
review offers an overview of the recent advances in the 
understanding of this condition, with a special focus on 
the etiology and physiopathology of this condition, the 
different surgical procedures and their outcomes, the 
risk factors for recurrence and the results of preventive 
measures. Finally, this review suggests the need for the 
otological surgeon to acquire a great deal of experience 
before undertaking surgical treatment of exostoses as 
it is a challenging operation and, besides expertise, 
demands great patience and extreme care in order to 
achieve good results.
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Core tip: Readers interested in aquatic sports medicine, 
otological procedures or bone lesions will find in this 
review a thorough summary of the most relevant 
aspects of ear canal exostoses, with a special focus on 
the major advances achieved in the knowledge of its 
etiology and pathophysiology, prevention and surgical 
therapy, and the challenges that remain and may guide 
research in the next few years and beyond, so that 
complications are minimized and the best outcomes are 
achieved.
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INTRODUCTION
Ear canal exostoses, also known as surfer’s ear, are 
bilateral, usually symmetric multiple bony growths 
occurring in the medial portion of the external 
auditory canal, just lateral to the tympanic membrane 
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Abstract
Ear canal exostoses are bilateral, usually symmetric 
multiple bony growths occurring in the medial portion 
of the external auditory canal. Also known as surfer’s 
ear, exostosis is thought to be a reactive process from 
repeated stimulation by cold water and is much more 
common than external auditory osteoma. Exostoses 
are usually asymptomatic and discovered on routine 
otoscopy. Indications for surgical treatment are 
recurrent otitis externa, hearing loss, otalgia and other 
conditions in which access medial to the exostoses is 
required. Surgery is not risk-free and postoperative 
complications are the most important factor for negative 
impact on the patient’s health-related quality of life. This 
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and medial to the sutures of the tympanic bone. 
Clinically, they are easily differentiated from the 
similar but less common external auditory osteoma, 
which is a unilateral, pedunculated lesion occurring 
mostly in the outer half of the ear canal, arising 
from the tympanosquamous or tympanomastoid 
suture lines. Histopathologically, however, there is no 
consensus regarding differentiation of exostoses from 
osteomas[1,2]. Histologic examination of exostoses 
reveals remodeled densely lamellar bone tissue 
superficially, running parallel to the periosteum, 
suggesting continued periodic apposition and deep to 
this, loosely compact and more vascular bone, less 
organized around fibrovascular channels[3].

Exostoses are usually asymptomatic and discovered 
on routine otoscopy. They have been described as a 
functional physiological organ in aquatic mammals 
like hooded seals[4]. Their prevalence in humans has 
been well studied among surfing populations as well 
as among people involved in other water activities 
such as kayaking, diving, swimming or sailing[5-12]. 
The prevalence of exostoses in coastal inhabitants is 
much higher than in valley or mountain inhabitants, 
with men much more affected than women[8]. This 
susceptibility among coastal populations or those 
engaged in water activities has also been studied 
in different ancient or prehistoric populations[13-17]. 
Although most cases do not present to medical care, 
when the stenosis caused by exostosis exceeds a 
certain limit, defined as greater than 80%, the patient 
may develop conductive hearing loss due to occlusion 
and other symptoms, usually recurrent wax retention, 
recurrent otitis externa with otalgia or tinnitus[18]. 
When these symptoms become bothersome and 
cannot be managed with medical treatment, surgical 
excision of exostosis is warranted. Surgery may also 
be necessary as an access path for treating other 
middle ear conditions such as otosclerosis or chronic 
suppurative otitis media.

ETIOLOGY 
Exostoses build up in various locations in the 
body as new subperiosteal bone is formed as a 
response to increased tension on the periosteum 
that induces osteoblastic activity. Prolonged reflex 
vasodilatation occurring in the bony meatus following 
exposure to cold water or cold winds offers such an 
increase in tension, for there is no insulating layer 
of subcutaneous tissue between epithelium and 
underlying periosteum in the deep meatus. Moreover, 
venous congestion promotes lamellated new bone 
production as seen microscopically in exostoses[19].

Early theories proposed some form of prolonged 
irritation to explain the origin of exostoses. For 
instance, chronic otitis externa, gout, syphilis, 
subperiosteal abscess or in individuals who routinely 
use stethoscopes[19-22].

However, growing evidence suggests that prolonged 

exposure to cold water, as seen most frequently in 
aquatic sportsmen, is the most important etiopathogenic 
factor[23-26]. Cold air may also be a contributing factor 
in the formation of exostoses. This is supported by 
a series of findings. First, the skeletal remains of 
coastal populations from areas with mild atmospheric 
temperatures and wind chill factor do not show high 
frequencies of ear canal exostoses[14]. In addition, 
the most affected water-sport athletes reported in a 
study practiced sailing, which exposes the subjects 
to continuous cold jets, and according to another 
study the prevalence of exostoses was higher among 
the group of patients who practiced head-above-
surface aquatic sports such as surfing and sailing (and 
therefore were more exposed to wind chill factor) 
than among the group of patients who practiced 
head-immersed aquatic sports such as swimming or 
diving[12,27]. Interestingly, the prevalence and severity 
of exostoses in breath-hold divers, who stay longer 
above surface, is more similar to previously published 
results for surfing populations than to those for scuba-
diving populations[28]. Finally, the severity of exostoses 
seems to correspond to the ear that is more exposed 
to the predominant coastal winds[29].

Regular exposure to low air temperatures and/
or cold winds could explain the development of 
exostoses in non-aquatic sport enthusiasts or people 
not engaged in long-term cold water activities.

Genetic factors may also explain a higher predi
sposition to aural exostoses as these have not been 
reported in black people[30]. There might be other 
factors as well involved in the origin of exostoses. 
Half of the population did not report exposure to cold 
water in one study[31]. Nevertheless, most studies 
have focused on populations engaged in water 
activities for recreational, occupational or military 
reasons. 

DIAGNOSIS
Exostoses are discovered on routine otoscopy. 
Computed tomography scans are rarely performed, 
usually before the surgery to evaluate the extension 
of exostoses, but generally they are not believed 
to be as helpful as direct microscopic transcanal 
visualization of ear canal anatomy. 

For ear canals that are less than obliterative, 
the degree of stenosis, the percentage of closure, 
can be estimated. This can be achieved either by 
outlining the approximate lumen of the ear canals 
in photographs taken at the start and conclusion of 
surgery and then measuring the respective areas 
using a computer program, or by taking photographs 
using an endoscope connected to a camera, with 
each print being assessed by three independent 
observers[19,27]. Unfortunately, in most publications 
authors do not report how the percentage of closure 
is evaluated.

Audiologic testing is mandatory, as conductive 

February 28, 2015|Volume 5|Issue 1|WJO|www.wjgnet.com

Lobo DR. Challenges in exostoses management

15



hearing loss is the second most frequent indication 
for surgery after repetitive otitis externa. 

TREATMENT
Most patients with exostoses are asymptomatic. 
When symptoms make their first appearance, these 
are due to wax accumulation in the external auditory 
canal, and therefore the most frequent symptom 
is ear fullness, which can lead to otitis externa and 
ultimately to conductive hearing loss if all these 
conditions do not improve. In these cases, the 
initial treatment is the clearance of the ear canal to 
prevent wax retention and hearing loss. Antibiotic 
and anti-inflammatory drops should be prescribed 
in the case of otitis externa. Surgical intervention 
should be considered only in the most severe cases 
with obliterative exostosis, when cleansing of the 
auditory canal is no longer possible, when otitis 
externa becomes very recurrent or when there is 
conductive hearing loss. This usually occurs when 
the degree of stenosis is more than 80%, and hardly 
ever when it is less than 60%[18]. 

Although most authors agree that exostoses 
should be operated on only when the patient is 
symptomatic or when the exostoses prevent medial 
access in the ear canal for other procedures, some 
studies report surgical removal of exostoses in 
asymptomatic patients, when the degree of stenosis 
was assessed as minimal (< 30%) or moderate 
(30%-60%) or to facilitate the fitting of a hearing 
aid[27,32]. However, surgery has a considerable 
complication rate and cannot achieve excellent 
symptom control in all cases. This surgical procedure 
demands considerable patience and a variety of 
precautions, is difficult and tedious, and the outcome 
is uncertain due to a number of factors such as 
the proximity of the exostoses to the tympanic 
membrane, temporomandibular joint and facial 
nerve, the narrow or non-existent space between the 
exostoses, the inability to visualize medial ear canal 

landmarks, the thin skin covering the exostoses, and 
the ease with which modest bleeding can obscure 
the surgeon’s view[19]. Moreover, the patient’s desire 
to return to aquatic sports as rapidly as possible 
after surgery may jeopardize the results of surgery 
and lead to complications or early recurrence. Thus, 
correct patient selection and indication for surgery is 
paramount. An algorithm for the surgical options and 
management of exostoses is provided in Figure 1.

The most frequently employed surgical techniques 
involve the postauricular or endaural approaches 
and the use of different drilling systems and drilling 
burrs. Transcanal approaches and the use of 
osteotomes, chisels, curettes and gouges have also 
been employed[18,19,29]. The beaver knife is used to 
incise the posterior meatal skin, forming a flap which 
is held anteriorly. This flap is usually protected by a 
small piece of aluminium harvested from the packing 
of surgical threads[32,33]. 

Most authors recommend complete removal of 
exostoses to prevent early recurrence. However, 
several authors have advocated subtotal removal of 
exostoses so that patients are not placed at risk of 
injury to the ossicles, facial nerve or chorda tympani 
nerve[34,35]. Although facial nerve monitoring is not 
generally used in these procedures, the surgeon 
must be well aware of the course of facial nerve in 
the posterior inferior medial bony canal wall. In an 
anatomical study of the temporal bone, the facial 
nerve was located in a plane lateral to the tympanic 
membrane in the posterior-inferior quadrant of the 
medial bony ear canal in 70% of specimens[36]. In 
cases of severe narrowing, facial nerve protection 
becomes a priority. This is achieved by restricting 
blind drilling of the posterior canal wall while the 
tympanic membrane is not visible[32]. 

When the stenosis is severe the procedure can 
be very demanding, especially given the absence 
of adequate landmarks. This is why some authors 
prefer the retroauricular approach for all but the 
mildest narrowing[32,33]. The retroauricular approach 
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Exostoses

Asymptomatic
(< 60% stenosis)

Highly Symptomatic 
(> 80% stenosis/obliterative)
  Recurrent otitis externa
  Hearing loss

Preventive measures
  (ear plugs, neoprene hood, 
cleansing of the auditory 
canal, antibiotic drops)

High risk population
  prolonged exposure to
  cold water 

No high risk population

No measures needed
Chance finding on routine 
otoscopy

Surgical removal of 
exostoses
(complete vs  subtotal)

Different surgical techniques

Approach
Endaural
Postauricular
Transcanal

Drilling burrs
Chisels
Osteotomes

Figure 1  Proposed algorithm scheme for 
the management of exostoses and surgical 
options. Some studies report surgical removal 
of exostoses in asymptomatic patients, 
although this approach remains controversial 
and is not supported by most authors. 



also gives access to the temporalis fascia, which can 
be harvested for grafting bare areas of the external 
auditory canal[32].

Sensorineural hearing loss has been reported 
after the removal of exostoses by drilling techniques, 
presumably as a result of prolonged noise exposure 
from drilling. The osteotome technique has the 
potential advantage of less risk of cochlear damage 
compared to the drilling technique. Moreover, 
osteotomes pose little risk of avulsing skin, which 
is really important to prevent postoperative canal 
stenosis[19]. Nevertheless, most surgeons are more 
familiar with drilling techniques than with the use 
of osteotomes, which has the risk of mobilizing an 
entire segment of bone, of traumatizing the tympanic 
membrane, or of exposing periosteum anterior 
to the anterior bony wall and thus damaging the 
temporomandibular joint. To minimize complications 
with osteotomes, incremental removal of bone is 
advised[19]. The different approaches and techniques 
employed are shown in Table 1[18,19,27,29-33,35,37-41].

There is no consensus regarding which canal 
exostoses should be removed first. Some authors 
prefer removing the anterior exostoses first (or these 
are even the only exostoses removed)[34] whereas 
other surgeons address the posterior exostoses 
first[33]. Finally, other authors recommend removal the 
superior, inferior and anterior exostoses first, and only 
when the tympanic membrane position is verified do 
they remove the posterior wall protrusion[32]. 

At the end of the procedure, the skin does not 
usually have the circumference necessary to cover 
the new canal, and several vertical incisions are, 
therefore, performed in the skin with small scissors 
in order to ensure intimate contact of the skin with 
the bone. If any significant amount of bone remains 
bare, it is covered with fascia temporalis or a split 
thickness skin graft, as this allows for faster healing 
and re-epithelialization. Finally, pieces of gelatin 

sponge soaked with antibiotic and anti-inflammatory 
drops are inserted in the ear canal along the various 
skin incisions and a cotton ball is placed in the ear 
meatus as a dressing. 

COMPLICATIONS
Surgical removal of exostosis is not a procedure 
without risks and in fact the number of complications 
is not low when we revise the literature. 

Postoperative canal stenosis is one of the most 
frequent complications (Table 2)[18,19,27,29-33,35,37-45]. 
Integrity of healthy meatal skin is a key factor in 
the success of the operation. Loss of skin can lead 
to formation of granulation tissue, fibrous stenosis 
and membranous atresia. This fibrous stenosis 
could require surgical revision with excision of the 
scar and relining of the external auditory meatus 
with a split thickness skin graft. Preoperative severe 
persistent external otitis should be addressed before 
the operation as it can be another risk factor for 
developing this complication[38]. 

Tympanic membrane perforation is another of 
the most frequent complications. These tympanic 
membrane tears may be pinpoint and require no 
additional treatment, healing by the time the ear 
canal has healed[19]. But in other cases, repair of the 
defect requires an underlay tympanoplasty, which is 
usually performed in conjunction with removal of the 
exostoses.

Other less frequent but more feared compli
cations reported in the literature are damage to 
the temporo-mandibular joint or the facial nerve, 
sensorineural hearing loss, cervical subcutaneous 
emphysema and petrositis[43,44,46]. Not all cases of 
anterior canal wall dehiscence, protrusion, prolapse, 
herniation of the temporomandibular joint or even 
exposure of the temporomandibular joint capsule 
are symptomatic but they could lead to chronic 
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Table 1  Different approaches and surgical techniques

 Ref. Year Endaural (operations) Postauricular (operations) Transcanal (operations) Drilling (operations) Osteotomes, chisels1

Altuna Mariezkurrena et al[33] 2004 × (52) ×
DiBartolomeo et al[30] 1979 × (21) × (21)
Bordure et al[37] 1994 × × × (64)
Frese et al[38] 1999 × (56) × (3) × (59)
Hempel et al[31] 2012 × (33) × (2) NA
Hetzler[19] 2007 × (221) × (42)2 × (179)
Hurst et al[39] 2001 × (58) × (6) ×
King et al[29] 2010 × (80) × (71)3 × (4)
Oostvogel et al[40] 1992 × × ×
Portmann et al[41] 1991 × (25) × (25)
Sanna et al[32] 2004 × (65) × (65)
Stougaard et al[35] 1999 × (7) × (1) × (16) × (24)
Timofeev et al[27] 2004 NA NA NA × (46)
Whitaker et al[18] 1998 × (27) × (27)

1Hetzler[19] used osteotomes whereas King et al[29] and Whitaker et al[18] employed chisels; 2Both osteotomes and drilling burrs were used in these 42 patients; 
3Hand-held surgical drill and chisel were used in 61 patients whereas drill only was employed in 10 patients. NA: Not applicable.



symptoms that do not resolve with anti-inflammatory 
medication, such as temporomandibular joint pain, 
trismus and masticatory problems, and unnecessary 
movement in the canal which disrupts the healing 
process and facilitates postoperative stenosis.   

Dizziness, vertigo, worsening of the preoperative 
air-bone gap, tinnitus and diminished sense of taste 
have also been reported[19,27,29,31,32,38-40]. Interestingly, 
dizziness and vertigo were reported in two studies 
in which osteotomes were used, and were probably 
due to the concussive forces applied to the tem
poral bone[19,29]. This was resolved with canalith 
repositioning. 

SURGICAL FOLLOW-UP AND PROGNOSIS 
Careful observation of the ear canal should be 
emphasized during follow-up in order to recognize 
and treat early infection or granuloma, and prevent 
the risk of restenosis. Audiometric follow-up is also 
important to assess post-operative air-bone gap 
and detect any deterioration of bone conduction and 
sensorineural hearing loss. 

The healing rate should also be considered, as 
this can be a major concern for patients who are 
mostly water sports enthusiasts and wish to resume 
their normal activity as soon as possible. Posto
perative healing ranges from 2 to 16 wk (average 8 
wk)[18,19,30,42-44]. The best results have been achieved 
with the osteotome technique by maximizing ear 
canal skin preservation and minimizing skin dis
ruption[19].

Surgery for ear canal exostoses improve patients’ 

health-related quality of life (HRQOL)[31,45]. Ninety 
percent of the patients were satisfied with the result 
of the operation, and would decide in favor of the 
operation in retrospect, according to one study[31]. 
Complications were the most important factor for 
the lack of patient benefit and had a negative impact 
on the patient HRQOL.

With regard to prognosis it should be pointed out 
again that exostoses are typically a benign condition 
that does not usually require surgical therapy. Here 
our interest and comments will therefore focus 
on the risk factors for severe exostoses in high 
risk populations and for restenosis after surgery. 
The relation between exposure to cold water and 
development of exostoses has been dealt with 
in the section on etiology. The risk of developing 
exostoses and the degree of ear canal obstruction 
increase proportionally to the frequency of exposure 
according to many different studies[5-8,11,23,25]. 
Indeed, a surfing index has been proposed to better 
predict the risk of the formation of external auditory 
exostoses and is expressed as the product of the 
period (years as an active surfer) and the frequency 
(number of surfing days per week)[5]. Thus, subjects 
who have participated in water sports for longer than 
10 years show some evidence of exostoses. This 
may be preventable since those who use earplugs 
are less likely to develop exostoses[9]. Similarly, 
individuals who postoperatively participate in aquatic 
sports experience recurrence of the stenosis more 
rapidly, and protecting the ear canals increases the 
recurrence-free interval[27]. Nevertheless, very few 
participants in water activities use these precautions 
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Table 2  Complications of exostoses removal

 Ref. Year No. of patients No. of ears No. of operations TM tears or perforations1 Stenosis or scarring1 SNHL Tinnitus TMJ entry

Altuna 
Mariezkurrena et al[33]

2004 45 52 52

Di Bartolomeo et al[30] 1979 16 21 1 (4.7%)
Bordure et al[37] 1994 36 64 8 (12.5%) 3 (4.7%) 2 (3.1%) 2 (3.1%)
Fisher et al[42] 1994 102 127 11 (8.6%) 2 (1.5%) 1 (0.8%) 1 (0.8%)
Frese et al[38] 1999 48 59 3 (5%) 4 (6.8%) 4 (6.8%) 1 (1.7%)
Hempel et al[31] 2012 30 35 1 (2.8%) 2 (5.7%) 1 (2.8%)
Hetzler[19] 2007 140 221 221 12 3 (1.3%) 3 (1.3%) 3 (1.3%)
Hurst et al[39] 2001 49 64 1 (1.5%) 23 1 (1.5%) 2 (1.9%)
King et al[29] 2010 58 83 83 4 (4.8%) 7 (8.4%)
Oostvogel et al[40] 1992 51 1 (2%) 3 (5.9%)
Portmann et al[41] 1991 25 1 (4%) 2 (8%) 1 (4%)
Reber et al[43] 2000 20 22 2 (9%) 2 (9%) 4 

(18.2%)
2 (9.1%)

Sanna et al[32] 2004 57 65 65 2 (3%) 1 (1.5%)
Seehy et al[44] 1982 79 8 (10.1%)
Stougaard et al[35] 1999 19 24 24 1 (4.1%) 1 (4.1%) 1 (4.1%)
Timofeev et al[27] 2004 31 46 46 4 (8.7%) 1 (2.2%) 1 (2.2%)
Vasama et al[45] 2003 136 182 182 5 (2.7%) 2 (1.1%) 4 (2.2%)
Whitaker et al[18] 1998 18 27 7 (25.9%)

1TM tears or perforations requiring underlay tympanoplasty, or stenosis or scarring requiring revision surgery; 2Although only one case required 
tympanoplasty, there were 29 tympanic membrane pinpoint tears that required no additional treatment and were healed by the time the ear canal skin had 
healed; 3One tympanic membrane perforation and 2 ears requiring revision surgery for removal of granulations and sequestered bone. SNHL: Sensorineural 
hearing loss; TM: Tympanic membrane; TMJ: Temporomandibular joint.



(ear plugs, neoprene hood), even among those 
aware of the preventability of surfer’s ear[47]. One 
reason for this could be that wearing earplugs 
impairs hearing. In this respect, soft prefabricated 
elastomer earplugs have been shown to cause less 
hearing impairment than custom-fitted silicone and 
custom-fitted acrylic ear plugs and are therefore 
preferable[48].  

However, the risk of recurrence does not only 
depend on new exposure to cold water. Although ear 
plugs could protect against the development of new 
exostoses, recurrence has been observed even in 
patients who stopped water sport activity completely 
after surgery[27]. The age of the patient at the time 
of operation is also a factor associated with the 
recurrence rate of stenosis. According to Timofeev 
et al[27] the older the patient, the faster the recurrent 
disease develops. 

CONCLUSION
Exostosis of the auditory canal is a prevalent 
condition in water sports enthusiasts and in those 
who engage in an aquatic activity professionally 
or out of necessity. Most cases are asymptomatic 
and are chance discoveries at otoscopy. However, 
when they cause recurrent infections or hearing 
loss, surgical intervention becomes necessary. Many 
different surgical approaches and techniques are 
employed, and the outcomes seem to depend more 
on the experience and expertise of the surgical team 
than on technical aspects, although the latter should 
be borne in mind in order to avoid complications. The 
possibility of even serious complications should not 
be underestimated since they have a negative impact 
on patient quality of life. Finally, many patients wish 
to resume their aquatic activities as soon as possible 
so that it becomes even more important to maximize 
precautions and to avoid the bare areas of skin and 
prevent infections and restenosis in the postoperative 
period.
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