Nakanishi et al

8l

Grade 2
18.0%

Grade 1
31.6%

Grade 1

Figure 1, Classification and prevalence of exostoses
(exemplification of right ear): grade 0, no visible exostosis; grade
I less than one-third obstruction: grade 2, between one-third and
two-third obstruction: grade 3, more than two-thirds obstruction.
Approximately 60% of surfers have some degree of exostoses.

earplugs. previous removal of exostoses, and direction of
stance on the surfboard.

All subjects were examined with a battery-powered record-
able otoscope (Welch-Allyn, Skancateles Falls, New York). Each
car was assigned to 4 grades according to the degree of the exter-
nal auditory canal obstruction due to exostoses (Figure 1),

Grade 0: no visible exostosis

Grade 1: less than one-third obstruction

Grade 2; between one-third and two-thirds obstruction
Grade 3: more than two-thirds obstruction

In cases of asynumetric exostoses, the grade was deter-
mined by whichever was the most severely affected side. To
predict the degree of exostosis formation, we have used a
surfing index: the product of the period (the number of years
swrfing) as an active surfer and the frequency (the number of
surfing days per week).

Although participants came from all over Japan, many
were from Chiba and Miyazaki prefectures. Both prefectures
have surfable coasts and are known as leading areas of surfing
in Japan. The mean sea surface temperature in the coldest
months is lower in Chiba (16°C) than Miyazaki (19°C), as is
the mean air temperature (Chiba, 6°C; Miyazaki, 8.5°C).
Subjects who reported surfing predominantly in Chiba were
considered cold-water surfers, whereas those who surfed
mainly in Miyazaki were considered warm-water surfers.

Statistical analysis was performed using analysis of vari-
ance, )f test, and Wilcoxon sum rank test. Statistical signifi-
cance was defined as a £ value <.05.

This study was approved by the institutional review board
of Miyazaki University.
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Table 1. Relationship between the Number of Years
Surfing and the Degree of Exostoses Formation

Number of Years as
Active Surfer {Number of Surfers)

Grade of

Exostoses 0-4 5-10 1{-1516-2021-25 226 Mean = SD
Grade 0 49 45 23 1 3 9 106+97
Grade | 17 32 3t 415 9 14 13683
Grade 2 [ 9 12 14 24 205492
Grade 3 0 4 7 6 9 8 204+ 7.7
Results

Prevalence of Exostoses

A wotal of 373 subjects completed both the examination and
questionnaires. There were 309 male surfers and 64 female
surfers. The mean ages of male and female surfers were 33.5
(SD, 10.7) and 31.4 (SD, 6.2) vears, and the mean number of
years spent surfing was 15.0 (SD, 10.0 years) and 9.9 (SD,
6.4) years, respectively. The number of participants from
Chiba (cold-water surfers) was 83 and from Miyazaki (warm-
water surfers) was 111, One subject had reccived surgical
treatment for exostoses on both ears.

Exostoses were found in 223 (59.8%) of 373 subjects. with
31.6% being grade 1, 19.0% being grade 2, and 9.1% being
grade 3 (Figure 1). The rclationship between the number of
years as an active surfer and the degree of exostosis formation
is shown in Table |. Generally, the number of subjects who
were defined as grade 0 decreased the longer the subject had
been an active surfer. Likewise, the prevalence of exostoses
increased with an increasing number of years surfing. Most
subjeets who had grade 2 or more severe exostoses were found
in the group of those whose surfing experience exceeded §
years. However, the number of years surfing does not seem to
correlate well with the severity of exostoses. Especially in the
group of those whose surfing experience exceeded 25 vears,
exostoses were not observed as was expected from the groups
with less surfing experience. In this group, the number of surf-
ing days per week was rather low. In contrast, subjects with
grade 2 or more severe exostoses and those whose number of
years was 5 to 10 years tended to have a higher frequency of
surfing days per week.

The relationship between the number of surfing days per
week and exostosis formation is shown in Table 2. The num-
ber of surfing days per week appears to be unrelated to the
severity of exostoses alone.

The relationship between exostoses and the surfing index is
shown in Table 3. The prevalence of exostoses from grade 1
to 3 increased with a higher surfing index compared with
grade 0 exostosis (P < .0001). Similarly, the prevalence of
grade 2 and 3 exostoses increased with a higher surfing index
compared with grade 1 exostoses (P = 013, P = 007).
However, pairwise comparisons showed no statistically sig-
nificant difference between grades 2 and 3. When the surfing
index was less than 10, grade. 3 exostoses were not observed.
Compared with both grade 0 and grade 1 exostoses, the
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Table 2. Relationship between the Number of Surfing Days per
Week and Exostoses Formation

Number of Surfing Days per Week

(Number of Surfers)
Grade of
Exostoses < 1€2 254 456 =6 Mean £ SD
Grade 0 5 32 32 15 2 29%22
Grade | 3 2 2 2 19 34+22
Grade 2 19 10 14 12 16 3523
Grade 3 3 9 8 ! {3 4.1 +£24

Table 3. Relationship between Exostoses and the Surfing Index

Score of Surfing Index (MNumber of Surfers)

. )
{ }
Grade of
Exostoses 1-10 11-20 21-40 4[-8 280 Mean :SD
Grade 0 W”‘ 60 24 21 32 12 314384
Grade | * 20 21 29 32 16 427 +39.1
NS 6 5 12 18 27 708 £59.1
-0 3 7 10 14 822+596

Abbreviation; NS, not significant P > .05,

*Significant, P < 0.01.

"Significant, P < 05,

FHiGignificant, P < 001 limited in grade 2 and 3 exostoses.

prevalence of grade 2 or more severe exostoses increased
when the surfing index exceeded 20 (P < .0001).

The average surfing index was 94.9 for 81 professional
surfers and 33,9 for 292 amateurs. Professional surfers tended
to have a greater surfing index than amateurs did. However,
there was little difference in exostosis formation between pro-
fessional surfers and amatewrs if the surfing index was equal.

In this study, most of the subjects were male, The incidence
of exostosis formation in females was not as great as in males,
even for professional female surfers. Males tended to exhibit
more severe exostoses than females did if the surfing index
was equal (P < .0001; Figure 2).

A total of 83 (21.4%) subjects were classified as predomi-
nantly cold-water surfers, whereas 111 (29.8%) were consid-
ered warm-water surfers, Grade 3 exostoses were more likely
1o be formed in cold-water surfers than in warm-water surfers
if the score of surfing index was equal but was not statistically
significant. On the other hand, grade 0 exostoses were more
frequently observed in warm-water surfers than in cold-water
surfers (P = (0.0497; Figure 3).

Analysis of Questionnaire

A total of 166 (44.5%) subjects were otologic symptom free,
In this study, the symptoms produced by exostoses are a dif-
ficulty to drain water from the ear after surfing, earache, tin-
nitus, hearing loss, and itching of the ear. Because symptoms
associated with exostoses, such as hearing loss, might be
masked in deaf swrfers, the subjects were assessed in 2

[ Digrade 0 [dgrade ! Clgraded  mgiaded |
30 ; H
o | |
& H
F
o
e 2 - S
E u —
o §
! | F
Q i H
~10 11-20  21~30 3140 4180
80
: =
£ 6o
S
5 ag
Mals 2 -
n=308 o 40
880
20— el | - .
© 40 b ANUUES [ I S — —
s . .

~10 1120 21-30 3140 41-80 81~
score of surling index

Figure 2, Difference between sexes: males tended to exhibit more
savere exostoses than did females with the same surfing index
score.

groups: 289 subjects with normal hearing and 84 subjects
with hearing loss (Figure 4). In the former group, the most
common symptom caused by exostoses was difficulty in
draining water from the external ear canal after surfing. This
symptom was found to occur frequently in subjects with
grade 2 or more severe exostoses (£ < 001). Correlations
between severity of exostosis and the other symptoms were
not found. Hearing loss was not an accompanying symptom
even in cases with grade 3 exostoses. Subjects with hearing
loss had symptoms such as earache and tinnitus, although,
interestingly, they seldom complained of difficulty in water
drainage from the external ear canal.

Although 323 of 373 people (86.6%) had beard about exos-
toses, only 89 surfers (23.9%) had ever used carplugs, and the
use of earplugs was more popular in professional surfers than
in amateur surfers. In this study, the use of carplugs was not
associated with a reduction in the degree of exostoses.

Laterality of Exostoses

In this study, more than 1 grade of difference between left
and right ears was observed in 102 (27.3%) subjects. A rela-
tionship between this difference of exostosis laterality and
the direction of stance on the surfboard was identified,
There are 2 kinds of standing stance on a surfboard. A surfer
with a regular stance places his or her left leg forward on the
board, whereas a surfer with a goofy stance places the right
leg forward. Among the 369 participants (4 body boarders
for whom this categorization of stance does not apply were
excluded), 304 subjects (82.4%; 293 right-handed, 11 lefi-
handed) used a regular stance and 635 subjects (17.6%; 49
right-handed, 16 left-handed) used a goofy stance. More
severe exostoses tended to be exhibited in the right ear
among those using the regular stance and in the left ear for
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Monthly mean sea surface temperature
of the Japanese coast in March 2009
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Figure 3. In Japan, the mean seawater temperature is lowest in March. Figure 3 shows the monthly mean sea surface temperature on the
Japanese coast in March 2009. Severe exostoses were more common in surfers from cold seawater areas,
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Figure 4. Symptoms of exostoses. When exostoses advanced
beyond grade 2, difficulty in draining water from the ear after
surfing tended to be exhibited in subjects with normal hearing. On
the other hand, the same complaint was rarely found in subjects
with hearing loss.

the goofy stance surfers (P = .0373; Figure 5). This same
laterality was found in subjects from Chiba and Mivazaki
prefectures.
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Figure 5. Laterality of exostoses. More than | grade of difference
between the left and right ears was observed in 102 (27.3%)
subjects. In these 102 subjects, exostoses tended to occur in the
right ear of those using a regular stance (left leg forward) and in
the lefc ear of those using a goofy stance (right leg forward).

Discussion

The prevalence of exostoses correlates with the number of
years as an active surfer (Table 1). However, subjects with
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grade 2 or more exostoses were Tound 1o the groups with only
5 vears of surfing experience. Uspally, avid surfers contmue
surfing for o long fime, and 3 years of surfing experience s
rolatively inexperienced. In this study, B2.0% of subjects had
been surfing for more than 5 vears, In sddition, there wers a
auenber of subjects with grade § exostoses whose swiing
experience exceeded 25 years, Therefore, it was thought 1o be
inappropriate to predict the formation of exostoses from only
the sumber of years spent surfing.

In this study, we used s surfing index to predict the relative
risk of exostosis formation. This surfing index was thought
reflect the cold-water exposure of swrfors better than only the
nurber of years surfing. Jo fapan, surfers with a surfing index
exceoding 20 are likely to have grade 2 or more severe exosto-
ses (Table 3). This relationship between the surfing index and
exostosis formation may vary acconding 1o the water tempera-
ture or other environmental factors. The reason most experi-
enced surfors did oot always have the severest form of exostoses
may be because of the amourt of surfing the subject dovs in the
winter, A number of avid surfors actually start or do o lot more
surfing when the water temperature beging (o warm up.

The shortest surfing experience of a professional susfer in
this study was 8 years. Usually, young professional surfors
surf 5 to 7 days cach week, so their surfing index may have
already exceeded 40 when they become professional surfers.
Furthermaore, it is not wncommen for them o swf several
times a day. Therefoee, they bave an extremely hugh number of
surfing sessions with comparatively few vears of experience.
In such cases, exostoses formation tends o remain rather Him-
ttod. Nonetheless, professional surfers whose surfing index
was less than 40 are likely to be classified in a higher surfing
index group in the near futwre, and they would be wise to exer-
cise caution to prevent exostosis formation.

These investigations were held in Mivazsk peefectre and
involved a mamber of local amateur surfers, However, many
Japanese professional surfers and top amateurs are based in
Chiba prefecture, and in this study, slmost half of the subjects
were from Chiba and Mivambki prefectures. When the surfing
index was equal, surfers from Chiba tended to have more
severe exostoses than Mivazaki surfers, and this was thought
to be caused by the lower seawater and atr temperature at their
home Jocation. Tt was previeusly reported that exostoses are
likely 1o form at low scawater temperatures,”™ and this same
result has been obtained in this study.

When comparing identical surfing index scores, males
tended to have more severs exostoses than females did. Male
predominance in exostoses has been reported in most reviews
of exostoses surgery and epidemiological stedies.™™'! The
canse of this sex difference is unknown, but factors such as
hormonal differences between the genders, the lepgth of time
spent per surf session, and the time of day the subject went
surfing may scoount for this difference.

The symptoms of exostoses were compared between sub-
jects with normal hearing and subjects with hearing loss. In
both groups, most subjects exhibited no symptons in the early
stages of exostoses. In the former group, the most common
symptom was difficulty in draining water from the e after
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surfing. This is the wost frequent tnitial symptom of exostoses
and causes quite 8 fow surfers to feel uneasy, However, withe
out severe hearing loss or earache, they seldom seek weate
ment. Diffioulty m dramving water from the cars was thought
1o waorsen if grade 2 or more severe exostoses fonmed. On the
other hasd, subjects with hearing loss had very fow symp-
torms, even in grade 3 exostoses. These subjects may have a
high threshold of symploms with exostoses.

While some previous studies have suggested a predilection
toward a particular ear in exostoses,™ " other studics have
shown no difference o severity between ears.™ In a study of
47 surfers in San Dicgo, King ot 01" explaimed that the greater
severity of exostoses in the right ear may be duc w the evapors-
tive cooling effect of the wind. They regarded the wind diree-
tion 88 a single parsmeter taken froms the aversge anmual wind
data. However, the wind direetion changes madically o a day, In
the momings, a cooler, offshore wind often blows before tumme
ing onshore as the land teropersture vises. Experienced surfers
take advantage of this cooler morming wind beeause i makes
the face of the waves clean for surfing. So it seems Inappropei-
ate 1o estimate the wind dirgetion that swrfer are exposed 1o
solely from the avernge anoual wind data. All previous reports
that found laternlity of exostoses noticed the predilection of the
vight ear. ™ In additfon, more than BO% of surfers use a regi-
lar stance. From this aspect, not only the evaporative effiect
from the wind but also the direction of stance way aceount for
the laterality of the exostoses. In this study, & relation between
the duection of stance and the laterality of cxostoses was
obaerved. While the reason severs exostoses tended 1o be exhib-
Hed at the right car among those using the regular stance and at
the left ear for the goofy stanece 1s unknown, it is possible that m
its early stages, exostoses may develop more severely on one
side based on environmental or other factors such as the diree-
tion of stance, the tme of day, and the use of o leash cord {a cord
that conpects the surfer's back foot to the surthoard to prevem
the board from drifting),

During the surfing boom that started in the 1990s in Japan,
a number of people of all ages centered their lives srovmd surf-
ing and surfed throughout the vear, Unlike the thermal insula-
tion provided by o high-performance wetsuit, the surfer's
external car canal is frequently exposed 1o the cold water.
Therefore, cases of severs exostoses thut need treatment are
expected 1o mcrease in the future, and otolaryngologists
should be concemerd as these cases become more common.
According to Umeda ¢f al,” exostoses were observed in 4] of
31 (80.4%) professional surfers and in 98 of 186 (32.7%)
amateurs as & result of external ear canal examinations per-
formed in 1986.° In this study, we observed g similar result of
exostoses in 66 of 81 (81.5%) professional surfers and in 157
of 292 (53 8%} amatenrs. However, the severity of the exosto-
ses for both professional and amatenr surfors that reached
approximately 50% obstruction of the external auditory canal
increased from 37% to 50.6% and from 12% to 21.9% in com-
parison with the previous report,

Only 24.9% of the subjects had ever wsed sarplugs,
although B4.9% of subjects knew about exostoses 1o some
degree, which seoms to indicate a Inck of sgwareness among

186



Mokarishi et of
surfers an how fo provent exostoses. 1t is not known exactly to
whit degree waler femperature causes exXostoses. However, a1
present, there is no other way 1o pravent exostoses other than
to use earplugs or some form of ear protection when surfing in
a relatively cold water mrea where a wetsuit is required for
surfing, Therefore, at the very least, the use of carplugs is rec-
ommended in cold wenther. In this study, the use of earplugs
wits not associated with a reduction in the degree of exostoses,
possibly because most surfers began to use earplugs afier they
already had sorme symptoms of exostoses.
Misunderstandings, inscouracies, and rumors concerning
complications caused by the treatment of exostoses have
spread fear among surfers. Bven if they bave w0 drain water
from the external car canal with cotion swabs afler every suef
session, they place priority on continuing surfing and seldom
present themselves 1o an otoluyngologist for reatment. I
exostoses require trealment, it is necessary (0 stop surfing for
8 certain period. So preventive publication about exostoses is
necessary, even though fow symptoms are exhibited st the
carly stages. Otolarvagologiss should realize their role is not
only in the treatment of exostoses but also in its prevention by
recommending the use of sarplugs to keep surfers” exicmal
auditory cansl free from exostoses for as long s possible.

Conclusion

As a result of 37 external auditory canal examinations con-
dusted on surfers in Japan, we found » $9.8% overall preva-
lence of exostoses and a positive association between the
score on the surfing index and the severity of exostoses.
Difficulty in disining waler from the external ear canal after
surfing was found to occur frequently in subjects with grade
2 or more severe exostoses. And when the surfing index
exceeded 20, grade 1 or more severe exostoses were likely to
be exhibited in the water temperature of Japun. Our findings
suggest that it is possible to assume the likelibood of cxosto-
ses formation from the surfing index, and this may be of help
to spread awareness of exostoses among surfiers.
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