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Abstract

Background: Oral and dental care is very important for submarine crews, as they live in confined spaces while they are on their
missions. If emergency dental conditions occur during submarine operations, dentistry services are not available.
Objectives: The objective of the current study was to evaluate the prevalence of oral and maxillofacial diseases among submarine
personnel.
Materials and Methods: In this cross-sectional study, 74 submarine crew and 28 marine personnel participated after signing a
written informed consent statement. The data was collected using a questionnaire that included items on the demographic data,
medical and dental history, behaviors related to oral and dental health, and the probability of emergency dental conditions on the
mission. The questionnaire was filled out for each participant by a dentist after performing clinical and paraclinical assessments.
The data were analyzed using SPSS version 20.
Results: The DMFT index (decayed, missing, and filled teeth) for the submarine and marine groups were 5.24 ± 4.16 and 8 ± 5.94,
respectively. The number of missing teeth and the MDFT index were significantly higher in the marine group (P < 0.05). The two
groups were not significantly different in terms of the rate of emergency dental incidents during the mission. These incidents
include temporomandibular joint click, dental fluorosis, dental trauma, and behaviors related to oral and dental health (P > 0.05).
Prevalence of the aphthous stomatitis was significantly higher in the submarine group (P < 0.05).
Conclusions: In general, the oral and dental health status of the submarine crew was better than that of the marine group. The
prevalence of aphthous stomatitis, however, was significantly higher in the submarine group. One of the etiologies considered for
that condition is stress.
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1. Background

General health status and quality of life today are
closely associated with oral and dental health (1, 2). Oral
and dental diseases such as dental caries and periodontal
disease are common and can lead to physical, functional,
and biological complications. Moreover, these conditions
affect other aspects of a person’s life, including economic,
social, and psychosocial aspects (3).

Collection of data on the prevalence and incidence of
oral and maxillofacial diseases among the military forces is
important because it facilitates the design of interventions
and management of the dental care system in the forces
(4). This is of higher importance in relation to submarine

crews because of the specific working conditions they ex-
perience when on missions (5).

Submarine crews are prone to experience oral and den-
tal problems. There is a variety of reasons for this, includ-
ing the restrictions on oral hygiene measures when they
are on missions (6). Moreover, crews that are on missions
live are in isolated environments without access to dental
care services (5). According to reports, five dental emer-
gency cases per 100000 persons per day occur during sub-
marine operations (5).

Stressful occupational conditions may lead to the oc-
currence or aggravation of some oral lesions, including
oral lichen planus and aphthous stomatitis (7-10). More-
over, sleep disorders related to the disruption of the day-
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night cycle are frequently observed in submarine crews;
this in turn can lead to the occurrence of oral problems
such as oral lichen planus and burning mouth syndrome
(11, 12). Stress can also lead to myofacial pains and temporo-
mandibular joint (TMJ) disorders because of hormonal
changes (13, 14). Stress can also be related to dental caries,
through the establishment of dry mouth (15, 16).

2. Objectives

Due to the lack of studies on the prevalence of oral
and maxillofacial diseases in Iranian submarine crews, our
objective was to compare the clinical examinations, ques-
tionnaire results, and radiographic examinations of such
a crew with a marine group. If necessary, the results could
be used as a basis for future interventions and recommen-
dations for appropriate measures to reduce the rate of oral
and dental problems in submarine crews.

3. Materials and Methods

This cross-sectional study was performed on 102 Army
personnel. The study population consisted of a subma-
rine crew of 74 and a marine cohort of 28. All participants
signed a written informed consent statement prior to the
study. The samples were selected by simple random sam-
pling. The data were collected using a questionnaire that
contained items of demographic data, medical and den-
tal history, behaviors related to oral and dental health, and
the probability of emergency dental conditions occurring
during a mission. The questionnaire was based on avail-
able questionnaires in this field (17, 18) and the consensus
of three faculty members of the school of dentistry. To fill
out the questionnaire, all participants were examined by
a dentist. Since panoramic radiographic images are con-
sidered to be acceptable for screening (19, 20), and consid-
ering the need to take periodic radiographs for check-ups,
panoramic images were obtained from all the participants.
The radiographs were evaluated by two dentists using a
negatoscope in a room with appropriate light.

In this study, the DMFT index (decayed, missing, and
filled teeth), rates of root canal filling, pulp involvement
and periapical lesions, oral lesions, tooth wear, dental flu-
orosis, dental calculus, dental trauma, clicking in the TMJ,
problems during the mission, health behaviors, the rate of
dental visits, and public health condition were evaluated
in the both groups.

In terms of dental fluorosis, the participants were cate-
gorised as follows: lack of fluorosis (normal and question-
able), mild fluorosis (very mild and mild), and defined fluo-
rosis (moderate and severe) (21). The participants were clas-

sified by lack of dental attrition (grade 0), mild dental attri-
tion (grades 1 and 2), and defined dental attrition (grades 3
and 4) (22).

The data collected from the questionnaires were ana-
lyzed by SPSS version 20 using appropriate statistical tests
such as the independent t-test, Fisher’s exact test, chi-
square, and Mann-Whitney U. Any P values of less than 0.05
were considered statistically significant.

4. Results

The mean age of the submarine and marine groups
were 3.30 ± 28.5 and 4.62 ± 29.85 years, respectively. Ac-
cording to the results obtained by the independent t-test,
the two groups were not significantly different in this re-
gard (P = 0.163).

The DMFT index of the submarine group was lower
than that of the marine group, and the difference was sta-
tistically significant (P = 0.01) (Table 1). Among the subma-
rine and marine groups, 52.7% and 53.6% had root-filled
teeth, respectively.

The frequency of periapical lesions in the submarine
and marine groups were 21.6% and 10.7%, respectively,
showing a significantly higher value for the submarine
group (P = 0.034). The two groups were not significantly
different in terms of pulp involvement (P = 0.276) (Table 2).

It was observed that the prevalence of aphthous stom-
atitis in the submarine group was significantly higher than
that of the marine group (29.7% vs. 3.6%) (P = 0.003) (Table
3).

The two groups were significantly different in terms
of dental attrition rate, with the marine group having the
higher rate (P < 0.001). The two groups were not signifi-
cantly different in terms of dental fluorosis, calculus and
trauma, and TMJ click (P > 0.05) (Table 4).

The incidence rate of dental problems per 100000 days
of mission was 27 and 35.7 for the submarine and marine
groups, respectively (Figure 1).

Frequency rates for appropriate tooth brushing tech-
nique in the submarine and marine groups were 14.9% and
21.4%, respectively. The difference was not statistically sig-
nificant (P = 0.30). Frequency of behaviors related to oral
and dental health, including using dental floss and tooth
brushing, in the two groups are shown in Table 5.

The two groups were not significantly different in
terms of the rate of dental visits (P = 1.66). Among the sub-
marine and marine groups, 63.6% and 75% had regular den-
tal visits of at least once every two years (Table 6).

It was found that the level of expressed stress in the
submarine group was significantly higher than the marine
group (P < 0.001). Moreover, none of the participants in
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Table 1. DMFT Index and Root-Filled Teeth in the Submarine and Marine Groupsa

Marine Submarine P Valueb

Decayed teeth 2.04 ± 2.56 1.69 ± 1.85 .451

Missing teeth 3.57 ± 5.66 0.74± 1.25 .014 c

Filled teeth 2.53 ± 2.61 2.81 ± 3.24 .689

DMFT 8 ± 5.94 5.24 ± 4.16 .01 c

Root-filled teeth 1.28 ± 1.76 1.28 ± 1.92 .99

aData are presented as mean ± SD.
bIndependent t test.
cThe difference is significant.

Table 2. Mean Frequency of Pulp Involvement, Periapical Lesion, and Jawbone Lesions Observed in the Panoramic View of the Submarine and Marine Groupsa

Marine Submarine P Value b

Pulp involvement 2.26 ± 0.89 0.82 ± 0.40 .276

Periapical lesion 0.31 ± 0.10 0.7 ± 0.32 .034 c

Jaw-bone lesions 0.18 ± 0.03 0.28 ± 0.05 .751

aData are presented as mean ± SD.
bIndependent t test.
cThe difference is significant.

Table 3. Frequency of Oral Mucosal Lesions in the Two Groupsa

Marine Submarine P Value

Aphthous stomatitis 3.6 29.7 .005 b , c

Oral herpes lesion 0 1.4 .725 d

aData’s unit is %.
bThe difference is significant.
cChi-square test.
dFisher’s exact test.

Figure 1. Dental Problems (Dental Abscess, Tooth or Filling Fracture, and Dental
Pain) Per 100000 Days of Mission
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the marine group received medications for long-term ill-
nesses, while 10.8% of the participants in the submarine
group took medications for long-term illnesses (46.1% psy-
chiatric drugs, 38.4% GI drugs, and 15.5% other medica-
tions) (P = 0.01) (Table 7).

5. Discussion

The objective of the current study was to determine
the prevalence of oral and maxillofacial diseases among
a submarine crew. According to the results, the DMFT in-
dex and the number of missing teeth were significantly
lower in the submarine group than in the marine group.
Periapical lesions were significantly more prevalent in the
submarine group (P < 0.05). Moreover, the level of stress,
rate medication consumption for long-term illnesses, and
prevalence of aphthous stomatitis were higher in the sub-
marine group than the marine group (P < 0.05). The two
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Table 4. Prevalence of Dental Fluorosis, Attrition, Calculus and Trauma, and TMJ Click in the Two Groupsa

Marine Submarine P Value

Dental fluorosis 0.427b

No 82.1 75.7

Mild 17.9 18.9

Moderate to severe 0 5.4

Dental attrition < 0.001b , c

No 57.1 93.2

Mild 28.6 6.8

Moderate to severe 14.3 0

Dental calculus 0.382 d

No 28.6 37.8

Yes 71.4 62.2

Dental trauma 0.446e

No 96.4 91.9

Yes 3.6 8.1

TMJ click 0.524e

No 100 97.3

Yes 0 2.7

aData’s unit is %.
bMann-Whitney U test.
cThe difference is significant.
dChi-square test.
eFisher’s exact test

Table 5. Frequency of Health Behaviors (Using Dental Floss and Tooth Brushing) in the Submarine and Marine Groupsa

Marine Submarine P Value

Tooth brushing .763 b

Less than 1 time per day 17.9 2.7

1 time per day 39.3 60.8

More than 1 time per day 42.9 36.5

Using dental floss (during a day) .688 c

NO 57.1 52.7

Yes 42.9 47.3

aData’s unit is %.
bMann-Whitney U test.
cChi-square test.

groups were not significantly different in terms of behav-
iors related to oral and dental health (P > 0.05).

In two different studies that Hopcraft et al. performed
on the Australian military staff in 2003 and 2005, they re-
ported the DMFT index to be 7.07 ± 5.16 (D: 1.32, M: 1.21, F:
4.54) and 5.48 ± 4.85 (D: 1.5, M: 0.34, F: 3.68), respectively,
among the staff in the age range of 26 - 30 years (23, 24).

The mean values obtained in the current study were 5.24
± 4.16 (D: 1.69, M: 0.74, F: 2.81) and 8± 5.94 (D: 2.04, M: 3.57,
F: 2.53) for the submarine and marine groups, respectively.
This indicates that the population of the current study had
less of a chance for a decayed tooth to be repaired than that
of Hopcraft et al.’s studies. This could be attributed to the
lack of regular dental care programs, lack of required treat-
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Table 6. Frequency of Dental Visits in the Two Groupsa , b

Marine Submarine

Every 6 months 25 9.5

Every 1 year 39.3 50

Every 2 years 10.7 4.1

No dental visits up to two years 25 36.5

aData’s unit is %.
bP Value is 0.166 by Mann-Whitney U test.

Table 7. Systemic Health Status in the Two Groupsa

Marine Submarine P Value

Systemic disease

Yes 0 8.1 In two different studies that Hopcraft et al. performed.069 b

No 100 89.2

Stress

Yes 7.1 25.7 .039 c , d

No 92.9 74.3

History of maxillofacial trauma

Yes 7.1 10.8 .446 b

No 92.9 89.2

Medicine consumption

Yes 0 10.8 .011 b , c

No 100 89.2

aData’s unit is %.
bFisher’s exact test.
cThe difference is significant.
dChi-square test.

ment facilities, or lack of correct attitude toward necessity
of treatment for decayed teeth in the population of the cur-
rent study.

Skudutyte-Rysstad et al. performed a study in Oslo,
Norway in 2006 and reported that 23% and 16% of the indi-
viduals studied had root-filled teeth and periapical lesions,
respectively (25). In a 1995 study in Oslo, Norway, Eriksen
et al. reported that 53% and 30% of the individuals stud-
ied had root-filled teeth and periapical lesions, respectively
(26). In the present study, 52.7% and 53.6% of the individ-
uals in the submarine and marine groups had root-filled
teeth, respectively, while periapical lesions were observed
in 21.6 % and 10.7%, also respectively.

Fluorosis may have destructive effect on dental
enamel. It has been shown that mild fluorosis occurs in 12
- 33% of the population in areas where fluoride concentra-
tion in the drinking water is in the range of 0.9 - 1.2 mg/L
(21). In the present study, 18.9% and 17.9% of participants in

the submarine and marine groups, respectively, had mild
fluorosis, and 5.4% of subjects in the submarine group
had moderate to severe fluorosis. The rate of fluorosis in
the population of the current study could be explained by
the high concentration of fluoride in the drinking water
of some areas in the southern part of the country.

In a 2011 study, Yadav et al. reported that 18.5% of the
individuals in the age range of 25 - 35 years had dental at-
trition of grade 2 or higher (wear completely destroyed
the enamel and reached the dentin) (22). In the present
study, 14.3% of the participants in the marine group had
severe dental attrition, but no cases of severe dental attri-
tion were observed in the submarine group. In general,
the two groups were significantly different in terms of the
presence and severity of dental attrition. Farzaneh et al.
carried out a study on the Army personnel and civilians in
Iran and concluded that the dental attrition rate is higher
among army personnel (27). Moreover, among the army
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personnel, the dental attrition rate was higher in those
who participated in war. In their study, attrition was de-
fined as tooth wear higher than 1 mm. They reported the
prevalence of dental attrition by as much as 9.9% among
the army personnel. Based on the above definition, in the
present study, 6.8% of subjects in the submarine group had
dental attrition.

In two studies, Seligman et al. (28) and Yadav (22) re-
ported the prevalence of TMJ click by as much as 17% and
22%, respectively, of their study populations. In the present
study, 2.7 % of subjects in the submarine group had TMJ
click. The difference between this study and previous stud-
ies could be due to the method of assessment used by ob-
servers.

Submarine missions are among the most stressful mil-
itary missions. Factors such as being away from one’s fam-
ily, disruption of the circadian cycle, working in a con-
fined space, isolation from the outside world, and poten-
tial dangers of the missions could increase the stress level
in submarine crews (29). Stress could lead to develop-
ment or aggravation of some oral lesions, including lichen
planus (7, 9), aphthous stomatitis (30, 31), and herpes le-
sions (30, 32). Recurrent aphthous stomatitis is a common
and painful mucosal lesion; its possible etiologic factors in-
clude genetic factors, vitamin deficiency, immune dysfunc-
tion, stress, etc. (33, 34). In some studies, a direct relation-
ship has been reported between stress and the occurrence
of aphthous stomatitis (8, 9, 33-37). Such a relationship
could not be found in some other studies (38, 39). Huling
et al. demonstrated that stressful conditions can increase
the occurrence frequency of aphthous stomatitis, but does
not affect the duration of the lesions (35). According to
the results obtained in the current study, the frequency
of aphthous lesions in the submarine group was signifi-
cantly higher than that in the marine group (P < 0.05). This
could be explained by the stressful working conditions of
the submarine crew.

In a 2008 study conducted by Deutsch et al. on the
US submarine force, the incidence rate of dental problems
was reported to be 5 per 100000 days of submarine mis-
sions (5). In another study performed by Ludwick et al. in
1974, the number of dental problems among the navy per-
sonnel serving in Vietnam was 42.9 for every 100000 days
of missions (40). In a study on the land-based marine corps
in 1996, this index was reported to be 40.6 per 100000 days
of missions (41). According to the results obtained in the
present study, the index was 27 and 35.7 for the submarine
and marine groups, respectively. The difference observed
between various studies could be attributed to the differ-
ent health programs and health care in the various study
communities. Moreover, the higher rate of dental prob-
lems among the marine group could be explained by pro-

viding better health care to the submarine group because
of the occupational issues (job sensitivity) in the subma-
rine group and their lack of access to dental care services
on missions.

In a 1970 study on a submarine crew, Belmont et al.
reported that 59% of the study population brushed their
teeth twice or more per day (42). In the current study, the
corresponding rates were 36.5% and 42.9% for the subma-
rine and marine groups, respectively. In Deutsch’s study
of an American submarine crew, the average rates of tooth
brushing and dental flossing were 1.79 and 0.63 times a day,
respectively (5). In the present study, the values were 1.35
and 0.473, respectively, for the submarine group and 1.36
and 0.42, also respectively, for the marine group. This per-
haps indicates that the necessity of attention to oral care
should be emphasized more in the population of the cur-
rent study. It should be noted, however, that use of the ap-
propriate method of tooth brushing and dental flossing is
more important than the frequency of these practices. This
indicates a need to provide the necessary training.

The advantages of the current study include a lack of
similar studies in Iran and the use of a paraclinical diagnos-
tic method (radiographic imaging) in addition to the clin-
ical examination. Moreover, this survey considered many
problems related to the mouth and jaw, including some
oral lesions, in addition to dental problems.

Based on the results of this study, the following sugges-
tions are provided: training in the appropriate measures
of oral and dental health, including tooth brushing and
use of dental floss, carrying out preventive measures, pro-
viding high quality dental care, and reducing stress levels
in submarine crews to prevent the incidence or aggrava-
tion of some oral lesions.

5.1. Conclusions

In general, the oral and dental health status of the sub-
marine crew was better than that of the Marine group. The
prevalence of aphthous stomatitis, however, was signifi-
cantly higher in the submarine group; one of the etiologies
considered for this condition is stress.
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