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ABSTRACT

External auditory canal exostosis (EACE), also known as surfer's ear, is a bone tissue disturbance in the outer ear, mainly
caused by overexposure to cold temperatures. Considering that people who practice water sports such as surfing and
bodyboarding on the Pacific coast are exposed to waters at temperatures between 12-16 °C, this study aimed to determine the
prevalence and severity of EACE in surfers and bodyboarders from Refiaca and Concén, two coastal cities in the southern
Pacific Ocean, during the year 2018. An EAC evaluation was carried out through video otoscopy on 67 people (134 ear canals)
who practiced surfing and bodyboarding on the beaches of Refiaca and Concon, and a questionnaire was used to collect
information about their practice habits. As a result, an EACE prevalence of 77.6% was found, with 61.2% being bilateral and
16.4% unilateral. Additionally, it was observed that 62.3% of the participants do not use ear protection. Based on these
findings, it is possible to conclude that there is a high prevalence of EACE in surfers and bodyboarders from the central coast
of Chile, which should alert both the population of people who practice these water sports and the professionals who work
with auditory health of the necessity to promote a healthy lifestyle in this population.

Prevalencia de la exostosis del conducto auditivo externo entre practicantes de surf
y bodyboard en la costa central de Chile

RESUMEN

La exostosis del conducto auditivo externo (ECAE), también conocida como oido de surfista, es una alteracion del tejido 6seo
del oido externo, principalmente causada debido a la sobrexposicion al frio. Considerando que los practicantes de deportes
acuaticos como el surf y bodyboard de las costas del pacifico sur se exponen a aguas con temperaturas entre 12-16 °C, se
busca determinar, en este estudio, la prevalencia y grado de ECAE en practicantes de surf y bodyboard de las localidades de
Refiaca y Concon durante el afio 2018. Se realizd una evaluacion del CAE mediante video-otoscopia a 67 personas (134 oidos)
practicantes de surf y bodyboard de las playas de Refiaca y Concdn, y se les aplicd un cuestionario respecto a sus habitos de
préctica. Como resultado, se observé una prevalencia de ECAE del 77,6%, siendo el 61,2% ECAE bilateral y el 16,4% ECAE
unilateral. Se pudo determinar, ademas, que el 62,3% de los participantes no usa protecciones. A partir de estos hallazgos, es
posible concluir que existe una alta prevalencia de la ECAE en practicantes de surf y bodyboard en las costas centrales
chilenas, lo que deberia alertar tanto a la poblacién practicante como a profesionales de la salud auditiva con el fin de promover
una vida saludable en esta poblacion.
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Prevalence of External Auditory Canal Exostosis among Surfers and Bodyboarders from the Central Coast of Chile

INTRODUCTION

External auditory canal exostosis (EACE), also known as surfer's
ear, is characterized by the presence of benign bone
neoformations, generally bilateral and with a broad base, on the
anterior and posterior walls of the external auditory canal (Altuna
Mariezkurrena et al., 2004; Landefeld et al., 2022; Simas et al.,
2016).

EACE has a high incidence in populations of athletes who are
exposed to water, reaching between 60% and 80% in surfers
(Attlmayr & Smith, 2015; Kroon et al., 2002; Lennon et al., 2016;
Nakanishi et al., 2011; Simas et al., 2019, 2021), 70% in kayakers
(Cooper et al., 2010; Moore et al., 2010), 75.1% in Kitesurfers
(Wegener etal., 2022), and exceeding 80% in divers (Azizi,
2011). This has been reported by athletes from different parts of
the world, for whom the common factor is permanent exposure of
the auditory canal to water (see Table 1).

Table 1. Prevalence of exostosis in surfers from different countries,
adapted from Lennon et al. (2016).

Authors Year N  Country Temp.(°C) %EACE
Lennon et al. 2014 119  Ireland 8-15 66
Nakanishi et al. 2011 373  Japan 16-19 59.8
Altuna et al. 2004 42 Spain 12-19 61
Hurst et al. 2004 111 Australia 13-19 76
Kroon et al. 2002 33 USA <155 63
Kroon et al. 2002 169 USA >15.5 31
Wong et al. 1999 307 USA 735
Chaplin and New

StevSart 1998 92 Zealand 10-24 3
Deleyiannisetal. 1996 30 USA 6-15 70
Umeda et al. 1989 51 Japan 9.5-14.5 80

N: Number of participants in the study; Country: location where the study took
place; Temp.: Temperature of the sea.

Regarding the etiopathogenesis of surfer's ear, two hypotheses can
be found. One proposes that the irritation occurring in the EAC
due to repeated and prolonged contact with cold water stimulates
osteoblastic activity, which leads to bone growth that results in
EACE (Wong et al., 1999). The other links EACE to an increase
in BMPs (bone morphogenetic proteins), a growth factor that
stimulates bone formation in the presence of mechanical stress
(Chen et al., 2004; Sato et al., 1999).
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It should be noted that, regardless of its etiopathogenesis, the
gradual growth of bone typically observed in EACE is initially
asymptomatic, therefore, it is not usually detected at early stages.
On the other hand, the treatment for severe EACE is surgical
(Altuna Mariezkurrena et al., 2006; Wong et al., 1999), implying,
among other measures, that the person must stop their water
activities for at least 3 months after surgery. It is for this reason
that early detection, and even more so prevention, are key. In this
sense, it has been shown that the use of ear protection is effective
in reducing the development of EACE in surfers (Lambert et al.,
2021).

The Valparaiso Region is one of the southernmost areas of the
planet (located between parallels 32-33° south latitude in the
Pacific Ocean) where water sports such as surfing and
bodyboarding have become popular. According to the Chilean
Navy Hydrographic  Oceanographic  Service  (Servicio
Hidrografico Oceanografico de la Armada, or SHOA), the Sea
Surface Temperature (SST) in the region does not exceed 16°C in
summer, while in winter it does not exceed 12°C. However, to
date, the prevalence of EACE in this low-temperature area is
unknown. The southernmost data known is of the prevalence of
EACE in surfers on the coast of Australia, located around parallel
28 south latitude, where the waters reach an SST above 19°C
(Simas et al., 2021).

Therefore, the purpose of the study is to determine the prevalence
of exostosis in the external auditory canal, as well as to identify
the use of ear protection during 2018 in surfers and bodyboarders
of one of the southern areas with the coldest waters to practice
these sports, particularly, the towns of Refiaca and Concon in the
Valparaiso Region, Chile.

MATERIALS AND METHODS

This is a descriptive, cross-sectional study, that follows a
quantitative approach. The research was carried out in accordance
with the Declaration of Helsinki, 2013, and approved by the
bioethics committee of the Faculty of Rehabilitation Sciences,
Andrés Bello University, document number A-053. Each
participant signed an informed consent prior to their participation.
In the case of participants under the age of 18 years, their parents
or guardians signed the assent and the authorization.
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Participants

Surfers and bodyboarders from the coastal towns of Refiaca and
Concon in the Valparaiso Region, Chile, were invited to
voluntarily participate in this study.

Inclusion and exclusion criteria

All volunteers who had more than one year of experience
practicing the sports consistently on the central coast of Chile
were included. Those who practiced regularly in other locations
and countries were excluded, as well as those who had earwax
blockages, a diagnosis of hereditary exostosis, or a history of
previous bilateral canaloplasty.

A total of 103 volunteers agreed to participate in the study, of
which 36 were excluded from the analysis according to the
exclusion criteria. Specifically, 9 of them were excluded for
presenting bilateral earwax plugs, 5 were excluded for being
underage and not obtaining their parents' or guardians' consent, 12
of them for having been practicing sports consistently for less than
one year, 3 for presenting hereditary EACE, 2 for having reported
a history of surgery for EACE (canaloplasty), 1 for practicing in
a different location, and 4 for not attending the video otoscopy.
The final sample was made up of a total of 67 practitioners (134
ear canals), 53 men and 14 women, with an average age of 31.15
+ 12.25 years, and an average number of accumulated days in the
water of 1,470.53 + 2,146.52, a value that was obtained by
multiplying the years of practice, by the number of days they
practiced per week, by months of the year (see Table 2).

Table 2. Characteristics of the participants.

Mean SD Mode Max. Min.
Age (years) 31.15 12.25 33 72 16
Years of 9.21 7.49 5 41 1
Practice
Accumulated o3 514552 720 13776 48
Days

SD: Standard deviation; Max.: Maximum observed value; Min.: Minimum
observed value.

Procedure

Each participant was given a questionnaire that allowed them to
identify their habits related to sports practice. Additionally, a
simple otoscopy was performed to rule out the presence of an
earwax blockage, which would hinder the diagnosis of EACE.
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Subsequently, the participants who did not present an earwax plug
underwent a video otoscopy in order to determine the presence of
EACE and its severity through direct observation. This was
carried out by an ENT doctor.

Questionnaire

The questionnaire was used to gather epidemiological data on the
habits of the participants. Specifically, it included questions such
as the time (in years) that they had been practicing the sport, the
frequency of their practice in days per week, and the months of
the year in which they practice. This information was used to
determine the cumulative time (in days) that they were exposed to
water. The methodology used was the one reported in the study
by Nakanishi et al. (2011), who created the Surfing Index to
estimate the exposure of the ears to water. This index consists of
multiplying the days per week, by the months per year, by the
years of surfing practice. Furthermore, the questionnaire included
an open question to ask about the use of ear protection, inquiring
about the type of protection (cap, earplugs, or both), the time of
use, and whether the use of protection was regular or not. Lastly,
the participants were asked about auditory symptoms they have
perceived as a result of practicing these water sports (see Figure
1).

Simple otoscopy and video otoscopy

The simple otoscopies were performed using a Riester® otoscope,
while video otoscopies were carried out with Interacoustics®
equipment. Both procedures were performed by a speech-
language therapist. As already mentioned, the purpose of the
simple otoscopy was to rule out the presence of earwax blockages,
and the video otoscopy was performed to determine the presence
and severity of EACE. To this end, an ENT doctor performed the
direct observation of the video otoscopy for each of the
participants. The Umeda classification was used to determine the
severity of EACE (Umeda etal., 1989). This classification has
been used in previous studies on surfers (Altuna Mariezkurrena
etal., 2004; Kroon etal., 2002; Nakanishi etal., 2011; Wong
et al., 1999) because it distinguishes between different degrees of
EACE, expressing them in percentage of obstruction, from
absence (0%), grade | or mild (<25%), moderate Il and Il
(subdivided into moderate minus [-] (26-50%) and moderate plus
[+ 1 (51-75%), and grade IV or severe (> 76%) (see Table 3).

Statistical analysis

Once the data were obtained, they were tabulated using a
Microsoft Office® 2013 Excel spreadsheet, in order to analyze
them through descriptive statistics. The cases of EACE were



Prevalence of External Auditory Canal Exostosis among Surfers and Bodyboarders from the Central Coast of Chile

separated by laterality. This means that percentage, mean,
standard deviation, and maximum and minimum values observed
were determined for the left and right ears.

Surf and bodyboard practice questionnaire

Age: __ Years

Sex: M -F

Time (days - months - years) practicing the sport:

Time of the year in which you practice the sport more frequently:

Number of days per week that you practice the sport:

Hours of practice per day:

Times during the day in which you practice the sport: Morning —
Afternoon — Both
Location(s) in which you practice the

sport:

Number of years practicing in said
location:

Use of ear protection:

-Type:

- Uni o Bilateral:

-Time of use:

History of hereditary exostosis: Yes — No

Episodes of otitis: Yes — No

Hearing loss sensation: Yes — No

Sensation of ringing in the ears due to practicing the sport:
Yes — No

Previous surgical interventions: Yes — No

Other:

Figure 1. Surf and bodyboard practice questionnaire.
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Table 3. Classification of the EACE into categories, degrees, and
percentages of obstruction.

Degrees of EACE
% EAC

Classification

Letters Umeda Category Obstruction Image
A | Absence of EACE 0 O
B I Mild <25 O
C 1] Moderate (-) 26-50 0
D v Moderate (+) 51-75 ‘)
E \% Severe >76 e
RESULTS

Video otoscopy: Presence of EACE and degree of severity

Regarding the presence of EACE, 57 of the 67 volunteers
evaluated (77.61% of the sample) presented some degree of
exostosis, while only 15 of them showed an absence of EACE in
both ears (see Figure 2). Of the 52 participants with EACE, 41
(61.2%) presented bilateral EACE and 11 (16.4%) unilateral
EACE; 5 (7.5%) in the right ear, and 6 (8.9%) in the left ear. When
analyzing the cases independently by ear, it was observed that 93
of the 134 ears (69.4%) presented some degree of EACE, with 46
of them (68%) showing signs of exostosis in the right ear and 47
(70.1%) in the left ear (see Table 4).

Table 4. Degrees of EACE severity in the right ear (AD) and left ear
(AS).

Degree of EACE AD EACE AS EACE
Letter Number n° % n° %
A 0 21 33.33 20 30.43
B | 19 27.53 23 33.33
C 1 14 20.28 14.49
D 1] 4 5.79 8 11.59
E v 9 13.04 10.14
EACE Sum 67 100.0 67 100.0
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Grade 1

Grade 2

Grade 3 Grade 4

Figure 2. Examples of the different degrees of EACE observed in this study.

Prophylactic measures

Regarding protection measures, 41 of the 67 volunteers (61.19%)
reported not using any type of protection, while 26 participants
(38.8%) referred using some type of protection irregularly during
their sports practice. Of those 26, 11 mentioned wearing earplugs
bilaterally, 4 wore a cap and earplugs, and 11 wore a cap only.
Regarding the presence of EACE, 31 of the 41 participants who
did not use protection (75.6%) had developed EACE, while 21 of
the 26 that used protection (80.7%) developed the condition (see
Table 5).

Table 5. Use of ear protection and development of EACE.

Protection EACE No EACE Total
Uses 21 5 26
Does not Use 31 10 41
Total 52 15 67

Auditory symptoms of the participants

Concerning the auditory symptoms reported by the surfers and
bodyboarders in this study, the most frequent was the sensation of
ear fullness, which was reported by 56.5% of the volunteers,
followed by ringing or tinnitus, reported by 37.7 % of the
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participants and, in third place, a sensation of hearing loss, which
was mentioned by 26.1% of the volunteers.

DISCUSSION

This study aimed to determine the prevalence and severity of
EACE in surfers and bodyboarders from the southern coasts of the
Pacific Ocean, where one of the coldest waters is found for
practicing these sports. The prevalence of EACE in the central
coast of Chile that was found in this study was 77.6%, with 61.2%
being bilateral. In the cases where EACE was unilateral, a similar
frequency was observed for the left and right ears. In addition,
62% of the participants reported not using ear protection.

It is noteworthy that the prevalence of EACE found in this
research is similar to that observed in athletes from other coasts
of the world. This is the case of Australia, where prevalences of
76% (Hurst et al., 2004) and 71.8% (Simas et al., 2021), have
been reported; the United States, with a prevalence of 73.5%
(Wong et al., 1999), and New Zealand, with a prevalence of 73%
(Chaplin & Stewart, 1998). The incidence found in the present
study has only been surpassed by the 80% prevalence of EACE in
Japanese surfers, reported three decades ago by the team of
Umeda et al. (1989), where the SST is similar to that of the coasts
of central Chile.

It should be highlighted that the highest prevalences of EACE
reported in the literature are found in southern latitudes, where the
SST is similar to the temperature of the water off the coast of
Valparaiso in the southern Pacific Ocean, albeit only in winter.
This suggests that water temperature is a crucial factor in the
development of EACE. It is particularly relevant that, on the
coasts of Japan, reports show a decrease in the prevalence of
EACE in surfers, from 80% in 1989 (Umeda et al., 1989) to 60%
in 2011 (Nakanishi etal., 2011). Although the cause of this
decrease is not clear, it should be noted that the entire population
of professional surfers who participated in the study by Nakanishi
etal. (2011) reported using ear protection, while in the study by
Umeda et al. (1989), this information was unclear. The use of
protection by Japanese surfers may have influenced the reduction
in the prevalence of EACE. In this regard, a recent study by
Lambert et al. (2021) shows that the use of earplugs prevents the
development of EACE, compared to using a cap (Lambert et al.,
2021). Considering that the SSTs of the coasts of Japan and
central Chile are similar, an attempt could be made to reduce the
prevalence of EACE by educating athletes who are exposed to
cold waters about the proper use of ear protection.
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We must emphasize that the use of prevention measures among
the participants of this study was significantly low and
inconsistent. This is noteworthy due to the evidence that the use
of earplugs would be the most efficient method to insulate the ear
canals from exposure to cold, thus managing to prevent the
development of EACE (Lambert etal., 2021). A possible
explanation for the low percentage of practitioners using
protection is provided by Srinivasan et al. (2012), who mention
that athletes refer that using ear protection affects their hearing,
producing disturbances in spatial orientation. Thus, the high
percentage of surfers who do not use protection in this study could
be explained by fear of reducing their perception of the natural
environmental sounds, which they use to orient themselves, or due
to ignorance of the effects of using or not using protection while
surfing.

Table 6. Ranking of the 10 countries with the highest published
prevalences of EACE.

Ranking % EACE Country Author Year
1 80 Japan  Umeda et al. 1989
2 77.6 Chile  Orellana et al. 2022
3 76 AUS Hurst et al. 2004
4 73.5 USA  Wongetal. 1999
5 73 NZ Chaplin & Stewart 1998
6 71.8 AUS Simas et al. 2021
7 66 Ireland  Lennon 2014
8 63.81 UK Attlmayr & Smith 2015
9 63 USA Kroon et al. 2002
10 61 Spain  Altunaetal. 2004

On the other hand, the high prevalence of EACE among people
who reported using protection (75.6%), which is similar to that of
those who did not use it (80.7%), is significant. This contradicts
the results of the study by Lambert et al. (2021), who observed a
lower prevalence of EACE in practitioners who used protection
specifically designed for surfing. This difference could be
explained by the inconsistent use of protection and the
heterogeneity in the type of protection used by the participants of
this study. It is therefore proposed that the high prevalence of
EACE observed in the participants of this research who use
protection does not necessarily contradict the aforementioned
evidence, but rather invites us to offer educational interventions
to this population, aimed at encouraging the correct use of ear
protection.
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In summary, there is a high prevalence of EACE in people who
practice water sports, and the treatment for this condition is
primarily surgical. On the other hand, the evidence shows that this
high prevalence could be reduced by increasing the use of ear
protection. It is for this reason that we consider it fundamental to
educate this population about existing prophylactic measures.
Specifically, it is crucial to insist on the use of hearing protection
that insulates ears from the cold as a way to prevent the main
triggering factor of EACE, but one that also provides mechanical
support to prevent the growth of bone tissue in the external
auditory canal. It seems that the use of earplugs could meet both
objectives: insulating the ears from the cold and providing
mechanical support to prevent bone growth. Furthermore,
earplugs are an accessible and economical option to be
implemented as a prophylactic measure (Lambert et al., 2021;
Lobo, 2015; Reddy et al., 2011). Future studies should focus on
demonstrating the role and differences in the use of ear protection
measures for the prevention of exostosis.

CONCLUSION

A high prevalence of EACE was found in surfers and
bodyboarders from the coasts of the southern Pacific Ocean who
participated in this study. This is the first report about the
prevalence of EACE in athletes who practice these sports
systematically in one of the coldest waters of the Pacific Ocean.
These findings invite us to familiarize ourselves with the
prevalence of this health condition in people who practice water
sports, in order to offer preventive recommendations for this
population.
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