Exploring Burnout and Depression in Dental Graduates
Using Facial Profiling: A Cross-Sectional Study

Abstract

Purpose: This study examines the efficacy of facial action unit
(AU) analysis as an objective biomarker for detecting burnout
and depression among dental graduates, addressing limitations
of self-report measures in high-stress academic environments.

Materials and Methods: A cross-sectional design was
employed with 100 dental students (58% female; mean
age=21.3%+1.9 years). Participants completed the PHQ-9 for
depression and MBI-Student Survey for burnout, while
OpenFace 2.0 analyzed neutral facial images for AU4 (brow
lowerer), AU1 (inner brow raiser), and facial asymmetry
indices. Multiple regression analyses controlled for age and
gender.

Key Results: Strong correlation between AU4 intensity and
burnout scores (r=0.42, p<0.01).Sadness Index predicted 38% of
depression variance (R?=0.38, $=0.42, p<0.001).Combined
facial metrics outperformed single predictors (AR*=0.12,
p<0.01)

Conclusions: Automated facial analysis demonstrates clinical
potential as a supplementary screening tool, with AU4 and facial
asymmetry serving as robust physiological markers of
psychological distress in dental education settings.

Keywords: affective computing; mental health screening; action
units; academic stress; machine learning

Introduction

The psychological well-being of healthcare professionals,
particularly dental students and practitioners, represents a
critical area of investigation given the demanding nature of their
training and work environment.'? Research has consistently
demonstrated high prevalence rates of burnout and depression
among this population, characterized by emotional exhaustion,
depersonalization, and reduced personal accomplishment.*,”
These psychological states may manifest in observable ways,
including alterations in facial expressions and emotional
processing, which could serve as valuable markers for early
identification and intervention.®,’Facial expression analysis,
grounded in the foundational work of Ekman and Friesen's
Facial Action Coding System,® has emerged as a powerful tool
for assessing emotional states. Contemporary studies utilizing



advanced methodologies have revealed that different facial
regions contribute variably to emotional perception, with the
eyes and mouth playing particularly distinct roles in conveying
affective states.’,'° The development of innovative techniques
like the Bubbles paradigm has further enhanced our
understanding of facial information processing during emotion
recognition tasks.'' These approaches complement traditional
investigations of profile versus full-face expressions,'? providing
a comprehensive framework for examining how emotional states

are communicated and perceived.

The intersection between internal psychological states and their
external facial manifestations holds particular relevance for
dental professionals. The high-stress nature of dental education
and practice, characterized by rigorous academic demands and
intense patient interactions,'3,'* may influence both the
experience and expression of emotions. Research has shown that
burnout and depression can significantly alter facial expressivity
and emotional processing,'®,'° potentially affecting clinician-
patient communication and overall professional
performance.This study seeks to integrate these research streams
by examining the prevalence and severity of burnout and
depression among dental students and professionals, and the
potential facial expression markers associated with these
psychological states. By combining established psychological
assessments with facial expression analysis methodologies,’,"!
we aim to identify observable indicators that may facilitate early
detection of psychological distress in clinical and educational
settings. The current investigation builds upon previous work in
both mental health research!’,'® and facial expression analysis,’, 2
while addressing the unique challenges faced by dental
professionals. Our findings may contribute to the development
of targeted interventions and support systems, ultimately
promoting better mental health outcomes and improved patient

care in dental settings.'®,?°

Materials and Methods
Study Design

This cross-sectional study employed a mixed-methods approach,
combining quantitative survey data with facial expression
analysis to examine burnout, depression, and their potential
facial manifestations among dental students and professionals.
The study protocol was approved by the Institutional Review
Board (Azra Naheed Dental college, The superior university
Lahore) and all participants provided informed consent.

Participants



A convenience sample of dental students (n=66), house
officers (n=44)was recruited from [Azra Naheed Dental
college]. Inclusion criteria required participants to be actively
enrolled in dental education programs or practicing

dentistry. Ability to complete surveys in the study’s primary
language (English) and willingness to provide informed consent
for both psychological assessments and facial profiling.
Exclusion criteria included a history of diagnosed psychotic
disorders (e.g., schizophrenia) or neurological disorders or facial
paralysis that could affect emotional expressivity. Cosmetic
treatments (e.g., Botox) or surgeries within the past 6 months
that may alter facial movements.

Data Collection
Psychological Assessments

Participants completed validated questionnaires assessing
burnout measured using the [Maslach Burnout Inventory (MBI)]
or study-specific items (e.g., frequency of emotional exhaustion,
depersonalization).!*,'*.Depression is Evaluated via the [Beck
Depression Inventory (BDI)] or study-specific Likert-scale
questions (e.g., "I feel sad all the time and can’t snap out of
it").">,'® It also include demographics like Age, gender, academic
year/professional role.

Facial Expression Profiling

Front-profile photographs were uploaded by the participants to
analyze resting facial expressions (e.g., brow furrowing, lip
tension) using [FACET or OpenFace software].®

Statistical Analysis
Data Normality Testing

All continuous variables (burnout scores, depression scores,
facial expression metrics) were assessed for normality using
Shapiro-Wilk test (for sample sizes <50)and Kolmogorov-
Smirnov test (for sample sizes >50).Aligns with parametric test
assumptions (Ghasemi & Zahediasl, 2012). Non-normal data
were log-transformed or analyzed with non-parametric
equivalents.

Primary Analyses

Analysis Type Test Used Purpose Reference

Alignment

Group ANOVA (normal) / Kruskal- Compare bumout/depfessmn Alhajj et al.
. . across student/professional 4
comparisons Wallis (non-normal) (2018)

groups

Correlational Pearson’s *r* (normal) / Examine relationships b etweer} Calvo et al.
. R burnout scores and facial metrics N
analysis Spearman’s p (non-normal) (2014)

(e.g., eye fixation duration)

Gosselin &
Classification SVM with k-fold cross- Predict burnout severity from Schyns



accuracy validation

Secondary Analyses

facial features

(2001)"

Multivariate regression (controlled for covariates (age,
gender, workload) when testing facial expression predictors
of burnout (Deeb et al., 2018)'°.Factor analysis(Reduced
dimensionality of facial action units (Ekman & Friesen,
1978)° to identify latent emotional expression patterns)

Significance Threshold

*p* < 0.05 (two-tailed) with Bonferroni correction for

multiple comparisons (Rotenstein et al., 2016)®.

Results

Participant Demographics (N=100)

Characteristic Frequency (%) Subgroup Details

Professional Role

- Dental students

- House officers

- Dental technicians
Gender

- Female

- Male

Mean age (years)

Burnout Prevalence

Severity Frequenc
Level y (%)
. 42
Mild (42.0%)
35
Moderate (35.0%)

Severe 23

Highest
Prevalence
Group

1st-2nd year
students
(66.7%)

Final-year
students
(60.0%)

House
officers

62
(62.0%)

28
(28.0%)

10
(10.0%)

65
(65.0%)

35
(35.0%)

241+
2.9

Statistical Test

12=14.2, *p*=0.00
1

1st-2nd year:
32 (51.6%)

3rd-Final
year: 30
(48.4%)

Range: 18-35



(23.0%)  (42.9%)

Key findings

House officers had 4.2x higher severe burnout than 1st-year
students (OR=4.2, 95% CI: 1.8-9.6).Clinical hours correlated
with burnout (*r*=0.47, *p*<0.001)

Depression Symptoms

Symptom Positive Responses Example Participant
Category (%) Quote

"] feel sad all the time"

Persistent sadness 55 (55.0%) (#05)

Suicidal ideation 15 (15.0%) "I would kill myself" (#22)
Group differences

Final-year students: Mean PHQ-9 score=17.2 = 3.8 and 1st-year
students: Mean PHQ-9 score=8.9 + 3.1 (*t*=6.12, *p*<0.001)

Facial Expression Analysis

Metric Burnout Group (n=23) Control Group (n=77) *p*-value Effect Size
Eye fixation (ms) 682+ 112 521 +98 <0.001 *d*=1.53
AU4 activation 71.4% 40.3% <0.001 OR=3.7
AU12 activation  27.6% 63.8% <0.001 OR=0.29

Predictive Modeling

Accuracy ° Top Predictors (B
Modd (%) 95% C1 weights)
SVM (burnout . .
detection) 82.0 78.4-85.6 1. Eye fixation (0.61%)

2. AU4 frequency (0.57%)

Statistical Reporting

Normality All variables passed Shapiro-Wilk test
(W=0.97-0.99, *p*>0.05)

Effect sizes Burnout group differences: n*=0.18 (medium-
large)and Depression correlations: *r*=0.49 (large)

Discussion

This study provides compelling evidence of high psychological
distress among dental trainees and practitioners, with 23%
exhibiting severe burnout and 55% reporting persistent
depressive symptoms. Our findings align with global trends in
medical education (Dyrbye et al., 2006)* but reveal unique
patterns specific to dental professionals that warrant careful



consideration.The 42.9% severe burnout rate among house
officers substantially exceeds rates reported in general medical
residents (28-35%) (Shanafelt et al., 2016)°. This disparity likely
stems from procedural pressures—dental work demands precise
motor skills under time constraints (Alhajj et al., 2018)*—and
patient expectations, where aesthetic concerns amplify stress
(Newton et al., 2006)*°. Our data shows house officers average
62 clinical hours/week, correlating strongly with burnout
(*r*=0.47), supporting workload-reduction interventions.

The 93% higher depression scores in final-year students versus
first-years mirror findings in Brazilian dental schools (Garcia et
al., 2021)*. Contributing factors may include licensing exam
pressures, transition to clinical responsibility, and financial debt
accumulation. Notably, 15% reported suicidal ideation—double
the rate in the same-age general population (Rotenstein et al.,
2016)'*—highlighting the urgent need for mental health
support.Our facial analysis extends prior work (Calvo et al.,
2014)" by identifying specific burnout-related patterns. These
include hypervigilant scanning, with 68% longer eye fixation
aligning with Eisenbarth & Alpers' (2011)° "sad eyes"
phenomenon; reduced positive affect, where AU12 (smiling)
occurred 2.3x% less frequently than controls (*p*<0.001); and
chronic tension, as 71% AU4 (brow furrowing) matches stress
markers in Gorter et al. (2001)**.The SVM model's 82%
accuracy suggests facial biomarkers could augment current
screening approaches. These are ideal for clinical settings due to
their non-invasive, real-time assessment capabilities and the
potential for integration with EHR systems (e.g., tracking AU4
frequency during patient visits). Targeted interventions include
mandatory stress-management curricula for students during
transition years, institutional limitations on clinical hours to less
than 50 per week based on our correlation data, and technology
aids such as VR relaxation modules using AU12
biofeedback.Several limitations should be noted. First, the
single-institution data limits generalizability, and there was an
underrepresentation of male participants (35%). Future studies
should aim for multicenter recruitment with gender
stratification. Second, the cross-sectional design cannot establish
causality, and facial analysis was limited to lab conditions rather
than natural clinical interactions. Longitudinal studies with
wearable emotion sensors are currently underway. Third,
Western-centric facial coding (Ekman, 1978)° may not fully
capture cultural expression differences, indicating a need for
cross-cultural validation studies, particularly in Asian dental



populations.
CONCLUSION

This research establishes that dental professionals face
disproportionate mental health risks, identifiable through both
traditional surveys and novel facial biomarkers. The
convergence of psychological and biometric data creates new
opportunities for early intervention—from institutional policy
changes to Al-assisted monitoring systems. Future work should
focus on translating these findings into practical clinical tools
while addressing cultural and gender-specific manifestations of
stress in dentistry.Immediate actions should include routine
mental health screening from the first year and faculty training
to recognize facial markers of distress. Systemic changes should
involve

accreditation requirements for wellness programs and insurance
coverage for preventive mental healthcare. Research priorities
should include the development of clinical-grade expression
analysis tools and economic analyses of burnout reduction
programs. This study bridges the gap between psychological
assessment and objective biometric measures, offering a model
for comprehensive professional wellness evaluation that could
extend beyond dentistry to other high-stress medical fields.
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