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Otological Complaints in Free Divers
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ABSTRACT

Objective: This study aimed to assess daily otological symptoms of participants during
a 10-day course of free diving, thereby determining their ear equalization rates and
revealing differences on course days; moreover, the importance of Valsalva maneuver
is evaluated.

Materials and methods: Daily examination data were collected from divers with
normal physical examination and respiratory function tests during a 10-day diving
course. During the study, a 3 m dive was performed on the first day; a 5 m dive on the
second day; a 7 m dive on the third day; an 8 m dive on the fifth day; and 10 m dives on
the 6th, 7th and 8th days. Each of the 29 participants who received the diving course
were interrogated for their ability to make pressure equalization in both ears, eye pain,
tooth ache, and palpitations. It was also assessed whether subjects having ear
pressure equalization problems could solve their problem, and the ways by which the
participants could solve their problems. A p value of <0.05 was considered to be
statistically significant.

Results: A comparison between the first day and the second, third, fifth, sixth, and
eighth days with respect to comfort in diving revealed significant differences (p<0.05).
No significant differences were found in otological symptoms with regard to smoking in
any of the seven different diving days (p>0.05).

Conclusions: The training of freedivers with repetitive dives can provide effective
learning of the Valsalva maneuver and thus reduce autological symptoms.

Keywords: Free diving, eustachian tube, barotrauma, ear diseases
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Amagc: Bu calismada 10 ginlik serbest dalis sirasinda katilimcilarin gunlik otolojik
semptomlarinin  degerlendirilerek, kulak esitleme oranlarinin, kurs glnlerindeki
farkhhklarinin  ortaya konulmasi, ayrica Valsalva manevrasinin  éneminin
degerlendirilmesi amaclandi.

Gerec ve Yéntemler: Fizik muayenesi ve solunum fonksiyon testleri normal sinirlarda
olan serbest dalicilarda 10 ginlik dahs egitimi sirasinda ginlik muayene verileri
toplandi. Calisma sirasinda 1. giin 3 m, 2. giin 5m, 3. gin 7 m, 5. gin 8 m, 6., 7. ve 8.
glnlerde ise 10 m dahs gergeklestirildi. On giinlik bir stire boyunca dalis egitimi verilen
29 katimeinin her bir dahs giiniinde her iki kulakta basing esitlemesi
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yapip yapamadiklari, géz agrilari, dig agrilari ve carpinti hislerinin olup olmadigi sorgulandi. Kulakta basin¢ esitleme
problemi yasayanlarin bu sorunlari ¢ézip ¢ézemedikleri, kulakta basing esitleme sorunu ¢ézebilenlerin ¢6zim yollari
degerlendirildi. Gruplar arasindaki verilerin karsilagtirmasi ki-kare ve T-testleri kullanilarak yapildi. P<0.05 degerleri

istatistiksel olarak anlamli kabul edildi.

Bulgular: Dalis yapilan ilk gin ile 2., 3., 5., 6. ve 8. guinler arasinda daliglardaki rahatlik agisindan incelendiginde
istatistiksel olarak anlamli farkliliklar izlendi (p<0.05). Dalis yapilan yedi farkli ginde de sigara kullanimi ile otolojik
yakinmalardaki siklik agisindan istatistiksel olarak anlamli sonuglar bulunmadi (p>0.05).

Sonug: Sonug olarak, serbest dalis sporcularinin egitimlerinin tekrarlayan daliglarla yapiimasi Valsalva manevrasinin
etkin 6grenilmesini ve bdylece otolojik semptomlarin azalmasini saglayabilmektedir.

Anahtar Soézciikler: Serbest dalig, éstaki tipu, barotravma, kulak hastaliklari
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INTRODUCTION

Water sports are progressing rapidly nowadays.
Among them, the diving branch has been at-
tracting a great deal of attention, and the num-
ber of persons willing to get diving courses has
been rapidly expanding in recent years. The ef-
fects of diving on human physiology, pathologi-
cal conditions associated with the branch, and
diving safety during diving courses have been
studied (1). The most common disorder among
divers is middle ear barotrauma, reported to
occur between 30 to 46% in studies (2,3). It
usually emerges during descent, when the eu-
stachian tube does not allow air entry into the
middle ear to equalize the pressure gradient
with the middle ear (4,5). This generally occurs
when appropriate equalization techniques are
not used or when upper respiratory infections
are present, allergic rhinitis and/or anatomic
deformities or variations prevail (6,7). Studies
have reported that an additional 23 mmHg pres-
sure per 30 cm diving is born by the tympanic
membrane. Thanks to some maneuvers used
during diving, excess pressure and the added
pressure burden can be reduced. When pressure
equalization begins in the first few meters of
diving, a more comfortable diving experience
can be achieved (8,9).

Most divers are instructed to perform the
Valsalva maneuver to equalize middle ear pres-
sure during descent (10). When such equaliza-
tion cannot be done due to any reason, a pres-
sure gradient of approximately 90 mmHg starts
to build up after the first few meters. This pres-
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sure gradient leads to eustachian tube collapse,
which in turn renders pressure equalization im-
possible despite performing available maneu-
vers (6). As the pressure gradient increases and
when the diving depth reaches an average of 1.5
m, the risk of tympanic membrane perforation
significantly increases (11).

Tympanic membrane may be ruptured in most
severe forms; this type of injury may cause se-
vere vertigo; and, as a result of disorientation,
may threaten life secondary to caloric stimula-
tion exerted by cold water entering the middle
ear (3). Barotrauma affecting middle ear may
also cause tinnitus, vertigo, nausea, and hearing
loss (3,12).

Herein, we aimed to investigate daily otological
symptoms of the participants during a 10-day
free diving course to reveal divers’ ear equaliza-
tion rates and the differences between the
course days. It was also aimed to question
smoking status to determine the effect of smok-
ing on ear equalization rates. In addition, as the
number of dives and the duration of dives in-
creased, it is hypothesized that athletes learn
the Valsalva maneuver more effectively, and
that a positive effect results in terms of decreas-
ing otologic complaints.

MATERIALS AND METHODS

The study was approved by the clinical research
local ethics committee (decree No:19). The work
included patients with normal physical exami-
nation and respiratory function tests. Their daily
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examination data were collected during a 10-
day diving course in at a seawater temperature
of approximately 19-20°C, in still water, and un-
der arid weather conditions. Weather conditions
allowed diving activity only on seven days of the
10-day course, and only data pertaining to those
days were analyzed. The participants under-
went a general systemic examination including a
detailed otorhinolaryngological examination
each day they dove. The divers who were diag-
nosed with a condition precluding diving or who
stated that he or she could not tolerate diving
were not allowed to dive. During the diving
course, participants were told to perform
Valsalva maneuver to equalize pressure in both
ears at each 1-m depth. During the study the
participants dove 3 m on the first day, 5 m on
the second day and 7 m on the third day. As
weather conditions were unfavorable, diving
was cancelled on the fourth day. An 8 m dive
was performed on the fifth day and a 10 m dive
on the sixth, seventh and eighth days. Diving
activities were withheld on the ninth and tenth
days due to unfavorable weather conditions.

The study questioned whether the 29 partici-
pants who received the diving course for a 10-
day period could perform pressure equalization
in both ears on every diving day, and whether
they had eye pain, toothache, or palpitations. It
was also assessed if those who experienced
problems with ear pressure equalization solved
their problems; as well as how those who solved
their problems did so. The participants were
evaluated by an otorhinolaryngologist and a
general systemic examination after each diving
activity.

Statistical analysis

Statistical analyses were performed using SPSS
for Windows 18.0 (Chicago, IL) software pack-
age. Descriptive statistics included
mean#standard deviation for normally distrib-
uted variables. Inter-group comparisons of the
variables were performed using the chi-square
and T-tests. A p value <0.05 was considered to
be statistically significant.
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RESULTS

This study enrolled a total of 29 participants of
whom 17 (58.6%) were males and 12 (41.4%)
were females. The age range of the study popu-
lation was 21.7+4.4 (min: 16- max: 34) years.
The mean height was 174.5+7.9 (min: 163, max.
185) cm and the mean body weight was
70.2+12.6 (min: 52, max: 100) kg. The mean
pulse rate measured immediately prior to diving
on the first day of course was 74.6+9.6 (min: 60,
max: 98) bpm, and the mean saturation was
97+2 (min: 88, max: 99) %. Three (10.3%) par-
ticipants had engaged in water sports for about
a year. two (6.8%) participants for about 1.5
years. one (3.4%) participant for about two
years. and 23 (79.3%) participants for about
four months. Questioning the participants about
history of deep diving activity revealed that 18
(62.1%) participants had not engaged in deep
diving, but 11 (37.9%) had engaged in such ac-
tivity. When smoking rates of the participants
were evaluated, it was determined that only one
in 29 participants (3.4%) started smoking three
years ago and used 1 pack of cigarettes per
week.

On the first day of the course, the participants
performed a mean of 7.8+2.6 (min: 4- max: 15)
dives. The participants stated that a mean of
6.1+3.5 (min: 0, max: 15) dives were comforta-
ble and free of ear pain, obstruction, or any oth-
er irritating symptom. It was noted that partici-
pants performed a given number of dives on the
first day. On the second day all participants stat-
ed that they could perform diving, and none of
them were found to have any condition that
would cancel diving. On the second day of the
course program the participants performed a
mean of 8.8+3.8 (min: 5, max: 20) dives. The
participants stated that a mean of 8.3+4.3 (min:
0, max: 20) dives were comfortable and free of
ear pain, obstruction, or any other irritating
symptom. On the third day of the course all par-
ticipants also stated that they could perform
diving, and none of them were found to have
any condition that would cause cancellation of
diving. Participants performed a mean of
8.7+2.9 (min: 6, max: 20) dives on the third day.
They stated that a mean of 7.8+3.8 (min: 1, max:
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20) dives were comfortable and free of ear pain,
obstruction, or any other irritating symptom.

An otolaryngological examination on the fifth
day of the course revealed thickening of tym-
panic membranes and otitis media with minimal
acute effusion in five patients. A participant was
found to have reduced breath sounds over the
lower lung zones on auscultation. A chest X-ray
showed pneumotic consolidation, for which
treatment was begun and that participant’s
dives were cancelled. A participant that devel-
oped pneumonia and four participants that de-
veloped acute serous otitis media and who stat-
ed that they would not tolerate diving were ex-
cluded from the program. On the fifth day, the
dives continued with 24 participants. A mean of
8.4+2.7 (min: 5, max: nl5) dives were per-
formed. The participants stated that a mean of
7.9£3.2 (min: 2, max: 15) dives were comforta-
ble and free of ear pain, obstruction, or any oth-
er irritating symptom. On the sixth day of the
course two of the four participants that had not
dived due to otological symptoms stated that
they could dive; so, on the sixth day the diving
program continued with 26 participants. A
mean of 8.2+1.6 (min: 5, max: 10) dives were
performed. The participants stated that a mean
of 7.9+2.0 (min: 3, max: 10) dives were comfort-
able and free of ear pain, obstruction, or any
other irritating symptom.

On the seventh day of the course, the two partic-
ipants who could not dive on the sixth day due
to otological symptoms stated that they could
dive. However, as one was diagnosed with an
acute central perforation at the lower quadrant
of the right tympanic membrane on otolaryngo-
logical examination, he was excluded from the
diving program. He was hospitalized and un-
derwent perforation repair with vector paper
under local anesthesia. On the seventh day, the
diving program was continued with 27 partici-
pants. A mean of 7.3+2.1 (min: 4, max: 10) dives
were performed. Participants stated that a mean
of 6.6+2.8 (min: 2, max: 10) dives were comfort-
able and free of ear pain, obstruction, or any
other irritating symptom.

Otological Complaints in Free Divers

On the eighth day of the course, a participant
suffered respiratory difficulty. A chest X-ray re-
vealed a pneumotic consolidation in the lower
lobe of the right lung, and the participant was
excluded from the diving program. Further-
more, the diving program of seven subjects were
cancelled, including one with tympanic mem-
brane perforation, four participants with acute
serous otitis media whom stated that they could
not tolerate diving in the eighth day, and a par-
ticipant that received therapy for pneumonia.
So, on the eighth day the diving program was
completed with 22 participants.

On the eighth day a mean of 8.3+1.7 (min: 4,
max: 12) dives were performed. Participants
stated that a mean of 7.6+2.6 (min: 1, max: 12)
dives were comfortable and free of ear pain, ob-
struction, or any other irritating symptom (Ta-
bles 1 and 2).

Table 1. Mean daily number of comfortable
dives

Day N Number of dives p
Day 1 29 6,14+3,482 (0-15)

Day 2 29 8,34+4,295 (0-20) 0.001
Day 3 29 7,763,842 (1-20) 0.025
Day 5 24 7,96+3,210 (2-15) 0.008
Day 6 26 7,922,038 (3-10) 0.018
Day 7 27 6,63%2,844 (2-10) 0.261
Day 8 22 7,642,629 (1-12) 0.036
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Number of dives as mean+ SD (min-max); p: comparison
with day 1

An assessment of the otological symptoms of the
participants on the diving days revealed that on
the first day 16 (55%) participants had otologi-
cal symptoms, whereas 13 (45%) participants
had no symptoms. The number of participants
with otological symptoms was 6 (21%) on the
second day; 6 (21%) on the third day; 4 (14%)
on the fifth day; 3 (10%) on the sixth day; 5
(17%) on the seventh day; and 4 (14%) on the
eighth day.
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Table 2. Health problems encountered during the course

N %
No pathological condition 20 68.9
Acute serous otitis media on the third day 6 20.9
Pneumotic consolidation in the lower lobe of the left lung 1 3.4
Tympanic membrane perforation on the seventh day 1 3.4
Pneumotic consolidation in the lower lobe of the right lung 1 3.4
Total 29 100.0

An analysis of the ability of solving otological
problems with the Valsalva maneuver revealed
that the problem was solved in 10 (63%) of
those with otological symptoms on the first day;

3 (50%) on the second day; 4 (67%) on the third
day; 2 (50%) on the fifth day; 0 (0%) on the
sixth day; 3 (60%) on the seventh day; and 1
(25%) on the eighth day (Table 3).

Table 3. Daily rates of occurrence and solution of otological symptoms during diving activity

Day Symptom present Symptom absent Valsalva maneuver
solution rate
N % N % N %
Day 1 16 55 13 45 10 63
Day 2 6 21 23 79 50
Day 3 6 21 23 79 4 67
Day 4 No diving activity *
Day 5 4 14 25 86 2 50
Day 6 3 10 26 89 0 0
Day 7 5 17 24 83 3 60
Day 8 4 14 25 86 1 25

The difference between the diving days with
respect to diving comfort in terms of freedom
from otological symptoms during the 10-day
free diving course was also analyzed. There
were no significant differences between the
days (p>0.05) (Table 4).

The effect of smoking on otological symptoms
during dives was also statistically analyzed. No
statistically significant results were found with
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regard to smoking and the frequency of otologi-
cal symptoms on any of the seven diving days
(p>0.05). Moreover, all participants were ques-
tioned about palpitations for ruling out cardiac
pathological conditions, diving mask-related eye
pain, and tooth pain considered as a sign of ba-
rotrauma. These three symptoms were not pre-
sent in any participant.
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Table 4. Daily rates of ontological symptoms by smoking status

Otological symptoms

Day Smoking Yes No Total p
Yes 1 0 1

Day 1 No 15 13 28 0.359
Total 16 13 29
Yes 1 0 1

Day 2 No 5 23 28 0.207
Total 6 23 29
Yes 1 0 1

Day 3 No 5 23 28 0.207
Total 6 23 29
Yes 0 0 0

Day 5 No 4 20 24 0.091
Total 4 20 24
Yes 1 0 1

Day 6 No 2 24 26 0.087
Total 3 24 26
Yes 1 0 1

Day 7 No 4 22 26 0.158
Total 5 22 27
Yes 0 0 0

Day 8 No 4 18 22 0.228
Total 4 18 22

DISCUSSION logical symptoms may be limited on consecutive

Ears are the most severely affected organs by
braotrauma. Divers avoid injury by equalizing
air pressure in the middle ear using their eus-
tachian tubes. They keep middle ear pressure
equal to ambient pressure (2).

In our study the rate of otological symptoms
was 55% on the first day of the course program,
but it dropped to 14% at the 8th day. However,
an analysis of the tolerability of otological symp-
toms by the Valsalva maneuver revealed that
although the participants could ease their oto-
logical symptoms at a rate of 63% on the first
day of the course, only 25% of the otological
complaints could be compensated for at the 8th
day. This indicates that compensability of oto-
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diving days. Furthermore, the study displayed a
significantly higher rate of comfortable diving
on subsequent days of the diving course com-
pared with the first day.

Although comfortable diving rates were higher
than that of the first day, tolerability or control-
lability of otological complaints were lower in
consecutive diving days. In a study comprising
23 participants, exposure to repeated pressure
in freshwater dives for three consecutive days
caused a negative shift in middle ear peak pres-
sure. The same study also showed that the less
experienced divers had significantly higher
middle ear peak pressure and higher-pressure
differences. Middle ear pressure values were
found to be less in those who had been diving
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for two years. A higher middle ear pressure was
linked to a higher prevalence of barotrauma
(13).

In another study, a total of 437 dives were per-
formed by 28 participants in a six-day camping
program. A positive change in middle ear pres-
sure was more prominent on the third day com-
pared to the first. Divers with barotrauma dis-
played significantly lower tympanometric peak
pressure compared to divers with normal oto-
scopic findings. This study concluded that re-
peated, multi-day dives promoted middle ear
pressure equilization and significantly lowered
peak pressure (excess pressure) in the tympa-
nogram. The deepest changes were reported
among divers with low or moderate experience
(14). We diagnosed otitis media effusion of dif-
ferent levels in six participants on the third day
of the course program. Participants with serous
otitis media had their conditions progressed de-
spite treatment on consecutive diving days. This
shows us that in divers with serous otitis media,
diving activity should definitely be paused in
addition to initiating treatment.

Some epidemiological evidences have revealed
the middle ear mucociliary system to play a sig-
nificant role in clearing middle ear effusions.
However, it is already known that exposure to
tobacco smoking plays an important role in the
persistence of middle ear effusion among pa-
tients with normal mucociliary function. In a
study comprising 33 patients, smokers had sig-
nificantly lower mucociliary function in the
middle ear (15). Another study demonstrated
that tobacco smoking negatively affected eusta-
chian tube functions (16). While the acute effect
of smoking is on the mucociliary system, the
chronic effect is on hearing. A patient's inability
to perform the Valsalva maneuver is not signifi-
cantly associated with smoking(17). Many stu-
dies have shown that the amount and duration
of smoking (>5 years) are correlated with hea-
ring loss, especially in sensorineural type
(18,19,20). Herein, we could not detect any sig-
nificant effect of smoking on otological symp-
toms through altered middle ear functions while
diving on any of the eight diving days.
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It has been shown that, repetitive, multi-day di-
ving led to significantly decreased compliance
and increased regular tympanometry peak pres-
sure (overpressure) in the middle ear and that
the most profound changes were observed in
less and intermediately experienced scuba di-
vers (14). In another study that investigated the
influence of repetitive scuba diving in fresh
water on middle ear mucosa, it was found that
middle ear barotrauma prevalence increased
with the cumulative number of dives per day.
The major risk factors were diving depth and
diving experience (21).

Studies on this subject are concerned with scuba
divers. In our study, free diving took place.
Technically, free divers are faster exposed to
pressure, but much shorter. Therefore, the fast
and effective use of the Valsalva maneuver may
be more important. In our study, we relate the
reduction of otologic complaints with repetitive
dives to a good training in Valsalva and to the
increase in experience with repetitive dives. As
far as we can establish, this is a first study on the
effect of Vvalsalva maneuver on otolaryngeal
complaints in freedivers.

The limitation to the study is the absence of
tympanometric assessment in addition to oto-
logical examination on diving days. Further-
more, performing tympanometric assessments
before and immediately after diving, and com-
paring differences in-between, different results
may be attained. Studies using tube manometers
for a detailed assessment of eustachian tube
suggest that knowledge and experience in this
field may be increased.

In conclusion, diving-related health problems of
divers can be more rapidly and effectively man-
aged by assessing detailed physical examination
findings and providing necessary treatment and
equipment. We think that evaluation of eusta-
chian dysfunction before diving will play an ef-
fective role in preventing otological complica-
tions during and after dives. Otological symp-
toms can be more effectively managed by in-
structing divers on how and when to perform
necessary maneuvers in an appropriate manner.
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