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Abstract: This study aimed to examine the frequency of temporomandibular disorder among biomed-
ical students and relate its occurrence to lifestyle habits. A cross-sectional collection of data was
carried out and included a total of 676 examinees through a questionnaire that had 73 questions:
general information and lifestyle habits, the Fonseca Anamnestic index (FAI), the Jaw Function Limi-
tation Scale (JFLS), and the Perceived Stress Questionnaire (PSQ). The statistical analyses between
three or more groups were conducted using the one-way analysis of variance (ANOVA) with post
hoc Scheffé test or Kruskal-Wallis test with post hoc Dunn’s test for quantitative variables. The
comparison of qualitative variables was conducted using the Chi-square test, while the correlations
were determined using Spearman’s correlation test. The analysis showed that a higher frequency
of moderate or severe TMD was observed in subjects who were smokers (p < 0.001) compared to
non-smokers. Subjects who consumed more coffee had moderate to severe TMD compared to subjects
who consumed a lesser amount (p < 0.001). Furthermore, a positive correlation between the amount
of stress and the severity of TMD was found. Our study implies that students of biomedical studies
have an increased risk for TMD and that there is a link with their lifestyle habits.

Keywords: temporomandibular disorder; biomedicine students; lifestyle habits; Fonseca anamnestic
index; jaw functional limitation scale; perceived stress questionnaire

1. Introduction

Temporomandibular disorders (TMDs) are a term that encompasses a wide spectrum
of symptoms that are triggered by abnormal conditions in the temporomandibular joint
(TM]), mastication muscles and all related structures [1,2]. There is high variability in
TMD prevalence in scientific studies; however, most of them report that 40-60% of the
general population has one or more TMD symptoms, while 25% are complaining of pain
in the temporomandibular area [3]. Furthermore, TMD is regarded as the second most
widespread musculoskeletal disorder that causes disability and pain with a major impact
on the patient’s quality of life [4,5]. Its etiology is considered multifactorial and significantly
related to genotype and phenotype; however, several risk factors predispose, precipitate, or
prolong TMD [6]. These are biological factors (e.g., sex hormones), age, endogenous opioid
function, anatomical genotype differences, trauma, occlusal changes, systemic illness,
parafunctions and psychosocial factors (e.g., exposure to stress, coping with pain, disasters,
and emotions) [7].

Symptoms and signs of TMD include limited and/or abnormal range of motion, click-
ing, popping, or crepitus in function with or without locking of the jaw, TMJ pain, jaw
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opening pain, orofacial pain, otalgia, tinnitus and headache [8]. Moreover, these symptoms
may overlap with other chronic pain disorders such as fibromyalgia, headaches and neu-
rological conditions [9,10]. TMD is usually diagnosed using clinical signs and symptom:s,
along with behavioral and psychosocial status [11,12]. Nowadays, the Diagnostic Criteria
for Temporomandibular Disorders (DC/TMDs) is the most broadly used and standardized
tool for the evaluation and classification of TMD [13]. DC/TMD categorizes TMD into three
groups: group I includes muscle disorders (including myofascial pain with and without
mouth opening limitations); group II includes disc displacement with or without reduction
and mouth opening limitations; and group Il incorporates arthralgia, arthritis, and arthro-
sis [14]. Treatment for TMD includes conservative treatments such as medications, physical
therapy, acupuncture, cognitive behavioral therapy, patient education, self-management
techniques, splints, and invasive treatments such as surgery [15-21].

Lifestyle habits and lifestyle choices have an undeniable impact on an individual’s
health. Sometimes even the smallest change in them can contribute to the development
of various disorders and diseases. In addition to the proven etiological factors for the
development of TMD, certain lifestyle habits can increase or worsen the symptoms of
TMD and have recently been a focus in research associated with chronic pain and TMD. A
study by Lei J. et al. showed a moderate to strong cross-age relationship between stress,
depression and anxiety and TMD. Also, in patients with painful TMD, a greater amount of
stress and reduced quality of life have been reported precisely because of the symptoms of
the disorder itself [22].

It is common knowledge that smoking is positively related to alcohol consumption
and that both have a negative effect on an individual’s health. In addition, smoking and
increased alcohol intake are correlated with an unhealthy lifestyle. There are just a few
studies linking alcohol consumption and smoking to TMD [23]. Some of the studies found
that smokers with TMD report higher pain severity than nonsmokers or that smoking could
be associated with a higher risk for TMD in young adulthood [24]. According to a study by
Miettinen et al., the prevalence of TMD symptoms is linked with an increased frequency of
alcohol consumption, and alcohol consumption once a week or more is often significantly
associated with TMD symptoms. In addition, smoking was shown to be significantly
associated with all TMD symptoms except TMJ clicking [25]. The direct effect of caffeine on
TMD is not sufficiently covered in the scientific literature and requires additional research
in this area, although it is well known that caffeine ingestion has an ergogenic effect that is
probably mediated through the binding of caffeine to adenosine receptors [26].

Hence, the primary aim of this study was to determine the prevalence of temporo-
mandibular joint disorder among biomedical students and whether there is an association
with lifestyle habits such as tobacco, alcohol, coffee and energy drink usage. Furthermore,
we wanted to evaluate is there a connection with the stress that students perceive.

2. Materials and Methods
2.1. Ethical Consideration and Study Design

This cross-sectional survey-based study was conducted at the University of Split
School of Medicine in July 2022. Students of all years of medicine, dental medicine, and
pharmacy studies at the University of Split School of Medicine were included.

The Ethics Committee of the University of Split School of Medicine approved the
protocol of this research (Class: 003-08/22-03/0003, Reg. no.: 2181-198-03-04-22-0045), and
it was conducted according to the Declaration of Helsinki. Finally, submitting all responses
in the Google Forms® survey application was considered informed consent, which was
emphasized to the participants.

The research inclusion criteria were students of biomedical studies in Split older than
18 years. The exclusion criteria were: previous TMD diagnosis by clinical examination;
congenital and acquired malformations of the mastication apparatus.
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This study included a total of 676 students in biomedical studies. The link for the online
Google Forms® survey was distributed using messages and by e-mail to representatives of
all study years of the faculty’s constituents. Participation was voluntary and anonymous.

2.2. Survey Questionnaire

The questionnaire consisted of 73 questions, divided into four parts. The first part of
the questionnaire obtained general information, such as gender, age, year and type of study
program. Information was also collected on certain lifestyle habits regarding smoking and
consumption of alcohol, coffee and energy drinks.

The second part was the Fonseca Anamnestic Index (FAI). It is a validated, reliable
tool that evaluates the existence of TMD and its severity based on the signs and symptoms
of the disorder [27]. It contains 10 items to which respondents answer with one of three
possibilities: yes (10 points), sometimes (5 points), or no (0 points). The final result is
obtained by adding up all answers and classifying them into one of four categories: no
TMD (0-15 points), mild TMD (20-45 points), moderate TMD (50-65 points), and severe
TMD (70-100 points). In addition, FAI use has been recommended for screening patients
with TMD in public health because of its simplicity.

The third part was the Jaw Function Limitation Scale (JFLS-20) [28]. The JFLS-20 is a
validated questionnaire that consists of twenty items and assesses limitations in jaw mobil-
ity, chewing and verbal and emotional expression. For each offered item, the respondents
had to mark the degree of limitation in performing a certain action during the last month
from 0 to 10.

The fourth and last part of the questionnaire was the Perceived Stress Questionnaire
(PSQ) [29]. It is a validated and reliable tool that consists of thirty items about stressful
situations, to which subjects answer about the frequency of them during the last month. This
questionnaire is used to assess stressful events that could affect the onset or worsening of
disease symptoms. Participants answer using a scale from 1 (“rarely”) to 4 (“usually”) about
how often they experience certain feelings related to stress. The total score is calculated by
summing all items (however, items 1,7, 10, 13, 17, 21, 25 and 29 are scored in the opposite
direction, from 4 points (“rarely”) to 1 point (“usually”)). The final PSQ index is calculated
by deducting 30 from the total score and dividing that by 90, giving an index between
0 and 1. The higher score is indicative of higher stress.

2.3. Statistical and Sample Size Analyses

The appropriate sample size was estimated using the online Surveymonkey® calcula-
tor. The population of biomedical students at the University of Split School of Medicine
that was eligible for this study was 909. Using the 95% confidence interval and a 5% margin
of error, it was estimated that the collected sample must consist of at least 271 biomedical
students. Since we included 676 students, with an even larger sample size, we have further
improved the power of this study.

Statistical analysis of the collected data was performed using the computer software
MedCalc (MedCalc version 20.114, Ostend, Belgium). All qualitative variables are presented
as whole numbers and percentages, while continuous quantitative variables are presented
as arithmetic mean + standard deviation and non-continuous as median (interquartile
range). The Kolmogorov-Smirnov test was used to estimate the normality of the distribu-
tion of quantitative variables. The comparison of qualitative variables between groups was
conducted using the Chi-square test. Comparison of continuous variables between three or
more groups was performed using one-way analysis of variance (ANOVA) with a post hoc
Scheffé test, while analysis of non-continuous variables was performed using the Kruskal—-
Wallis test with a post hoc Dunn’s test. The association between non-parametric variables
was determined using Spearman’s correlation test. The level of statistical significance was
set at a p-value < 0.05.
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3. Results

This study included 351 medical students, 148 dental medicine students, and
177 pharmacy students. In comparison to sociodemographic data, medical students had
the largest ratio of male students (25.1%), while pharmacy had the lowest (15.8%) (Table 1).
Furthermore, most medical students included were from the 2nd year (25.9%), most dental
medicine students were from the 6th year (20.4%), and most pharmacy students were from
the 3rd year (31.1%) (Table 1).

Table 1. Comparison of sociodemographic data and habits between different biomedical studies
(N =676).

Parameter Medicine Dental Medicine Pharmacy p
N =351 N =148 N =177
Male gender (N, %) 88 (25.1) 25 (16.9) 28 (15.8) 0.019 *
Age (years) 24+22 228+22 220419 0.059 *
Study year (N, %)
1st year 29 (8.3) 18 (12.2) 32 (18.1)
2nd year 91 (25.9) 13 (8.8) 27 (15.3)
3rd year 78 (22.2) 27 (18.2) 55 (31.1) .
4th year 45 (12.8) 25 (16.9) 25 (14.1) <0.001
5th year 55 (15.7) 20 (13.5) 38(21.5)
6th year 53 (15.1) 45 (20.4) /
Smoking (N, %) 65 (18.5) 36 (24.3) 42 (23.7) 0.216 *
Smoking period (years) 3.8+33 6.0£29 34+34 0.001 *P
Cigarettes/day 6.6 £7.6 102+ 5.7 65+77 0.026 *a
Alcohol consumption (N, %) 269 (76.6) 124 (83.8) 147 (83.1) 0.090 *
Alcohol consumption frequency
Several times a week 29 (10.8) 8 (6.5) 18 (12.2)
Once a week 87 (32.3) 52 (41.9) 42 (28.6) 0.139 *
Once a month 153 (56.9) 64 (51.6) 87 (59.2)
Coffee consumption (N, %) 275 (78.3) 108 (73.0) 131 (74.0) 0.334*
Coffee consumption period (years) 6.0 +28 6.8 £3.4 6.0 £3.1 0.040 e
Coffee cups/day 1.6+09 1.6+0.8 1.7+0.8 04701
ED consumption (N, %) 61 (17.4) 20 (13.5) 24 (13.6) 0.387 *
ED consumption frequency
Several times a week 8 (13.1) 0(0) 0(0)
Once a week 8(13.1) 3 (15.0) 4 (16.7) 0.527 *
Once a month 45 (73.8) 17 (85.0) 18 (75.0)

All data is presented as whole numbers (percentage) or mean + standard deviation. Abbreviations: ED—energy
drinks. * Chi-square. t One-way analysis of variance (ANOVA) with post hoc Scheffé test. * medicine vs. dental
medicine; p < 0.05. ® medicine vs. dental medicine; pharmacy vs. dental medicine; p < 0.05. ¢ dental medicine vs.
pharmacy; dental medicine vs. medicine; p < 0.05.

Regarding habits, in comparison between the three studies, there was a statistically
significant difference in the smoking period (p = 0.001) and the number of cigarettes
per day (p = 0.026). Dental medicine students showed the longest period of smoking
(10.2 £ 5.7 years), and there was a significant difference with the other two groups. Fur-
thermore, dental medicine students also showed a significantly higher period of coffee
consumption (6.8 £ 3.5) compared to the other two groups. There were no other significant
differences regarding lifestyle habits between the studies (Table 1).

The mean FAI score in the study sample was 28.9 £ 19.6 (Figure 1). The median PSQ
score in the study sample was 0.41 (0.32-0.57) (Figure 2).
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Figure 1. Histogram showing the distribution of FAI score in the whole study sample (N = 676). Red
line—distribution.
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Figure 2. Histogram showing the distribution of PSQ score in the whole study sample (N = 676). Red
line—distribution.

The study sample was divided depending on the FAI score into four TMD severity
groups (no TMD—FAI 0-15; minor TMD—FAI 20-45; medium TMD—FAI 45-65; and major
TMD—FAI 70-100). Regarding lifestyle habits, there was a statistically significant difference
(p = 0.014) in the ratio of smokers, as the major TMD group had the largest number (39.4%)
(Table 2). Furthermore, both the major TMD group and the medium TMD group had the
statistically longest smoking period, which was significantly higher (p < 0.001) compared
to the other two groups (Table 2). Additionally, major TMD and medium TMD groups
consumed the highest number of coffee cups per day, with a significant difference from
the other two groups (Table 2). However, there were no significant differences regarding
alcohol and energy drink consumption between the four groups (Table 2).
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Table 2. Comparison of sociodemographic data and habits between different stages of TMD depend-
ing on the FAI score (N = 676).

No TMD Minor TMD Medium TMD Severe TMD
Parameter FAI 0-15 FAI 2045 FAI 50-65 FAI 70-100 p
N =245 N =303 N=95 N=33
Male gender (N, %) 60 (24.5) 61 (20.1) 12 (12.6) 8(24.2) 0.103 *
Age (years) 220420 225+21 226+21 221+21 0.0211
Study
Medicine 132 (53.9) 152 (50.2) 51 (53.7) 16 (48.5)
Dental medicine 46 (18.8) 71 (23.4) 24 (25.3) 7 (21.2) 0.716 *
Pharmacy 67 (27.3) 80 (26.4) 20 (21.1) 10 (30.3)
Smoking (N, %) 50 (20.4) 63 (20.8) 27 (28.4) 13 (39.4) 0.014 *
Smoking period 44422 55+26 87+27 87 +21 <0.001 t2
Cigarettes/day 6.8+7.6 78+71 82+79 79 +8.1 0.897 1
Alcohol consumption (N, %) 196 (80.0) 245 (80.8) 76 (80.0) 23 (69.6) 0.207 *
Alcohol consumption frequency
Several times a week 25 (12.8) 23 (9.4) 5 (6.6) 2 (8.7)
Once a week 74 (37.8) 72 (29.4) 26 (34.2) 9(39.1) 0.251*
Once a month 97 (49.5) 150 (61.2) 45 (59.2) 12 (52.2)
Coffee consumption (N, %) 189 (77.1) 231 (76.2) 69 (72.6) 25 (75.8) 0.945 *
Coffee consumption period 57 +£3.0 62+29 6.5 +3.1 6.5+34 0.088
Coffee cups/day 1.5+0.7 1.7+£038 1.9+12 24+17 <0.001 *b
ED consumption (N, %) 45 (18.3) 44 (14.5) 10 (10.5) 6 (18.1) 0.766 *
ED consumption frequency
Several times a week 3(6.7) 5(11.4) 1(10.0) 1 (16.7)
Once a week 7 (15.6) 5(11.4) 2 (20.0) 1(16.7) 0.954 *
Once a month 35 (77.8) 34 (77.3) 7 (70.0) 4 (66.6)

All data is presented as whole numbers (percentage) or mean + standard deviation. Abbreviations: TMD—
temporomandibular disorder; FAI—Fonseca anamnestic index; ED—energy drink. * Chi-square test. + One-way
analysis of variance (ANOVA) with post hoc Scheffé test.  no TMD vs. medium TMD; no TMD vs. severe TMD;

minor TMD vs. medium TMD; minor TMD vs. severe TMD; p < 0.05. b no TMD vs. medium TMD; no TMD vs.
severe TMD; minor TMD vs. severe TMD; p < 0.05.

In the comparison of the JFLS score between the TMD severity groups depending on
the FAI score, there was a significant difference between all groups in the total JFLS score
(p < 0.001) (Table 3). Moreover, there was a significant difference regarding the all three
subdimensions of the JFLS questionnaire (p < 0.001) (Table 3).

Table 3. Comparison of the JFLS score between TMD severities depending on the FAI score.

No TMD Minor TMD Medium TMD Severe TMD
Parameter FAI 0-15 FAI 20-45 FAI 50-65 FAI 70-100 p
N =245 N =303 N=95 N =33
Total JFLS score 1(0-5) 5(1-12) 10 (3-27) 13 (3-27) <0.001 *
Mastication 0(0-2) 2 (0-5) 5(1-7) 6 (1-8) <0.001 *
Mobility 0(0-2) 0 (0-4) 3 (0-6) 5 (1-8) <0.001 *
Verbal and non-verbal communication 0 (0-3) 1(0-3) 4 (0-10) 5(2-12) <0.001 *

All data is presented as the median (interquartile range). Abbreviations: JFLS—jaw functional limitation scale;
TMD—temporomandibular disorder; FAlI—Fonseca anamnestic index. * Kruskal-Wallis test with post hoc
Dunn’s test.

There was a significant difference (p < 0.001) in the comparison of the PSQ score
between the groups of TMD severity depending on the FAI score (Figure 3). Medium and
severe TMD had significantly higher PSQ scores, and a significant difference was found
with the minor TMD and no TMD groups (no TMD—0.39 (0.30-0.51); minor TMD—0.41
(0.33-0.52); medium TMD—0.53 (0.40-0.66); and major TMD—0.56 (0.41-0.70)) (Figure 3).
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Figure 3. Comparison of PSQ scores between TMD severity groups depending on the FAI score.
Abbreviations: TMD—temporomandibular disorder; PSQ—perceived stress questionnaire; FAI—
Fonseca anamnestic index. * Kruskal-Wallis test with post hoc Dunn’s test. a vs. c/a vs. d/b vs. ¢/b
vs.d =p <0.05.

Furthermore, there was a significant positive correlation between the PSQ score and
the FAI score (r = 0.353; p < 0.001) (Figure 4).
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Figure 4. Correlation between PSQ score i FAI score (N = 676). Abbreviations: PSQ—perceived stress
questionnaire; FAI—Fonseca anamnestic index. * Spearman’s correlation.

Furthermore, multivariable logistic regression showed that smoking (OR 0.564, 95% CI
0.306-1.040, p = 0.046), coffee consumption (OR 0.548, 95% CI 0.310-0.969, p = 0.038), PSQ
score (OR 0.062, 95% CI0.014-0.282, p < 0.001), and JFLS score (OR 0.923, 95% CI 0.891-0.957,
p < 0.001) were significant negative predictors of not having TMD when computed along
with baseline characteristics (Table 4).
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Table 4. Multivariable logistic regression of independent factors predicting no TMD status.

Parametar OR 95% CI 4
Age 0.901 0.805 to 1.010 0.073
Male gender 0.835 0.462 to 1.511 0.552
Smoking 0.564 0.306 to 1.040 0.046
Alcohol 1.597 0.841 to 3.035 0.152
Coffee 0.548 0.310 to 0.969 0.038
PSQ score 0.062 0.014 to 0.282 <0.001
JELS score 0.923 0.891 to 0.957 <0.001

Abbreviations: TMD—temporomandibular disorder; OR—odds ratio; CI—confidence interval; PSQ—perceived
stress questionnaire; JFLS—jaw functional limitation scale.

4. Discussion

This research indicates the connection between lifestyle habits and TMD in the popu-
lation of students of medicine, dental medicine, and pharmacy at the Faculty of Medicine,
University of Split. Namely, students who declared themselves smokers more often had
moderate or severe TMD categories compared to nonsmokers. However, there was no
difference in the number of cigarettes smoked per day. The most important factor was the
length of the smoking experience, so those who were long-term smokers had more severe
forms of TMD.

Furthermore, in the case of coffee consumption, there was no association between
the occurrence of TMD and whether coffee was consumed or not, or even for how long.
However, more serious forms of TMD are often observed in students who consume more
cups of coffee daily. So those who drink more coffee have a higher frequency of severe and
medium forms of TMD.

It is also interesting that severe TMD was more common in medical and dental
students compared to pharmacy students. In general, most students rarely use energy
drinks. Alcohol consumption, although not generally recommended for patients with TMD,
according to the results of this study, was not a predictor of the occurrence of TMD or of
more severe forms of the disorder itself in affected students.

Previous research on the relationship between TMD and lifestyle habits in the student
population, as well as other adolescent populations, is still inconclusive regarding the
relationship between the severity of these disorders and lifestyle habits such as smoking or
consumption of alcohol and coffee [25,30,31]. Smoking was associated with more severe
forms of TMD and higher levels of stress in medical students, according to a study by
Benoliel et al. [31]. Moreover, smoking and an increased frequency of alcohol consumption
were associated with TMD symptoms among young Finnish adults [25]. Future research on
the influence of lifestyle habits on TMD could include other characteristics, such as physical
activity, marital status, and the presence of other diseases associated with the frequency of
TMD, such as rheumatoid arthritis.

The results of this study also showed an association between the severity of TMD and
the perception of stress in a population of medical, dental, and pharmacy students. Similar
results were found in a study by Medeiros and colleagues, where a high frequency of TMD
and symptoms of anxiety and depression were observed in the student population [32].
However, the mentioned research was conducted at the beginning of the pandemic and
during the quarantine; therefore, there is a possibility that the results found were influenced
by new stressors (the newly created situation) in the student population [33]. Similar results
were found in the study by Vladut and colleagues, where only students of medicine, dental
medicine, and pharmacy were included. However, this research was also conducted during
the beginning of the pandemic, that is, before the advent of the vaccine, and these are all
possible factors that had an impact on the occurrence of stress in the student population.

Numerous studies have already indicated a cause-and-effect relationship between
parafunctional habits and TMD. Therefore, it is of great importance to mention bruxism
in addition to stress, considering that they are often connected and jointly affect the de-
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velopment and worsening of TMD symptoms [34]. In addition to stress, the results of the
research by Bertazzo et al. suggest an association between bruxism and the consumption of
alcohol, tobacco products, and coffee; however, there is still a need for stronger evidence
based on research with greater methodological rigor [35].

Impaired mobility of the jaws, difficulties in mastication, and verbal and non-verbal
communication are some of the symptoms of TMD [36,37]. The results of this research
were in line with that. Namely, the subjects classified in the medium and severe TMD
categories reported difficulties in performing the previously mentioned actions. What is
interesting is that subjects classified in the medium TMD category according to the FAI
reported slightly more significant disturbances in jaw mobility, while those with severe
TMD reported notable difficulties with verbal and non-verbal communication.

It is important to emphasize that this research has certain limitations despite the
large number of respondents. Considering that this study is of a cross-sectional design,
it is not possible to draw any causal conclusions, and it is also not possible to exclude
all confounding factors that could affect the interpretation of the results. A self-reported
questionnaire assessment needs to be complemented by a clinical examination in order
to form a valid diagnosis [38]. Hence, there are some symptoms that do not undoubtedly
represent TMD but can act like TMD symptoms, like dental pain, otological pathologies,
headaches from other causes, or some neuropathic conditions. However, FAl is a reliable
and sensitive tool that, according to the literature, is well-used for epidemiological studies
of TMD [39,40]. Furthermore, only students of the Faculty of Medicine of the University of
Split were included in the research, and future research should also include faculties in the
field of biomedicine from other universities. Then, given that the students were asked about
their lifestyle habits, there is a possibility that they gave more socially acceptable answers
or that the recollection of their own habits could be a confounding factor in this research.

5. Conclusions

In conclusion, the results of this research, as well as previous ones, confirm that in
the population of medical, dental medicine, and pharmacy students, there is a certain
proportion of students who have some form of TMD, and it is necessary to educate students
during their formal education about the importance of timely diagnosis and the adoption
of healthy oral and other lifestyle habits. Smoking, consumption of alcohol and coffee, i.e.,
caffeinated beverages, are risk factors for TMD that students and the general population
can influence.
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