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Abstract

Introduction: The physical and psychological effects of war are not always easy to
detect, but they can be far-reaching and long-lasting. One of the physical effects that
may result from war stress is temporomandibular disorder (TMD).

Objective: To evaluate the prevalence of TMD sign and symptoms among war veterans
diagnosed with PTSD.

Methods: We systematically searched in Web of Science, PubMed and Lilacs for
articles published from the inception until 30 December 2022. All documents were
assessed for eligibility based on the following Population, Exposure, Comparator
and Outcomes (PECO) model: (P) Participants consisted of human subjects. (E)
The Exposure consisted of exposition to war. (C) The Comparison was between
war veterans (subjects exposed to war) and subjects not exposed to war. (O) The
Outcome consisted of presence of temporomandibular disorders sign or symptoms
(we considered pain to muscle palpation in war veterans).

Results: Forty studies were identified at the end of the research. We chose only
four study to draw up the present systematic study. The included subjects were
596. Among them, 274 were exposed to war, whereas the remaining 322 were not
exposed to war stress. Among those exposed to war, 154 presented sign/symptoms
of TMD (56.2%) whereas only 65 of those not exposed to war (20.18%). The overall
effect revealed that subjects exposed to war and diagnosed with PTSD had a higher
prevalence of TMD signs (pain at muscle palpation) than controls (RR 2.21; 95% ClI:
1.13-4.34), showing an association PTSD war-related and TMD.

Conclusions: War can cause lasting physical and psychological damage that can lead
to chronic diseases. Our results clearly demonstrated that war exposure, directly or

indirectly, increases the risk of developing TMJ dysfunction and TMD sign/symptoms.

KEYWORDS
anxiety, bruxism, post-traumatic stress (PTS), stress, temporomandibular disorders (TMD),
veterans, war
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1 | INTRODUCTION

Stress exposure has been linked to a variety of chronic diseases,
including cardiovascular disease, neurologic diseases and mental
health disorders. Chronic stress can disrupt the body's physiological
processes, leading to inflammation, oxidative stress and alterations
in hormones and immune function, which in turn increase the risk of
developing chronic diseases.'™

War is a major source of stress exposure, as it involves exposure
to traumatic events, fear and loss, which can result in long-term psy-
chological distress and increase the risk of developing physical and
mental health diseases.

The physical and psychological effects of war are not always
easy to detect, but they can be far-reaching and long-lasting.’ One
of the most common and serious of these effects is the develop-
ment of chronic diseases.® The psychological trauma associated
with war can lead to post-traumatic stress disorders (PTSD) and
other mental health issues, including anxiety and depression.®”"%0
Research shows that people who have experienced traumatic
events such as war are more likely to develop mental health
disorders.®1114

War can have also a profound impact on physical health. One
of the physical effects that may result from war stress is temporo-
mandibular disorder (TMD). Temporomandibular disorder is a group
of disorders that affect the temporomandibular joint (TMJ) and the
muscles around it.*36%8 |t can cause a range of symptoms, such as
pain, difficulty chewing, clicking or popping sounds when opening
and closing the mouth, and headaches. Temporomandibular disor-
der is generally caused by issues in the muscles, joints and ligaments
that control the jaw. It can be caused by muscle tension, grinding
or clenching of the teeth, stress, arthritis or injury to the jaw or
face.r?"22 Research has shown that war stress can be a major con-
tributing factor to TMD. Based on the results of few studies, people
who have served in the military and experienced war stress are at an
increased risk of developing TMD.?3"2> This may be because stress
can cause tension in the TMJ, which can lead to pain and other TMD
symptoms; however, TMJ trauma could also play a role in increas-
ing the risk of TMD in war veterans. Stress can also cause the jaw
muscles to tighten, making it difficult to open and close the mouth.
In order to manage TMD, it is important to reduce stress.?®?” This
can include relaxation techniques, such as deep breathing, yoga and
meditation.?®

It is also important to avoid activities that may cause further
strain on the TMJ, such as chewing gum, nail-biting and clenching or
grinding of the teeth.?®

Treatment for TMD may include medications, physical therapy
or even surgery.29 It is important to seek treatment as soon as pos-
sible, as TMD can lead to serious long-term complications. For those
who have experienced war stress, it is important to be aware of the
potential risks of TMD.

Herein, we aimed to evaluate the prevalence of TMD sign and

symptoms among war veterans diagnosed with PTSD.

2 | MATERIALS AND METHODS
2.1 | Eligibility criteria

All documents were assessed for eligibility based on the following
Population, Exposure, Comparator and Outcomes (PECO) model.*°

(P) Participants consisted of human subjects.

(E) The Exposure consisted of exposition to war.

(C) The Comparison was between war veterans (subjects ex-
posed to war) and subjects not exposed to war.

(O) The Outcome consisted of the presence of temporomandib-
ular disorders sign or symptoms (we considered pain to muscle pal-
pation in war veterans).

Only papers providing data at the end of the intervention were
included. Exclusion criteria were as follows: (1) patients suffering
from any rheumatic diseases or chronic inflammatory disorders or
(e.g. rheumatoid arthritis, juvenile, idiopatic arthritis, psoriatic arthri-
tis); (2) patients suffering with fibromyalgia; (3) congenital abnormal-
ity or neoplastic conditions in the TMJ region; (4) studies including
patients receiving intra-articular infiltrations or arthrocentesis as
treatment; (5) studies including local pressure pain assessment; (6)
cross-over study design; (7) studies written in a language different
from English; (8) full-text unavailability (i.e. posters and conference
abstracts); (9) studies involving animals; (10) review (topical or sys-
tematic) articles; (11) case reports/series; and (12) studies assessing

TMD prevalence in subjects not exposed to war stress;

2.2 | Search strategy

We systematically searched in Web of Science, PubMed and Lilacs
for articles published from the inception until 30 December 2022.
We followed the strategy following the strategy reported in Table 1.
Furthermore, we conducted a manual search of the references as
well of previous systematic reviews on a similar topic.

This systematic review was conducted according to the guidance
of the Cochrane Handbook for Systematic Reviews of Interventions
and the Preferred Reporting Items for Systematic Reviews (PRISMA)
guidelines 2020. The systematic review protocol has been reg-
istered on the International Prospective Register of Systematic
Reviews (PROSPERO) with the number CRD42022354011.

2.3 | Data extraction

These data were extracted by two reviewers (GM and RF) from the
included studies using customised data extraction on a Microsoft
Excel sheet. In case of disagreement, a consensus was reached
through a third reviewer (MC). The following data were extracted:
(1) first author; (2) year of publication; (3) nationality; (4) number of
study participants (case vs controls) (5) age of study participants (case

vs controls); (6) sex (female number and percentage); (7) diagnostic
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TABLE 1 Search strategy.

PubMed

Search: (((‘armed conflicts’[MeSH Terms] OR (‘armed’[All Fields]
AND ‘conflicts’[All Fields]) OR ‘armed conflicts'[All Fields] OR
‘war’[All Fields] OR (‘veteran s’[All Fields] OR ‘veterans’[MeSH
Terms] OR ‘veterans’[All Fields] OR ‘veteran’[All Fields]))
AND (‘temporomandibular joint disorders'[MeSH Terms] OR
(‘temporomandibular’[All Fields] AND ‘joint’[All Fields] AND
‘disorders’[All Fields]) OR ‘temporomandibular joint disorders’[All
Fields] OR (‘temporomandibular’[All Fields] AND ‘disorders’[All
Fields]) OR ‘temporomandibular disorders’[All Fields])) NOT
(‘case reports’[Publication Type] OR ‘case report’[All Fields]))
NOT (‘review’[Publication Type] OR ‘review literature as
topic'[MeSH Terms] OR ‘review’[All Fields])

Filters: English

Lilacs
Temporomandibular disorders [Palavras]andwar [Palavras] or
veterans [Palavras]

Scopus
TITLE-ABS-KEY (((war) or
(veterans)) AND (temporomandibular AND disorders))

criteria/tools used for the diagnosis of TMD; (8) prevalence in war

veterans; and (9) prevalence in control subjects.

2.4 | AQuality assessment

Two reviewers (GM and LL) assessed the risk of bias using Version 2
of the Cochrane risk-of-bias tool for randomised trials (RoB 2). Any
disagreement was discussed until a consensus was reached with a
third reviewer (MC).

2.5 | Statistical analysis

We performed the pooled analysis using the software Review
Manager version 5.2.8 (Cochrane Collaboration, Copenhagen,
Denmark; 2014). We measured the risk ratio (RR) between the two
group (exposed and not exposed to war). Heterogeneity among
studies was evaluated by means of the Higgins Index (%) and the
chi-squared test classified as follows: low heterogeneity (<30%),
medium heterogeneity (30%-60%) and high heterogeneity (>60%).

3 | RESULTS
3.1 | Study characteristics

Forty studies were identified at the end of the research. As illus-
trated by the PRISMA 2020 flowchart in Figure 1, we chose only
four study to draw up the present systematic study. We excluded
seven articles before the screening: six as they were reviews; one as
it was a case report. The remaining articles (n=33) were selected for
the title and abstract screening to evaluate whether they meet the
PECO criteria. Thirteen articles were excluded as duplicates. Twenty
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records were assessed for eligibility. Among these, 16 were excluded
as the population was not exposed to war exposure to war. The in-
cluded studies have been published between 2007 and 2014. The
four included study were cross-sectional in design. All these stud-
ies compared the prevalence of TMD or TMD related symptoms/
signs between subjects expose to war (with or not a diagnosis of
PTSD) and those not exposed to war (and not diagnosed with PTSD).
Table 2 summarises the main characteristics of all the studies in-
cluded in the present systematic review (as reported in the para-

graph data extraction).

3.2 | Main findings

The included subjects in this review were 596. Among them, 274
were exposed to war, whereas the remaining 322 were not exposed
to war stress. Among those exposed to war, 154 presented sign/
symptoms of TMD (56.2%), whereas only 65 of those not exposed to
war (20.18%) reported sign or symptoms of TMD.

The number and demographic characteristics of the enrolled pa-
tients in the four study are presented in Table 2.

Muhvic-Urek and colleagues enrolled 100 subjects, 50 exposed
to war and with a diagnosis of PTSD and 50 not exposed to war
and not diagnosed with PTSD (Table 3). This is the only study that
applied the Research Diagnosis Criteria for Temporomandibular
Disorder criteria. Patients suffering PTSD war-related presented a
higher prevalence (48% vs 8%) of TMD diagnosis.?> Among TMD
sign/symptoms, disc displacement was present in both group with a
similar prevalence (10% vs 8%), whereas myofascial pain and arthral-
gia were more frequent in the exposed group (48% vs 0% and 22%
vs 2%, respectively).

In both studies, Uhac and colleages enrolled subjects exposed to
war and diagnosed with PTSD.%3! |n that of 2006, they found that
almost all the signs and symptoms evaluated were more frequent in
subjects with PTSD war-related compared with the control group
(subjects not exposed to war and not diagnosed with PTSD).3! In de-
tail, PTSD-diagnosed patients experienced a more pronounced com-
promission in the active range of motion, passive range of motion and
left laterotrusion. Only the PTSD war-related group referred facial
pain, jaw joint pain and headache. Headache was the most intense
pain reported in the PTSD group. TMJ click, pain at muscle palpation
and intrameatal tenderness were also more prevalent in veterans.*?

The results of the study performed in 2011 were in line with
those of the study of 2006.2% More frequently, PTSD subjects re-
ported at least one muscular painful location compared with the
control group (93% vs 46.65%). The left lateral pterygoid site, right
lateral pterygoid site and the left posterior digastric were the most
frequent painful locations in the veterans group. The most frequent
painful locations in the control groups were the same but in all cases
with a lower frequency and intensity. Temporomandibular disorder
was more frequently painful in subjects with PTSD compared with
control subjects. The left posterior capsule and the right posterior
capsule were the most frequent painful location in veterans.
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In the study by Mottaghi and Zamani,?* 120 subjects were en-
rolled: 30 subjects exposed to war and diagnosed with PTSD, 30
war veterans not diagnosed with PTSD, 30 subjects not exposed
to war and diagnosed with PTSD and 30 not exposed to war and
not diagnosed with PTSD. Both groups of war veterans presented
a higher prevalence of sign and symptoms of TMD compared with
subjects not exposed to war (regardless they were diagnosed or
not with PTSD). Veterans more frequent reported a history of TMJ
trauma. In Table 2, we reported as cases only those exposed to war
and diagnosed with PTSD, whereas veterans not diagnosed with
PTSD were treated as controls. As stated above, it is interesting that
regardless of diagnosis of PTSD, war exposure was associated with a
higher prevalence of TMD sign and symptoms. This is the only study
to explore the association between war and TMD, regardless any

comorbidity.

3.3 | Meta-analysis

The meta-analysis was conducted by random model effect due to
the high heterogeneity (I>=95%) among the four included studies

that compared the prevalence of TMD sign/symptoms in veterans
with a diagnosis of PTSD and controls subjects (individual not ex-
posed to war and not diagnosed with any psychiatric disorders). The
outcome chosen to make comparable the four studies was the prev-
alence of pain at muscle palpation. The overall effect, reported in
the forest plot (Figure 2), revealed that subjects exposed to war and
diagnosed with PTSD had a higher prevalence of TMD signs (pain at
muscle palpation) than controls (RR 2.21; 95% Cl: 1.13-4.34), show-
ing an association PTSD war-related and TMD.

3.4 | AQuality assessment and risk of bias

Using the RoB 2, the risk of bias among the studies analysed was
estimated and reported in Figure 3. Regarding the randomization
process, all the studies ensured a high risk of bias. Allocation con-
cealment was not applicable. Only two studies excluded a perfor-
mance bias and reported all outcome data; however, none of the
included studies present reporting bias. Overall, only two out of
four studies were demonstrated to have a low risk of incurring

bias.
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TABLE 2 Main characteristics of the randomised controlled trials included in the present systematic review.

Age of study participant,
year [mean (ds)/range]

Number
of study
participants
(cases vs
Author year Nationality  controls) Cases Controls
Muhvic- 2007 Croatia 50 vs 50 41.98(5.78) 39.62(7.3)
Urek
Uhac 2006 Croatia 94 vs 88 35 (25-50) 34 (24-51)
Uhac 2011 Croatia 100 vs 92 35(24-50) 34 (24-51)
Mottaghi 2014 Iran/Iraq 30vs 90 40.2(7.9) 37.9 (10.7)
and
Zamani

TMD sign/
symptoms TMD sign/
prevalence symptoms
in subjects prevalence in
exposed to subjects not
war (pain exposed to war
Sex to muscle (pain to muscle
(female %)  Diagnostic criteria palpation) palpation)
0 Research Diagnosis 24/50 (48%) 4/50 (8%)
Criteria for
Temporomandibular
disorder (RDC/TMD)
0 Clinical examination 20/94 2/88 (2.27%)
and standard (21.28%)

questionnaire

0 Palpation of the 93/100 (93%) 42/92 (45.65%)
masticatory muscles,
the prominent neck

musculature, and TMJ

0 TMJ examination that  17/30
involved the clinical (56.7%)
assessment of the
TMJ signs and
symptoms

17/90 (15.3%)

Note: We reported the mean age of the group composed by subjects not exposed to war and not diagnosed with PTSD (that correspond to the

control group in the other studies).

TABLE 3 Abbreviation used in the text.

Abbreviation

PTSD Post-traumatic stress disorders

T™J Tempormandibular joint

TMD Tempormandibular disorders

PECO Population Exposure Comparison Outcome

4 | DISCUSSION

Herein, we have systematically reviewed the literature to evaluate
whether PTSD due to exposure to war-related stress represents a
risk factor for TMD. We found that subjects exposed to war and
diagnoses with PTSD present a higher risk of experience TMD. Of
note, the study by Mottaghi et al. revealed that regardless of diagno-
sis of PTSD, war exposure was associated with a higher prevalence
of TMD sign and symptoms. This is the only study exploring the as-
sociation between war and TMD, regardless any comorbidity.3®

The physical and psychological effects of war are not always easy
to detect, but they can be far-reaching and long-lasting.> One of the
most common and serious of these effects is the development of
chronic diseases.3* War stress can lead to an increased risk of devel-
oping chronic conditions such as cardiovascular disease, diabetes and
PTSD.343% At the onset of war, adrenaline and other hormones are re-
leased to prepare the body for battle. Although this is a physiological
response, when these hormones are released too often and for too
long, it can have detrimental effects for the organism. Studies have

shown that long-term exposure to the hormones released during war
can increase the risk of cardiovascular disease, diabetes and other
chronic conditions.® War stress can also have a negative effect on
mental health.%¢ The psychological trauma associated with war can
lead to PTSD and other mental health issues, including anxiety and
depression.®® Research shows that people who have experienced
traumatic events such as war are more likely to develop mental health
disorders.6 Itis important to recognise the physical and mental health
effects of war. People who have experienced war-related trauma
should seek help from a mental health professional, as treatment is
available and can improve quality of life.®”*® Additionally, positive
lifestyle choices such as regular exercise, healthy eating and adequate
sleep can help reduce the risk of chronic disease.®’
Temporomandibular disorder is a group of disorders that affect
the temporomandibular joint (TMJ) and the muscles around it.*>#°
It can cause a range of symptoms, such as pain, difficulty chewing,
clicking or popping sounds when opening and closing the mouth,
and headaches. Temporomandibular disorder is generally caused by
issues in the muscles, joints and ligaments that control the jaw. It
can be caused by muscle tension, grinding or clenching of the teeth,
stress, arthritis or injury to the jaw or face.*! Our study has shown
that war stress can be a major contributing factor to TMD. People
who have served in the military and experienced war stress are at
an increased risk of developing TMD.*? This is because stress can
cause tension in the TMJ, which can lead to pain and other TMD
symptoms. Stress can also cause the jaw muscles to tighten, making
it difficult to open and close the mouth. In order to manage TMD, it
isimportant to reduce stress. This can include relaxation techniques,

85UB017 SUOWIWOD SAIERID 3(dedl|dde ayy Aq peussnob ke saiie YO ‘8sn Jo sejn. 1oy Akeld18ul|uQ A8|IA UO (SUONIPUOD-PUB-SWBY 0" A 1M AleIq 1 pUl|uo//:Sthiy) SUOTIPUOD PUe SWis | 8U188S * [1202/90/82] Lo Ariq1T8ulluo 8|1 ‘3 8ydeloljqig oued elued I eISPAIUN AQ SESET I00[/TTTT'OT/I0p/WO0 A8 | im AReId 1 jpul|uo//Sdny wou) peapeojumoq ‘0T ‘SZ02 ‘Z782ZS9ET



MINERVINI ET AL.

1106
5 | wiLEy-

Not exposed to war Exposed to war Risk ratio (Non-event) Risk ratio (Non-event)
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Mottaghi 2014 4 50 24 50 26.5% 1.77[1.34 , 2.34] -
Muhvic-Urek 2007 2 88 20 94 27.6% 1.24[1.11, 1.39] n
Uhac 2006 17 90 17 30 25.1% 1.87[1.23, 2.85] .
Uhac 2011 42 92 93 100 20.8% 7.76 [3.71, 16.25] ——
Total (95% ClI) 320 274 100.0% 2.21[1.13,4.34] &
Total events: 65 154
Heterogeneity: Tau? = 0.42; Chi = 59.68, df = 3 (P < 0.00001); I = 95% 001 01 ; 10 100
Test for overall effect: Z = 2.31 (P = 0.02) Not exposed to war Exposed to war

Test for subgroup differences: Not applicable

FIGURE 2 Forest plot of the meta-analysis.

FIGURE 3 Risk of bias domains.

Mottaghi 2014
Muhvic-Urek 2007
Uhac 2006

Uhac 2011
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such as deep breathing, yoga and meditation. Coping strategies, the symptoms and effects of chronic disease. Effective coping strat-
such as mindfulness practices, physical activity, social support and egies can help individuals to better manage their symptoms, reduce
seeking professional help, can play an important role in managing stress and improve their overall quality of life.*3
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It is also important to avoid activities that may cause further
strain on the TMJ, such as chewing gum, nail-biting and clenching or
grinding of the teeth.** If the symptoms of TMD are severe or last
for more than a few weeks, it is important to seek medical attention.
Treatment for TMD may include medications, physical therapy or
even surgery. It is important to seek treatment as soon as possible,
as TMD can lead to serious long-term complications. For those who
have experienced war stress, it is important to be aware of the po-
tential risks of TMD. By taking steps to reduce stress and seeking
medical attention when needed, it is possible to manage TMD and
reduce its long-term effects.

Post-traumatic stress disorder is a pathological response to
stress that can occur after a person experiences or witnesses a
traumatic event, during which individuals are permanently in a state
of increased tension.*> Post-traumatic stress disorders can cause a
person to feel anxious, long after the event has ended.*® The condi-
tion is accompanied by unbalance of neurotransmitters which may
be directly or indirectly connected with the occurrence and course
of TMD.* The noradrenergic system disturbances, hypothalamic-
pituitary-adrenal axis alterations and disturbance in the level of
serotonin could influence TMJ function by inducing muscular hyper-
function and altered pain perception.*¢

There is a growing body of evidence linking psychological distur-
bances to an increased risk for temporomandibular disorders (TMD).
Studies have found that individuals with TMD are more likely to suf-
fer from depression, anxiety and other psychological disorders than
those without TMD.#¢ The exact nature of the relationship between
psychological disorders and TMD is not fully understood, but there
is a strong association between the two. Individuals with psycholog-
ical disorders may be more likely to develop TMD because of the in-
creased stress and anxiety they experience.*’ This stress can lead to
teeth grinding (bruxism) and other habits that can damage the jaw and
lead to TMD.

The main limits of this review are that (i) the included studies
applied different diagnostic methods and (ii) did not exclude or
correct for TMJ trauma. In this regard, studies adjusting for these
confounding factors are needed to confirm the association between

war-related stress exposure and TMD symptoms.

5 | CONCLUSIONS

War can cause physical and psychological damage that can lead to
chronic diseases. Our results clearly demonstrated that war expo-
sure, directly or indirectly, increases the risk of developing TMJ dys-
function and TMD sign/symptoms. People who have experienced
war-related trauma should seek help from mental health profes-
sionals and make lifestyle changes to reduce the risk of developing

chronic conditions.
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