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Abstract

Objective: The relationship between cigarette smoking and temporomandibular joint disorders (TMJDs) is not fully
clarified. This study compared TMJD symptoms, mandibular functional impairment, and mouth-opening range
between smokers and non-smokers among university students.

Methods: In this comparative cross-sectional study, 132 university students (66 smokers, 66 non-smokers; ages 18-30)
were assessed. TMJD symptoms were measured with the Fonseca Anamnestic Index, mandibular function with the
Mandibular Function Impairment Questionnaire (MFIQ), and maximum mouth opening with a bicondylar caliper. Data
were analyzed using Mann-Whitney U tests; significance was set at p < 0.05.

Results: Smokers reported higher mean Fonseca scores than non-smokers (p < 0.05) and greater impairment on the
MFIQ functional-capacity (p < 0.05), nutrition (p < 0.05) and total MFIQ (p < 0.05) scores. No significant difference was
observed in maximum mouth opening (p > 0.05). TMJD severity categories showed higher proportions of moderate
and severe TMJD among smokers (p < 0.05).

Conclusions: Cigarette smoking was associated with increased TMJD symptom burden and functional impairment but
not with reduced maximal mouth opening. Clinicians should consider smoking status during TMJD assessment and
management. Longitudinal studies with objective tobacco exposure measures and imaging/functional diagnostics are
needed to establish causality and dose-response effects.
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Temporomandibular joint disorders (TMJDs) comprise
a broad spectrum of musculoskeletal and neuromuscu-
lar conditions affecting the temporomandibular joint
(TMJ), the masticatory structures, or both. TMJD is rec-
ognized as a major health problem, affecting approxi-
mately 31% of adults and the elderly, and 11% of chil-
dren and adolescents [1]. TMJ dysfunction represents
a multidimensional orofacial problem characterized by
pain originating from the tissues surrounding the joint,
disruption of optimal occlusion, and functional impair-
ment of the joint [2]. This condition is complex, leading
to orofacial pain, limitation of joint movement, clicking
and crepitus sounds during joint motion, and distur-
bances in craniocervical posture and postural stability

[3].

Disorders associated with the TMJ are generally di-
vided into two subgroups: those of articular origin,
where the signs and symptoms are related to the TMJ
itself, and those of muscular origin, where the signs
and symptoms are associated with the stomatognathic
muscle system [4]. One of the most significantissues af-
fectingindividuals with TMJD is myalgia in the orofacial
muscles. Two main triggering factors for myalgia ob-
served in TMJDs include the formation of symptomatic
myofascial trigger points and parafunctional habits,
such as smoking [5].

In patients with TMDs, smoking is significant not only
due to the direct harmful effects of cigarette smoke,
but also because it may be associated with other TMJD
risk factors, such as perceived stress, anxiety, and de-
pression [6, 7]. There is evidence in the literature indi-
cating that smoking can cause orofacial and TMJ pain,
and that pain complaints may precede the onset of
dysfunction [8]. It has also been observed that pain
affects younger individuals at a higher rate than older
individuals [7]. In TMJD research, smoking should be
considered not only for its potential causal role, but
also for its influence on other TMJD risk factors, such
as perceived stress, anxiety, and lifestyle habits [9, 10].
Recent evidence from a cross-sectional study involving
909 university students demonstrated a higher preva-
lence of nicotine dependence among individuals with
TMD, with nicotine dependence scores showing a weak
but significant positive correlation with TMD symptom
severity [11]. Furthermore, a Mendelian randomization
analysis identified a significant association between
daily cigarette consumption and TMD risk, suggesting
that smoking may be a relevant factor in the multifac-
torial etiology of TMD [12].

Smoking has been shown to trigger systemic inflamma-
tion by inhibiting anti-inflammatory cytokines and pro-

71

ISSN: 2472-3878 | Vol 11 | Issue 2 | 2026

moting the production of pro-inflammatory cytokines.
Evidence suggests that smoking affects the severity of
chronic pain at the molecular level through systemic
inflammation [13]. In particular, nicotine inhaled from
cigarette smoke can trigger inflammatory processes,
alter pain perception and threshold, and thereby con-
tribute to pain associated with TMJDs [14]. Attention
has focused on the hypothesis that cigarette smoking
may trigger bruxism, which in turn could impose ad-
ditional stress on the temporomandibular joint [7, 15].
Moreover, cigarette smoking has been shown to ad-
versely affect the nutrition of the TMJ disc. Nicotine
and other toxic substances in cigarette smoke induce
vasoconstriction and impair microcirculation, thereby
reducing the supply of essential nutrients and oxygen
to the avascular regions of the TMJ disc. This compro-
mised nutrition may contribute to disc degeneration
and reduced healing capacity [16, 17].

In summary, cigarette smoking has been shown to ex-
ert detrimental effects on pain perception and intensity
by inducing inflammatory responses. Furthermore, it
has been observed that,amongindividuals who smoke,
parafunctional habits such as bruxism may contribute
to the development of myofascial trigger points in the
orofacial muscles. Nevertheless, the effects of cigarette
smoking on TMJDs have not yet been fully elucidated.2.
Methods

Study design and subjects

This comparative cross-sectional study was conducted
to compare TMJD, mandibular dysfunction and mouth
opening in tobacco using university students aged 18-
30 years with non-tobacco using students. The study
was conducted in compliance with the principles out-
lined in the Declaration of Helsinki. All participants
received detailed information regarding the study pro-
cedures and provided written informed consent prior
to participation. Ethical approval was obtained from
the Scientific Research and Publication Ethics Commit-
tee of Cyprus International University (Approval No:
020-11944; Date: 20.11.2022).

The study included 132 students aged over 18 years
from Cyprus International University who fulfilled the
eligibility criteria and provided voluntary consent to
participate. Participants were divided into two groups
based on their tobacco use: tobacco users (n = 66) and
non-users (n = 66). Participation was voluntary. Ver-
bal and written information about the purpose and
assessment procedures of the study was provided, and
informed consent was obtained. The study was con-
ducted in the research laboratory of the Department
of Physiotherapy and Rehabilitation at the Faculty of
Health Sciences, Cyprus International University.
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Individuals with history of injury to the upper extrem-
ity, head-neck, or jaw region and use of analgesics,
anti-inflammatory drugs, muscle relaxants, antidepres-
sants, etc., for TMJD treatment within the past year,
presence of chronic diseases such as hypertension, di-
abetes mellitus, or cancer were excluded. Additionally,
participants who had smoked regularly for at least 1
year were included in the smoker group

Sample size

The minimum sample size for this study was calculated
using G*Power 3.1.9.2 software, based on an effect size
of 0.5 as determined from previous study demonstrat-
ing clinically significant change [15]. For a statistical
power of 80% (1-3), the required sample size was cal-
culated to be 128 participants. Allowing for a potential
10% attrition rate, the target number of participants
was set at 140. Of the 204 individuals screened, the
study was ultimately completed with 132 participants
who met the inclusion criteria.

Data collection and outcome measures
Demographic and physical characteristics of the par-
ticipants, detailed information about tobacco use, and
the parameters evaluated within the scope of the study
were recorded using a standardized evaluation form.
Temporomandibular joint dysfunction was assessed
with the Fonseca Questionnaire, mandibular function
impairment was assessed with the Mandibular Dysfunc-
tion Questionnaire, and mouth opening was assessed
with the mandibular depression movement.

Temporomandibular joint disorders (TMJDs)

In the study, the Fonseca Questionnaire, which has
proven validity and reliability, was used to assess TMJD
[18]. The Fonseca Questionnaire is a measurement
tool consisting of a total of 10 questions that allows
individuals to subjectively evaluate TMJD symptoms.
The questions cover TMJD-related parameters such as
the presence of pain in the temporomandibular joint,
head and neck region, pain during masticatory muscle
activity, parafunctional habits, limitation in range of
motion, occlusal disorders and emotional stress levels.

Participants responded to each item using three
response options: "Yes" (10 points), "Sometimes" (5
points), and "No" (0 points). The overall questionnaire
score was then used to categorize the severity of TMJD.
Accordingly, 0-15 points are considered as no TMJD,
20-40 points as mild TMJD, 45-65 points as moderate
TMJD and 70-100 points as severe TMJD.

The validity and reliability study of the Turkish version
of the Fonseca Questionnaire was conducted by Kay-
nak et al. and the Intraclass Correlation Coefficient
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(ICC) values were reported between 0.73 and 0.89 [19].
These findings support the usability of the Turkish ver-
sion of the questionnaire in clinical and research con-
texts.

Mandibular function impairment questionnaire

(MFIQ)

The mandibular function impairment questionnaire
(MFIQ) was developed to assess the level of impair-
ment in jaw function in individuals with TMJD. The
questionnaire consists of a total of 17 questions mea-
suring the difficulty in performing certain jaw functions,
each of which is scored between 0 and 4. The scoring
system is as follows: 0=no difficulty, 1=very little dif-
ficulty, 2=quite difficult, 3=very difficult, 4=very diffi-
cult or impossible without assistance. The question-
naire consists of two sub-dimensions: The first 11items
cover the "functional capacity" dimension, which mea-
sures the individual's capacity to fulfil jaw functions in
daily life; the remaining 6 items cover the "nutrition" di-
mension, which assesses functional limitations related
to nutrition. As the total score obtained from the ques-
tionnaire increases, the severity of the impairment in
jaw function also increases. The validity and reliability
of the Turkish version of the MFIQ have been evaluated,
demonstrating high validity and reliability (ICC > 0.90)
in assessing functional disorders related to TMJD [20].

Measurement of mandibular depression range of mo-
tion

In this study, maximum mouth opening (MMO) was
assessed through measurement of the mandibular de-
pression movement. Participants were instructed to
open their mouths as widely as possible, and the ver-
tical distance between the incisal edges of the upper
and lower central incisors was measured to determine
the degree of mouth opening. Measurements were
obtained using a bicondylar caliper (Holtain Ltd., UK),
a device known for its high precision and accuracy.
The results were recorded in centimetres (cm). For
each participant, two consecutive measurements were
taken, and the arithmetic mean of these values was
used for subsequent analysis. This method has been
validated in prior studies assessing TMJ function and
mouth opening capacity [21, 22].

Statistical analysis

IBM Statistical Package for Social Sciences (SPSS) ver-
sion 27.0 was utilised to analyse the data collected
from smokers and non-smokers. The Shapiro-Wilk test
was employed to assess the normality of the data for
TMJD, mandibular function, and mandibular depres-
sion range of motion (ROM) parameters prior to group
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comparisons. The results indicated that the data were
not normally distributed. Therefore, the Mann-Whitney
U test, a non-parametric statistical method, was ap-
plied to compare the groups. The significance level
was set at p < 0.05.

A total of 204 individuals were assessed for eligibility,
of whom 132 fulfilled the inclusion criteria and were
enrolled in the study. The present study was completed
with a total of 132 individuals, 66 in the smokers and
66 in the non-smokers group (Figure 1).

September 2022 — October 2022

Preparation of Study Plan and Ethics
Committee Approval

!

November 2022-February 2023

Screened (n=204)

'
! '
| -Does not meet the inclusion criteria (n=59) E
i
| -Declined to participate (n=13) :
I

| Signed Informed Consent (n=132) ‘

!

Non-Smokers
n=66

i

!

Smokers
n=66

.

April 2023

Analysed n=132

Figure 1. Flow chart of the individuals included in the study

Figure 1. Flow chart of the individuals included in the
study

The results of the Mann-Whitney U test conducted
to compare age and anthropometric measurements
between the groups are presented in Table 1. No
statistically significant differences were observed in
age, body weight, height, or body mass index (BMI)
between smokers and non-smokers (p > 0.05). In the
smokers group, the average duration of smoking was
6.18-+2.87 years, and the mean cigarette consumption
was 18.06+8.77 cigarettes per day.

*Mann Whitney U test, *p < 0.05, BMI: Body mass index

Table 2 presents the comparison of demographic
and clinical characteristics between smokers and
non-smokers. There were no statistically significant
differences between the groups in terms of gender dis-
tribution, parafunctional habits, presence of chronic
disease, or medication use (p > 0.05). However, a
significant difference was observed in the dominant
chewing side, with a higher proportion of smokers
chewing predominantly on the right side, while

73

ISSN: 2472-3878 | Vol 11 | Issue 2 | 2026

non-smokers more frequently chewed on the left (p
< 0.001). Additionally, exposure to passive smoking
was significantly more common among smokers, with
75.8% reporting very frequent exposure compared to
30.3% of non-smokers (p < 0.001).

x?2: Chi-squared test, **p < 0.001

The results of the Mann-Whitney U test comparing
smokers and non-smokers are presented in Table 3.
Smokers had significantly higher Fonseca scores,
indicating greater levels of TMJD, compared to
non-smokers (p =0.021, r = —0.20). Similarly, smokers
demonstrated significantly higher scores in the
functional capacity and nutrition subscales of the
MFIQ, as well as in the total MFIQ score (p < 0.05,
r = —0.21). No significant difference was observed
between the groups in mandibular depression ROM (p
=0.654,r = —0.04).

*Mann Whitney U test. *p < 0.05, r: Effect size, ROM: Range of
motion, MFIQ: Mandibular function impairment questionnaire

The distribution of TMJD severity according to Fonseca
categories between smokers and non-smokers is pre-
sented in Figure 2. According to the chi-square analy-
sis (x? =7.106, p = 0.012), there was a statistically sig-
nificant difference in the prevalence of TMJD severity
between the two groups. Specifically, a higher propor-
tion of non-smokers were classified as having no TMJD
(31.9%) and mild TMJD (54.5%) compared to smokers
(21.2% and 47%, respectively). In contrast, moderate
and severe TMJD were more prevalent among smok-
ers (24.2% and 7.6%, respectively) than non-smokers
(12.1% and 1.5%, respectively).

Fonseca Category

*=7.106
p=0.012*

Severe TMID

No TMID Mild TMJID Moderate TMID

sSmokers @ Non-smokers

Figure 2. Distribution of TMJD severity according to
Fonseca categories between smokers and
non-smokers



Public Health | NAAS Rating (2026): 5.00

ISSN: 2472-3878 | Vol 11 | Issue 2 | 2026

Table 1. Comparison of Participants’ Age, Anthropometric Measurements, and Smoking Status

Group n| X+SD |Median(Min-Max)| p®
Smok 66| 21.97+2.69 21(18-30
Average age (years) mokers ( ) 0.717
Non-smokers |66 | 21.59+2.14 22 (18-27)
. Smok 66 |69.95+12.92 68.50 (46-95
Body weight (kg) MoKers ( ) 0.899
Non-smokers | 66 | 70.47+15.41 67 (47-117)
. Smok 66| 1.73+0.09 1.75(1.52-1.92
Height (m) Mokers ( ) 10,194
Non-smokers| 66| 1.72+0.09 1.70 (1.55-1.95)
k 23.25+3. 23.13 (16.5-33.
BMI (kg/m?) Smokers 66| 23.254+3.69 3.13(16.5-33.9) 0.706
Non-smokers |66 | 23.864+4.40 | 22.59 (17.3-34.1)
. . Smok 66| 6.18+2.87 6(1-13
Duration of Smoking (years) Mokers ( ) -
Non-smokers | 66 - -
. . . Smok 66| 18.06+8.77 20 (2-40
Cigarette Consumption (per day/pieces) MoKers ( ) -
Non-smokers | 66 - -
Table 2. Comparison of Demographic and Clinical Characteristics Between Smokers and Non-Smokers
Smokers | Non-smokers 2
X p
n| % |n ‘ %
Gender
F [ 28| 42.4 |34 51.5
emate 1.095 | 0.192
Male 38| 57.6 |32 48.5
Dominant Chewing Side
Righ 1| 773 |21 1.
leht o1 773 318 157500 <0.001%*
Left 15| 22.7 |45 68.2
Parafunctional Habits
None 251379 |30 45.5
Bruxism 20| 30.3 |14 21.2
Lip biting 71106 |9 13.6 2.832 0.586
Nail biting 71064 6.1
2 habits 71106 |9 13.6
Chronic Disease
Y 11| 16.7 | 7 10.
e 6 06 |1020| 0224
No 55| 83.3 |59 89.4
Medication
Yes 12| 18.2 |10 15.2 0218 0.816
No 541 81.8 |56 84.8
Smoking
Yes 66| 100 | O 0
No 0 0 |66 100
Exposure to Passive Smoking
Very Frequently 50| 75.8 |20 30.3
Occasionally 16| 24.2 |10 15.2 30.549 | <0.001**
Rarely 0| 0 |36 54.5

In the present study we compared TMJD severity,
mandibular functional impairment, and mouth-
opening parameters between smoking and non-
smoking university students. Smokers demonstrated
significantly higher Fonseca scores and greater
mandibular function impairment compared with
non-smokers, while no significant differences were

observed in mouth-opening measurements between
the two groups. Furthermore, TMJD severity was more
pronounced among smokers. These findings indicate
that cigarette smoking may be associated with an
increased frequency and severity of TMJD symptoms.
Clinically, smoking status should be considered when
evaluating and managing patients with TMJD, and
further longitudinal research is warranted to clarify
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Table 3. Comparison of Temporomandibular Disorder Symptoms, Mandibular Functional Impairment, and
Mouth-Opening Range of Motion Between Smokers and Non-Smokers

Group n X+ SD Median (Min-Max) | r pt
Fonseca score Smokers 66 |33.41+£19.28 30 (0-80) 020 0.021*
Non-smokers | 66 | 25.76+16.88 25 (0-75)
. . Smokers 66| 3.88+0.81 3.67 (2.5-6.2
Mandibular Depression ROM (cm) ( ) —0.04| 0.654
Non-smokers | 66| 3.77+0.71 3.72 (2.3-5.5)
. . Smok 66| 0.59+1.30 0(0-5
Functional Capacity (MFIQ subscale) MoKers (0-5) —0.21/0.017*
Non-smokers | 66| 0.154-0.64 0 (0-4)
.. Smok 66| 0.47+1.01 0(0-4
Nutrition (MFIQ subscale) MoKers (0-4) —0.21|0.018*
Non-smokers |66 | 0.12+0.51 0 (0-3)
Smok 66| 1.06+2.29 0(0-8
MFIQ Total Score MOoKers (0-8) —0.21|0.017*
Non-smokers| 66| 0.27+1.14 0 (0-7)

causality and underlying mechanisms.

Several biological mechanisms have been proposed by
which cigarette smoking may contribute to the devel-
opment of TMJD. Nicotine and other toxic constituents
of tobacco can potentiate inflammation by stimulating
the release of proinflammatory cytokines, which may
lower pain thresholds and predispose individuals to
chronic pain. In addition, smoking-induced vasocon-
striction can compromise the microcirculation and nu-
trition of the temporomandibular joint disc, leading to
degenerative changes. At the psychosocial level, higher
rates of stress, anxiety, and parafunctional habits such
as bruxism observed among smokers have been re-
ported in the literature as additional factors that may
increase TMJD risk [5, 23, 24, 25]. A recent scoping re-
view of longitudinal cohort studies further highlighted
that psychosocial distress, sleep disturbances, para-
functional behaviors, and co-occurring pain conditions
are associated with TMD onset and persistence, rein-
forcing the multifactorial and biopsychosocial nature
of these disorders [26]. In the present study, smok-
ers exhibited significantly higher Fonseca scores and
greater mandibular functional impairment than non-
smokers. These findings are consistent with previous
research suggesting that smoking may increase the risk
of TMJD [5, 6, 7, 13, 15]. Sanders et al. (2012) observed
a significantly elevated risk of TMJD associated with
cigarette smoking in young adults, indicating excess
odds of disorder onset among smokers [7]. A recent
systematic review and meta-analysis by Shetty et al.
(2025) demonstrated that tobacco smoking was associ-
ated with higher TMD-related pain intensity, although
substantial heterogeneity was observed across the in-
cluded studies [15]. More recently, a population-based
study involving 7,103 individuals reported that smok-
ing initiation before the age of 15 was associated with a
higher prevalence of TMD symptoms laterin life, further
supporting the potential relevance of smoking history
in TMD assessment [27]. However, some studies found
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no significant differences in TMJD symptoms between
smokers and non-smokers [15, 28]. Nonetheless, find-
ings across studies remain contradictory, underscoring
the need for further longitudinal, well-controlled re-
search to clarify causality.

In the present study, according to the MFIQ results, the
smoking group had significantly higher scores on the
functional-capacity and nutrition subscales, as well as
a higher total mandibular functional-impairment score,
compared with non-smokers. This finding suggests
that cigarette smoking may adversely affect mandibu-
lar function. Smoking is associated with increased jaw-
muscle tension and parafunctional behaviors such as
bruxism, which raise mechanical load on the TMJ and
masticatory muscles [25]. In addition, nicotine alters
pain modulation and may promote central sensitiza-
tion and withdrawal-related hyperalgesia, while higher
levels of stress, anxiety, and sleep disturbance among
smokers can further amplify perceived dysfunction and
disability [7, 15]. Together, these pathways provide bio-
logically and psychosocially plausible explanations for
the higher functional-capacity and nutrition-subscale
scores and the greater total mandibularimpairment ob-
served in smokers in our study. However, an integrative
review highlights that, while smoking clearly affects
pain perception and related psychosocial factors, high-
quality evidence specifically measuring biomechanical
or jaw-function outcomes is scarce and heterogeneous
[5]. When applied clinically, standard functional tools
often show limited discrimination between diagnostic
groups or no clear differences in calculated impairment
scores, underscoring variability in how function is mea-
sured and reported across studies [29]. To strengthen
inference, future studies should combine MFIQ data
with objective functional tests and standardized re-
porting of potential confounders (psychological sta-
tus, parafunctional habits) and objective measures of
smoking exposure.
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According to our findings, there was no difference
in mouth-opening (mandibular depression) be-
tween smokers and non-smokers despite higher
TMJD severity and greater mandibular functional
impairment among smokers. The proinflammatory
effects of nicotine and other tobacco constituents,
smoking-related vascular changes, and psychosocial
factors such as increased stress and bruxism are
more likely to mediate heightened pain perception
and joint dysfunction than to produce immediate,
measurable reductions in joint range of motion. These
pathophysiological and psychosocial processes may
therefore precede structural changes that would affect
mouth opening, particularly in a young population
in which long-term degenerative changes may not
yet have developed [30, 31]. Moreover, patients often
adopt compensatory movement strategies to maintain
maximal mouth opening despite pain, so preserved
range of motion does not necessarily indicate absence
of dysfunction [32, 33, 34]. Notably, the literature
that specifically compares maximal mouth opening
between smokers and non-smokers is sparse. An
integrative review concluded that existing studies
are insufficient to establish an association between
smoking and biomechanical aspects of TMJD [5].
A recent systematic review and meta-analysis that
focused on smoking and TMJD emphasized that
most evidence addresses pain rather than structural
or motion outcomes [15]. In addition, consensus
diagnostic papers and normative studies show poor
correlation between pain and objective structural
measures and that maximal mouth opening varies
with age, supporting the possibility that young
smokers may show increased symptoms without
measurable restriction of mouth opening [35, 36].
Taken together, these considerations suggest that
smoking may primarily amplify symptom burden
and functional difficulty rather than produce early
detectable restrictions in mandibular depression;
longitudinal studies and objective functional measures
are needed to determine whether smoking leads to
progressive range-of-motion loss over time.

Limitations

This study has several limitations. Its cross-sectional
design prevents causal inference and leaves open the
possibility of reverse causation. The sample consisted
of volunteer university students aged 18-30 from a sin-
gle institution, which limits generalizability to older
adults and other populations. Important potential con-
founders including validated measures of psycholog-
ical status, sleep quality, and objectively measured
parafunctional behaviors were not comprehensively
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controlled for.

In this cross-sectional study, cigarette smokers
exhibited significantly higher TMJD symptom scores
and greater mandibular functional impairment
than non-smokers, while maximal mouth opening
did not differ between groups. Clinically, these
findings suggest that smoking status should be
considered when assessing orofacial pain and TMJ
dysfunction—clinicians should screen for tobacco
use, counsel patients on smoking cessation as part
of multimodal management, and evaluate coexisting
psychosocial and parafunctional contributors (e.g.,
stress, bruxism). For future research, longitudinal and
interventional studies with biochemical verification
of tobacco exposure, standardized measures of
nicotine dependence, objective assessments (imaging,
electromyography, ambulatory bruxism monitoring),
and more diverse age and clinical samples are needed
to clarify causality, dose-response relationships, and
whether smoking cessation reduces TMJD risk or
symptom burden.
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