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required to have logged a minimum of 40 dives, 
while dive instructors need to have completed 
100 dives to be certified.2

To reduce the risks of accidents during a 
dive, diving equipment needs to meet stringent 
criteria to be considered safe. Divers are trained 
to follow specific protocols in case of equipment 
failure. To reduce diving hazards, measures 
such as a controlled rate of ascent and descent, 
use of dive computers that monitor the dive 
profile, and diving with an extra air regulator 
are followed. Additionally, certifying agencies 
require divers to meet a specific standard of 
medical fitness before certification. However, 
there are no dental health prerequisites for rec-
reational dive certification. Considering that 
the air supply regulator is held in the mouth, 
any disorder of the oral cavity can potentially 
increase the diver’s risk of injury.

Traumatic injuries to the orofacial structures 
in scuba divers may occur due to pressure 
fluctuations and constant jaw clenching. This 
effect has been referred to as ‘divers mouth 
syndrome’,3,4 and ranges in severity from dry 
mouth to ‘odontocrexis’ or tooth fracture.5 

Other symptoms reported are barodontalgia 

Introduction

SCUBA (self-contained underwater breathing 
apparatus) diving is gaining popularity as a 
recreational sport. There is an entire industry of 
training and certifying agencies, dive equipment 
marketing, dive travel and insurance that has 
developed around this sport. Between 1999–2008 
more than 11.5 million divers were certified by 
the Professional Association of Diving Instructors 
in the United States.1 Diving certifications classify 
divers by number of dives and maximal dive 
depth for each level of certification. For example, 
open water divers are usually restricted to 18 
meters, while advanced open water divers can 
descend to depths up to 30 m. Dive masters are 
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or tooth squeeze6 which is pain or injury to 
teeth due to changes in the pressure gradient,7 
discomfort and pain in the temporomandibu-
lar joint (TMJ),8 loosening of dental fillings and 
restorations9 and injury to oral soft tissue due 
to improper mouthpiece design.10

Most studies assessing the prevalence of 
dental symptoms in divers have investigated 
military divers or professional divers with 
extensive training and long diving experi-
ence.11 For example, in a study of 1,317 
French military divers, Gunepin et  al.6 
reported that 7.3% experienced barodontalgia. 
Fifteen percent of 520 professional divers and 
caisson workers surveyed by Zanotta et al.11 
experienced pressure related dental symptoms. 
Studies5,12 in recreational divers have shown 
a slightly higher prevalence of barodontalgia. 
Specifically, Yousef et al.5 noted the prevalence 
of TMJ symptoms and orofacial pain ranging 
from 4% to 52% among 163 divers in Saudi 
Arabia. Interestingly, 90% of the divers in this 
study were male. In a similar study,12 44% of 
125 Australian divers suffered from orofacial 
pain during diving. The majority of divers in 
this study were in their third to fourth decade 
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Highlights that the prevalence of dental discomfort 
during a dive among recreational scuba divers is high. 

Suggests that scuba diving instructors may be more 
likely to experience oro-facial pain during a dive.

Demonstrates that molar teeth were most commonly 
involved in an episode of diving related dental pain.

In briefIn brief
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of life. It is likely that the occurrence of dental 
symptoms is higher among recreational divers 
compared to military and professional divers. 
This may be due to the greater access that 
military and professional divers may have to 
physicians with expert knowledge in diving 
medicine.6

The aim of this pilot study was to evaluate 
the prevalence of dental symptoms in recrea-
tional scuba divers and determine the distribu-
tion of these symptoms on the basis of diver 
demographics, diving qualifications and dive 
conditions during the episode of dental pain.

Materials and methods

This study was approved by the University of 
Rochester, Research Subject Review Board 
(RSRB#00060,619). The survey was pilot tested 
on a group of ten divers to evaluate the format 
and content of questions and to improve the 
validity of the survey. The survey took approxi-
mately ten minutes to complete. The data was 
collected from 30 March 2014 to 24 August 2014.

A convenience sample of subjects was 
obtained by posting the survey to social 
media platforms (Facebook and online scuba 
diving forums) and referral (word-of-mouth 
by study personnel and their networks, pro-
fessional colleagues, and participants who had 
already completed the survey). Only certified 
scuba divers, 18 years and older were included. 
Divers suffering from a cold during the episode 
of pain and divers taking decongestant medica-
tion to treat a cold were excluded.

A descriptive 20-question survey with both 
multiple choice options and open-ended 
responses was used to assess the prevalence 
of dental symptoms in divers. The topics 
addressed were: demographics (age, gender), 
diving characteristics (level of certification, 
number of dives completed), occurrence of 
dental problems during a dive, and details of 
the episode (type of problem, teeth affected, 
and safety stop performed). The survey was 
designed and administered through the ‘Forms’ 
function of Google Docs. The responses were 
automatically coded into the ‘Sheets’ function 
of Google Docs. After filling in demographic 
information, an initial screening question for 
pain was asked. Respondents who reported 
an occurrence of orofacial pain during a 
dive were prompted to answer a series of 
questions describing the painful incident. For 
respondents who did not experience pain, the 
survey ended with the report of no incident of 
orofacial pain during a dive.

Statistical analysis

The descriptive statistics were reported for 
demographic variables. For continuous 
variables, such as age, the means and standard 
deviations were calculated. For categorical 
variables, the frequencies for different cat-
egories were reported. The prevalence of 
dental symptoms was calculated. Multiple 
polytomous logistic regression and Fisher’s 
exact test were used to study the effects of 
demographic covariates on the probabilities 
of dental symptoms among divers of different 
certification levels with statistically significant 
level at P <0.05. 

Results

One hundred and seventeen responses were 
received and data from 100 respondents who 
fulfilled the eligibility criteria was analysed. 
The age range of the respondents was 18 years 
to 65 years and the mean age was 39.08 years. 
Forty percent were female and 60% were male. 
Sixteen percent of respondents were certified 
at the basic level of recreational diving – open 
water diver (OWD), 30% were advanced open 
water divers (AWD), 9% were certified as 
rescue divers (RD) within recreational diving, 
16% were certified dive master (DM) and 29% 
were instructor level divers (DI).

The occurrence of dental symptoms during 
a dive among recreational scuba divers was 
reported as 41%. The age range was 19 years 
to 58 years and the mean age was 38.6 years. 
Of the divers reporting dental symptoms, 49% 
(N = 20) were female and 51% (N = 21) were 
male. The distribution of dental problems 
according to divers’ level of certification was 
22% in OWD, 19% in AWD 5% in RD, 15% 
in DM and 39% in DI. Dental symptoms 
began during descent in 34% of the popula-
tion, during ascent in 24% of the population 
and 42% experienced pain during both ascent 

and descent. Table 1 shows the prevalence of 
pain according to the level of certification and 
safety stop. For divers experiencing persistent 
pain, 23% (N = 5) were OWD, 18% (N = 4) 
were AWD, 5% (N  =1) were RD, 14% (N = 9) 
were DM and 41% (N = 3) were DI. Only 12% 
of divers who experienced pain did not make 
a safety stop, and 5% of them experienced 
persistent pain. Out of the remaining 88% 
who made the safely stop, 41% experienced 
persistent pain.

Table 2 describes the distribution of pain 
according to type of problem, teeth affected 
and time of onset of pain. Forty-two percent 
(N = 17) reported tooth squeeze (barodon-
talgia) as the type of problem, 24% (N = 10) 
experienced pain from holding the regulator 
too tightly, 22% (N = 9) reported jaw pain, 
5% (N = 2) noted loosening of crowns placed 
on teeth, 5% (N  =  2) reported pain in the 
gums, 2% (N = 1) reported a broken dental 
filling. Among the divers who experienced 
dental symptoms, 54% had a tooth cavity or a 
previous filling, while 46% had no cavities or 
fillings. The distribution of pain according to 
presence of cavity and/or filling is illustrated in 
Figure 1. It was found that 39% of females and 
44% of males in this study who experienced 
dental symptoms had not undergone recent 
dental treatment, while 10% of females and 
7% of males who underwent dental treatment 
less than a month ago experienced dental 
symptoms.

Fisher’s analysis showed no significant dif-
ference among the five levels of diving certifi-
cation in the type of problems (P = 0.08), teeth 
most frequently affected (P = 0.40) and time of 
onset of pain (P = 0.47). There was also no sig-
nificant difference between males and females 
in the type of problems (P = 0.57).

The exact logistic regression showed that 
there was no significant difference on pain per-
sistence by the level of certification (P = 0.96) 
or by the safety stop (P = 1.0).

Table 1  Persistence of pain and safety stop

Level of certification
Performed safety stop Did not perform safety stop

Pain 
persisted

Pain did not 
persist

Pain 
persisted

Pain did not 
persist

Open water diver (N = 9) 22% 5 4 0 0

Advanced open water diver (N =  8) 20% 3 4 0 1

Rescue divers (N = 2) 5% 1 1 0 0

Dive master (N = 6) 14% 1 2 2 1

Dive instructors (N = 16) 39 % 9 6 0 1
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Discussion

The prevalence of dental symptoms among rec-
reational divers in this pilot survey was found 
to be 41% similar to previous studies5,12 in non-
military divers. The results support the hypoth-
esis that the frequency of dental problems is 
higher in recreational divers compared to 
military and professional divers.6,9,11 This may 

be attributed to regular dental follow up in 
military divers, and the emphasis on maintain-
ing good oral health among this population.9 
In contrast, recreational divers who represent 
a section of the general population may 
have variable access and utilisation of dental 
services.13,14

There was an even distribution of respond-
ents according to gender in this study. This 

is in marked contrast to previous surveys 
which had a predominance of male divers.15–17 
The prevalence of temporomandibular joint 
(TMJ) disorders is higher in females18 in the 
general population and this trend has also 
been reported among female divers.4,15,19 
Interestingly, the incidence of jaw pain was 
distributed equally among the genders in this 
study. This is in contrast to the findings of 
Aldridge et al.19 who noted that jaw joint pain 
during diving was similar to that experienced 
in daily life. Factors such as clenching on the 
mouthpiece due to temperature changes in 
the water or maintaining the proper position 
of an ill-fitting regulator in the mouth could 
be responsible for TMJ pain.20 Additionally, 
prolonged forward positioning of the mandible 
to adapt to the mouthpiece may precipitate 
jaw joint discomfort. It has been suggested 
that extending the interdental bite platform of 
the mouthpiece up to the molars could reduce 
the mechanical overloading on the TMJ4,21 
in divers. Therefore, although females in the 
general population are more likely to suffer 
from TMJ disorders,22 mouthpiece design 
may be a critical factor which may contribute 
to TMJ pain in divers. In the present report 
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Fig. 1  Pain distribution according to presence of cavity and/or filling

Table 2  Distribution of pain according to type of problem, teeth affected and time of onset of pain

Level of certification

Type of problem Tooth squeeze Broken 
restoration

Pain in the 
gums

Teeth pain from 
clenching Jaw pain Loosening of 

restoration

Open water diver (N = 9) 22% 4 (44%) 0 0 0 4 (44%) 1 (12%)

Advanced open water diver (N = 8) 20% 2 (25%) 0 0 5 (63%) 0 1 (12%)

Rescue divers (N = 2) 5% 0 0 0 1 (50%) 1 (50%) 0

Dive master (N = 6) 14% 2 (33%) 0 1(17%) 1 (17%) 2 (33%) 0

Dive instructors (N = 16) 39 % 9 (56%) 1 (6%) 1(6%) 3 (19%) 2 (13%) 0

Teeth affected Incisors Canines Molars All

Open water diver (N = 9) 22% 0 0 5 (56%) 4 (44%)

Advanced open water diver (N = 8) 20% 1 (12.5%) 1 (12.5%) 6 (75%) 0

Rescue divers (N = 2) 5% 0 0 100% 0

Dive master (N = 6) 14% 2 (33.3%) 0 2 (33.3%) 2 (33.3%)

Dive instructors ( N = 16) 39 % 1 (6.5%) 1 (6.5%) 12 (75%) 2 (12%)

Time of onset of pain Ascent Descent Both ascent 
and descent

Open water diver (N = 9) 22% 1 (11%) 2 (22%) 6 (67%)

Advanced open water diver (N = 8) 20% 3 (37.5%) 2 (25%) 3 (37.5%)

Rescue divers (N = 2) 5% 1 (50%) 1 (50%) 0

Dive master (N = 6) 14% 0 3 (50%) 3 (50%)

Dive instructors (N = 16) 39 % 5 (31%) 6 (38%) 5 (31%)
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almost one-fourth of the divers experienced 
TMJ pain associated with diving. Roydhouse23 
interviewed 322 divers and observed a similar 
prevalence of TMJ pain. Interestingly, jaw pain 
was the most frequent problem experienced 
by open water divers who represent the most 
basic level of certification. This is similar to 
the finding by Hirose et al.24 who reported that 
significantly more beginners experienced jaw 
pain and persistent discomfort after diving. The 
inexperience of novice divers in maintaining 
the regulator intraorally and simultaneously 
sustaining mouth breathing could contribute 
to this jaw fatigue and pain.

More than half of the teeth affected by pain 
were molars. It is well known that molars are 
most susceptible to decay and most frequently 
restored.25,26 It is possible that air trapped 
beneath damaged restorations or within decayed 
teeth could expand and contract abnormally in 
the course of a dive, resulting in dental pain. 
This explanation is supported by a study by 
Calder et al.27 that demonstrated the negative 
effect of changing pressure on teeth with 
damaged fillings. It is worthwhile to mention the 
relation between maxillary sinus barotrauma 
and maxillary tooth pain. The literature shows 
that air entrapped within a blocked sinus can 
refer pain to maxillary molar teeth. This phe-
nomenon has been described as ‘indirect baro-
dontalgia’.7,28 In order to distinguish between 
direct barodontalgia (caused by pulpal disease 
with or without periradicular involvement) and 
indirect barodontalgia, this study excluded all 
respondents who were suffering from a cold 
when the episode of diving-related dental pain 
occurred. Moreover, divers on decongestant 
medications were excluded to control for the 
effect of indirect barodontalgia.

For direct barodontalgia, the onset of 
dental symptoms was variable and almost 
40% of divers experienced pain during both 
the ascent and descent phases of the dive. 
Zadik28 in a review on barodontalgia related 
the time of onset of pain with a definite type 
of tooth pathology. Specifically, persistent pain 
on ascent and descent suggests periradicular 
pathology, irreversible pulpitis would present 
as a momentary sharp pain on ascent, while a 
dull throbbing pain on decent would indicate 
a necrotic pulpitis. Further clinical investiga-
tions in the respondents of this survey would 
be needed to determine if the time of onset of 
pain was co-relatable to these criteria.

The present results report a higher preva-
lence of barodontalgia (41%) compared with 
previous studies.5,12,15 This could be because 

almost one third of the respondents were 
instructor level divers. It is hypothesised 
that dive instructors are more prone to baro-
metric trauma as they spend greater time at 
shallower depths, assisting inexperienced 
divers with equalisation of the ears and 
sinuses. Underwater pressure increases in a 
linear manner with depth.29 The maximum 
pressure variation during descent into a dive 
occurs in the first ten metres where pressure 
doubles from 1 bar atmosphere at the surface 
to 2 bar atmosphere at ten metres. The relation 
between pressure fluctuation and dental health 
in divers has been studied by Goethe et al.30 
who evaluated the teeth of frogmen, naval 
divers and submariners over a period of 
ten years. They found that frogmen who spent 
greater time at shallower depths compared to 
naval divers, showed the highest deterioration 
of teeth at the ten year follow up, in spite of 
having better dental health than naval divers 
and submariners at baseline. The results of 
the present study show a similar correla-
tion. Although instructors were the second 
largest group surveyed, they had the highest 
prevalence of dental symptoms associated with 
diving as well as persistence of these symptoms 
after diving.

It is pertinent to discuss the influence of the 
safety stop on the persistence of dental pain 
following a dive. The purpose of this halt at 
five metres for three minutes at the end of the 
dive is to allow the nitrogen to leave the blood 
in a controlled manner, reducing the likelihood 
of decompression sickness.31 It is tempting to 
speculate that air trapped beneath a restoration 
will expand more uniformly and escape at the 
time of the safety stop. However, in the present 
study there was no link between persistence of 
pain and performance of the safety stop. This 
is possibly due to the relatively small sample 
size of this study.

Apart from the small sample size, this study 
has a number of limitations. Firstly, as it was 
an online survey, the external validity of the 
respondents cannot be assessed.32,33 Although 
the survey was posted only to divers forums, 
it was not possible to ensure that non-divers 
responded. Secondly, information on dental 
status was self-reported. However, it is known 
that the validity of self-reported dental status 
is moderate,34–36 and the data could be more 
reliable if the divers were examined by a dentist 
or existing dental records could be obtained. 
Also, as some of the questions were open-
ended, there was a variability in the responses 
received. For example, for the question 

regarding the teeth experiencing pain, there 
was no uniformity in the responses. Therefore, 
the responses were divided according to the 
tooth class affected, with an approxima-
tion of the answers in equivocal responses. 
Finally, racial and ethnic information was not 
recorded. It is well known that pain perception 
and tolerance varies depending on race and 
ethnicity.37,38 More descriptive future studies 
with a larger sample size and includ an oral 
examination are needed to overcome these 
limitations.

Conclusion

The results of this pilot survey show that for 
recreational divers, barodontalgia is most fre-
quently experienced dental symptom during 
a dive. The distribution of jaw pain is similar 
among the genders, dive instructors may have 
a greater prevalence of orofacial symptoms 
during a dive and molars may be more painful 
as a result of the diving conditions. For the 
dentist treating the diver, it may be meaning-
ful to record if any TMJ disorder exists or if 
the diver has experienced TMJ pain during 
a dive. It might be worthwhile to fabricate a 
customised mouthpiece for the patients’ diving 
regulator to maintain a more comfortable and 
stable jaw position during the dive. Treatment 
of teeth with decay and damaged restorations 
might help reduce the likelihood of experienc-
ing barotrauma. 
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