue scale (VAS): used to assess self-
reported stress after each condition, ranging from 0
(no stress) to 100 (maximum stress).

Heart rate measurement

Continuous heart rate was recorded using the Polar V800
system with an H10 chest strap (Polar, Finland; sampling
rate 1000 Hz). RR intervals were analyzed using Kubios
software (Kubios Oy, Kuopio, Finland). The automated
detection algorithm was used to identify and correct
artifacts and ectopic beats (artifact correction thresh-
old: 0.45 s). HRV was evaluated in 5-minute segments
during the experimental and recovery phases: condition
1 (0-5 min), condition 2 (5-10 min), condition 3 (10—
15 min), recovery 1 (0—5 min post-condition), and recov-
ery 2 (5-10 min post-condition).
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Trier social stress test

The Trier Social Stress Test (TSST) [27], according to
Kirschbaum et al. (1993), is a standardized laboratory
paradigm that reliably induces acute psychosocial stress.
It combines two core stressors: social-evaluative threat,
whereby participants’ performance is judged by others,
and uncontrollability, elicited through unexpected tasks
in an explicitly evaluative setting [27].

Procedures

First, the administrative formalities were completed,
and the participants were given standardized instruc-
tions regarding the study protocol. This was followed
by a waiting period of around 15 min. Participants were
instructed to refrain from eating, drinking (except water,
if permitted), and smoking for at least 2 h before test-
ing and throughout the approximately 2-hour testing
session. Overall, approximately 20 min were scheduled
prior to TSST onset, including arrival and physiological
set-up. During the waiting phase, participants completed
the Symptom Checklist-90-Revised (SCL-90-R) [22]
to confirm eligibility. Each participant was fitted with a
chest strap for continuous heart rate recording, and the
recording device was prepared. Subsequently, a 3-minute
respiratory sinus arrhythmia (RSA) assessment was con-
ducted, during which breathing was standardized to six
paced breaths per minute. The steady rhythmic technique
was used.

Physiological set-up and baseline (Room 1): Baseline
measurements (T0) were obtained at the beginning of the
waiting phase. After 15 min, the participant was escorted
to the test room (Room 2), where the TSST panel was
already present.

TSST phase (Room 2): Preparation: Tasks were
explained using a standardized script. Participants
received 5 min to prepare their speech (Condition 1).
Free speech: The experimenter visibly initiated video
recording and then left the room; the panel remained
seated. Participants delivered a 5-minute speech, with
standardized prompts provided by a panel member if
necessary (Condition 2).

Mental arithmetic: Immediately after the speech, the
panel introduced a 5-minute mental arithmetic task
without prior warning. This unexpected transition was
intended to enhance perceived uncontrollability (Condi-
tion 3).

Cognitive appraisal was assessed three minutes after
the start of each condition using the Primary Appraisal
Secondary Appraisal (PASA) questionnaire [26]. Imme-
diately after each condition, self-reported stress was
assessed using a visual analogue scale (VAS).

Return, debriefing, and recovery (Room 1): After
completion of the arithmetic task, participants returned
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to Room 1 (Recovery 1), which occurred approximately
20 min after TSST onset. A VAS assessment was admin-
istered, followed by a standardized debriefing. Par-
ticipants were informed that the tasks were designed
to be difficult, that the camera and panel were essential
components of the stress paradigm, and that no actual
performance evaluation was intended (Recovery 2). Par-
ticipants then remained in the waiting area for an addi-
tional recovery period of approximately 35 min; neutral
magazines were provided.

An overview of the examination procedure is presented
in Fig. 1.

Statistics

Statistical analysis

Descriptive statistics are reported as frequencies and per-
centages. Associations were examined using Spearman’s
rank correlation coefficients. Between-group differences
were assessed using two-tailed independent-samples t
tests. The effect of acute stress on heart rate variability
(HRV) was analyzed using a general linear model (GLM).

Software

Statistical analyses were performed using jamovi (The
jamovi project, 2025; version 2.3.28) and IBM SPSS Sta-
tistics for Windows (IBM Corp., 2022; version 29.5).

Results

Evaluation of clinical functional status (TMD)

Between 12 and 16 students reported facial pain, whereas

36 to 41 reported no pain. Thirteen to fourteen partici-

pants did not provide information on this item.
Regarding temporomandibular joint palpation, 47 to 53

students provided data; of these, 3 to 8 reported discom-

fort and 1 to 2 reported pains, 13 to 19 students did not

participate in this assessment.

TMD criteria and the psychological symptoms
To represent the correlations between TMD criteria and
psychological symptoms in Table 1, the TMD criteria
were assessed in accordance with the DGFDT protocol.
Temporomandibular joint palpation was significantly
correlated with psychological stress parameters, with
the exception of negative self-efficacy. Significant cor-
relations were also observed for isometry/mobility and
horizontal jaw relation. No significant correlations with
psychological stress parameters were found for vertical
jaw relation.

psychological stress induction

Following the TSST, participants completed the VAS
immediately after the procedure and before the resting
condition. Overall, 68% indicated that the statement “I
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Fig. 1 Overview of the examination procedure. PASA, Primary Appraisal Secondary Appraisal; TSST, Trier Social Stress Test; VAS, visual analogue scale.

Based on Labuschagne et al. [28].

found the situation challenging” was somewhat to com-
pletely true. Similarly, 75% rated the statement “The situ-
ation was stressful for me” as somewhat to fully accurate.

Perceived stress at the beginning of the TSST was sig-
nificantly correlated with higher scores for temporoman-
dibular joint palpation.

Group comparison: students with vs. without TMD pain on
perceived stress symptoms
Table 2 compares students who reported TMD pain with
those who did not report TMD pain. The pain-related
items listed in Table 3 were combined into a composite
sum score (“pain”), which was used to classify partici-
pants into pain vs. no pain groups. These groups were
compared with respect to psychometric measures of anx-
iety, stress, and depression.

Table 2 shows significant group differences only for
VAS Pain/No Pain for the BDI, a statistical trend is pres-
ent (p=0.056).

Heart Rate Variability during stress induction

At TSST onset (TO), both groups showed increased
RMSSD values. During the TSST, RMSSD decreased
in both groups. Up to T2, RMSSD values in the TMD
group were slightly lower than those in the control
group. From T2 onwards, RMSSD values in the control
group were lower than those in the TMD group. From
T2 to T3, RMSSD values in both groups appeared to
plateau.

Discussion
The present study yielded several noteworthy findings.
First, TMD-related clinical parameters, particularly
temporomandibular joint palpation, were significantly
associated with psychological stress symptoms, whereas
vertical jaw relation showed no such relationship. Signifi-
cant associations were also observed for isometry/mobil-
ity and horizontal jaw relation, suggesting that specific
functional aspects of TMD may be more closely linked to
psychological burden than others. Second, the TSST was
perceived as stressful by the majority of participants, sup-
porting the validity of the experimental stress induction.
In this context, higher perceived stress at the beginning
of the TSST was significantly correlated with increased
temporomandibular joint palpation scores. Third, when
students with and without TMD pain were compared,
significant group differences were found only for the
pain-related VAS measure, while depressive symptoms
showed a statistical trend. Finally, HRV, indexed by
RMSSD, decreased during the TSST in both groups, indi-
cating autonomic stress reactivity. Although both groups
showed a broadly similar decline over time, the pattern
of RMSSD values differed slightly between students with
and without TMD pain across the measurement points.
The relatively high prevalence of self-reported head and
facial pain following administration of the TMD ques-
tionnaire (23—-31%) suggests that a substantial proportion
of the students may be affected by TMD symptoms [9].
The significant associations between stress-related symp-
toms and individual TMD criteria support the presence
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Table 1 Correlations between TMD criteria and psychological symptoms

Occlusion Palpation Iso/ Mobi Horiz. KR Verti. KR
rs=-0.007 rs=0416 rs=0.397 rs=0.118 rs=-0.061
Pain p< .962 p<.002 p< .004 p< .447 p< .671
N=50 N=52 N=52 N=44 N=51
rs=-0.168 rs=0.385 rs=0.167 rs=-0.418 rs=-0.046
PSS - Overall score p< .243 p< .005 p< .238 p< .005 p< .747
N=50 N=52 N=52 N=44 N=51
rs=0.047 rs=0364 rs=0220 rs=0.040 rs=-0.060
PSS - Helplessness p< .748 p< .008 p<.118 p<. 795 p< .677
N=50 N=52 N=52 N=44 N=51
r=-0.032 rs=0078 rs=0.238 rs=-0.331 rs=-0.098
PSS - Self-efficacy p< .828 p< .586 p< .089 p< .028 p< .495
N=50 N=52 N=52 N=44 N=51
rs=-0.029 rs=0433 rs=0.275 rs=0.000 rs=-0.103
BDI-lI p< .841 p< .002 p< .051 p< .999 p< .463
N=49 N=51 N=51 N=43 N=50
rs=-0.063 rs=0603 rs=0406 rs=-0.142 rs=0.061
SCL_90 - Global
p<.673 p< .000 p< .004 p<.378 p<.682
Severity Index
N=47 N=49 N=49 N=41 N=48
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so/Mobi = Isometry/Mobility, Horiz.KR = Horizontal Jaw Relation, Verti.KR = Vertical Jaw Relation

of a stress-related symptom profile. In the present study,
the stress-related profile refers to the multidimensional
pattern of cognitive, emotional, behavioral, and physi-
cal manifestations associated with stress exposure. It
thus captures how stress is subjectively experienced
and expressed at the individual level. Correlations were
observed most frequently for palpation-based criteria
(Table 4). Predominant abnormalities detected by palpa-
tion may indicate a rather mild or early manifestation of
TMD, in which functional limitations or structural find-
ings are not yet prominent. Administration of the TSST
confirmed successful subjective stress induction (Table 1).
Notably, significant associations between TMD crite-
ria and stress parameters were already evident at the

beginning of the TSST, suggesting an early coupling
between TMD features and stress reactivity. In contrast,
no significant between-group differences were found in
heart rate variability. This is plausible given the reduced
analyzable sample size and the resulting limited statistical
power, particularly for HRV outcomes. The group-spe-
cific RMSSD trajectories shown in Fig. 2 should there-
fore be interpreted cautiously, as participant numbers
fluctuated substantially across measurement time points
and technical issues occurred, including missing recov-
ery measurements (T4 and T5). Consequently, it remains
unclear whether potential group differences would
primarily relate to the acute stress response, recovery-
phase regulation, or both. (Table 5).
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Table 2 Students with TMD pain vs. students without TMD pain

Group Number Mean Std. dev. df T p

No pain N=31 49.436 8.5649

VAS 50 -2.791 0.007
pain N=21 57.798 13.092
PASA No pain N=22 3.472 0.604

first pain 38 -1.265 0.214
N=18 3.729 0.684

arousal

PASA No pain N=27 3.120 0.580

second pain 39 -0.806 0.425
N=18 3.268 0.504

arousal

No pain N=25 46.080 3.999

STAI 41 1.053 0.299
pain N=18 44722 4.403
No pain N=31 5.839 5.139

BDI 49 -1.959 0.056
pain N=20 9.300 7.498
No pain N=29 1.380 0.296

SCL total 47 -1.308 0.197
pain N=20 1.515 0.429
No pain N=31 16.290 2.648

PSS total 50 -1.1293 0.202
pain N=21 17.238 2.508

Table 3 Facial pain reported in the functional diagnostic

Do you have any discomfort or Pain Number Percent

tension ...

in/around your head No 36 69.2%
Yes 16 30.8%

at your temples No 41 77.4%
Yes 12 22.6%

in your ear/jaw No 41 77.4%
Yes 12 22.6

assessment based on the DGFDT protocol
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Table 4 Temporomandibular joint palpation findings reported in the functional diagnostic

Jaw joint palpation Quality Number Percent
Not noticeable 43 81.1%
Lateral left discomfort 8 15.1%
pain 2 3.8%
Not noticeable 46 86.8%
Lateral right discomfort 5 9.4%
pain 2 3.8%
Not noticeable 44 93.6%
Dorsal left discomfort 2 4.3%
pain 1 2.1%
Not noticeable 43 91.5%
Dorsal right discomfort 3 6.4%
pain 1 2.1%
assessment based on the DGFDT protocol
Strengths
of this study include a relatively homogeneous cohort
40 + with a narrow age range, a socially comparable sex distri-
bution, and standardized TMD assessment according to
the DGFDT criteria [1]. Data collection by a single exam-
8 iner likely reduced inter-examiner variability. In addition,
0 30 the TSST, an established psychosocial stress paradigm,
p - 0=nopain  was implemented in this population to examine TMD-
« \J 1= pain related stress responses under standardized conditions.
(B ' (Table 6).
20+

L]
N
“

Time

Fig.2 Changein stress levelsin healthy students and students with TMD pain
(TMD present), with 95% confidence intervals, plotted in relation to RMSSD

Limitations

primarily involve the high dropout rate and the resulting
lack of statistical power for several analyses, as well as
deviations from the standardized TSST protocol during
the recovery phase. For future studies, reducing partici-
pant burden by streamlining the psychometric assess-
ment battery and focusing TMD assessment on core
criteria may improve data completeness. With a larger
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Table 5 Spearman’s correlations between TSST-induced stress and TMD criteria
Occlusion Palpation Iso/Mobi Horiz. KR Verti. KR
rs= 0434 rs=-0.028 rs=-0.082 rs=-0.195 rs=-0.052
STAI p< .005 p<.068 p< .603 p< .256 p<.743
N=41 N=43 N=43 N=36 N=42
rs= 0.202 rs=0.360 rs=0.196 rs=0.034 rs=-0.243
PASA - primary
p<.218 p<.024 p<.231 p<.847 p<.136
appraisal
N=39 N=39 N=39 N=35 N=39
rs=-0.071 rs=-0.094 rs=-0.075 rs=0.009 rs=0.022
PASA -secondary
p< .664 p<.561 p<.643 p<.961 p<.893
appraisal
N=40 N=41 N=41 N=34 N=41
rs=-0.055 rs=0.310 rs=0.198 rs=0.060 rs=-0.241
PASA - stress
p<.7599 p<.090 p<.285 p<.767 p<.191
Index
N=31 N=31 N=31 N=27 N=31
Table 6 Fixed Effects parameter estimates
95% Confidence
Interval
Names Effect Estimate SE Lower Upper df t o]
(Intercept)  (Intercept) 27.077  1.302 24.526 29.63 516 20.798 <.001
Time1 1-0 -9.138 1.660 12392 -5.88 158.1 -5.505 <.001
Time2 2-0 -14.541 1.660 17.795 -11.29  158.1 -8.760 <.001
Time3 3-0 -14.759  1.660 18.012 -11.51 158.1 -8.891 <.001
Age Age 1.101 0.471 0.178 2.02 57.8 2.338 0.023
Pain1 1-0 0.008 2.676 -5.237 5.25 51.2 0.003 0.998
Timet = 1-0% 0503 3.320  -6.003 701 1582  0.152  0.880
Pain1 -0
Time2 s 2-0%1 3.089 3.320 -3.417 960 1582 0931 0.354
Pain1 -0
Time3 s 3 -0 3916 3320 2590 1042 1582  1.180  0.240
Pain1 -0
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fully analyzable sample, TMD subgroups (e.g., myofascial
pain vs. predominant temporomandibular joint involve-
ment) could be defined to examine differential stress-
reactivity patterns and to refine the clinical interpretation
of the findings.

Conclusion

For future research, it would be desirable to distin-
guish between methodological implications and clinical
relevance:

Methodological implications

In addition to HRYV, cortisol should also be assessed
and analyzed as a further physiological marker of stress
[29-31]. In laboratory studies, cortisol levels typically
increase particularly when stressors involve social-eval-
uative threat and (perceived) uncontrollability [32]. The
psychometric test battery should be reconsidered and
reduced in order to minimize participant burden. These
modifications may increase the likelihood of complete
data collection and improve the analyzable sample size.
With a larger sample, meaningful TMD subgroups (e.g.,
myofascial pain vs. temporomandibular joint disorders)
could be examined to determine whether stress reactivity
differs between clinical phenotypes.

Clinical relevance

Since stress is likely to increase during examination peri-
ods and mild TMD symptoms may progress in suscep-
tible students, preventive and supportive interventions
should be considered, such as targeted stress manage-
ment strategies (e.g., HRV biofeedback, progressive
muscle relaxation, breathing therapy, mindfulness-based
approaches, and yoga). Previous literature has described
associations between stress and myogenous TMD [33—
35]. Investigating these associations under standardized
conditions, as enabled by the TSST, would strengthen the
physiological interpretation. In addition, a longitudinal
design could capture temporal changes in TMD symp-
toms in relation to stress reactivity.

Overall, the aim should be to identify mild cases at an
early stage and to prevent progression to chronic con-
ditions through the implementation of stress-reducing
strategies.
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