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Endoskopische Beurteilung des externen Gehörkanales  
bei ohrgesunden Pferden und bei Pferden mit Kopfschütteln 
oder Vestibularsyndrom
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Summary Since there is a lack of information about the normal appearance or pathologi-
cal findings of the equine external ear canal (EEEC) and tympanic membrane 
(TM), we aimed to find a practical way to perform the otoscopic examination in 
standing, sedated horses. Therefore, we worked with common veterinary video 
endoscopes, which are normally used for gastroscopy or bronchoscopy. Both ears 
each of 38 randomly selected, chemically restrained horses were otoscopically 
examined. 33 of those horses had no history or signs of potentially ear-associated 
diseases. However, two horses with vestibular disease and three horses with head 
shaking were included in the otoscopic examinations. We created references of 
the normal appearance of the EEEC and TM on the basis of the characteristic 
anatomical landmarks, degree of debris, amount of keratin scales, shape of the 
intersection between the cartilaginous (CEEC) and osseous (OEEC) portion of the 
external ear canal, shape of the OEEC, formation of the keratin layer and its integ-
rity, epithelium colour of the OEEC, and complexion of the TM. With this informa-
tion, we were able to visualise tympanosclerosis in two equine eardrums, as well 
as low-grade to severe external otitis in three horses. Severe bilateral external 
otitis combined with temporohyoid osteoarthropathy (THO) was found in one 
of those horses. A foreign body was found in one OEEC. This study shows that 
otoscopic examination is a basic, easy to perform and beneficial diagnostic proce-
dure for a complete work-up of ear-related diseases, such as THO, facial nerve 
paralysis, vestibular disease, head-shaking or head trauma. Plus, regarding animal 
welfare, well being of horses is highly influenced by noise exposure. Therefore 
research on equine audiological aspects needs to be promoted. The standardized 
otoscopic examination provides an important basis for further research on aural 
diseases.

Keywords: tympanosclerosis, tympanic membrane, temporohyoid
osteoarthropathy

Zusammenfassung Es gibt nur wenige Informationen über das physiologische und pathologische 
Erscheinungsbild des equinen externen Gehörkanals und Trommelfells. Ziel der 
Studie war es, unter Verwendung herkömmlicher Broncho- bzw. Gastroskope, 
eine praxisnahe Untersuchungsmöglichkeit des externen Gehörkanals an  
stehenden, sedierten Pferden zu etablieren. Bilaterale endoskopische Untersu-
chungen der externen Gehörkanäle 38 sedierter Pferde wurden, unter Zuhilfe-
nahme eines standardisierten Protokolls, durchgeführt und evaluiert. 33 Pferde 
waren vorberichtlich und klinisch ohrgesund; zwei Pferde mit Vestibularsyndrom 
und drei Pferde mit Kopfschütteln wurden in die Studie inkludiert. 
Anhand anatomisch charakteristischer Strukturen, dem Verschmutzungsgrad 
des kartilaginösen Gehörkanals, der Anzahl von Keratinschuppen am Eingang 
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zum ossären Gehörkanal, der Epithelfarbe und Form des ossären Gehörkanals, 
sowie des Erscheinungsbildes und Lichtreflexes des Trommelfells konnten 
physiologische Referenzen etabliert werden. Auf Grundlage dieser Referenzen 
wurden pathologische Befunde bei sieben Pferden erhoben, wobei vier Pferde 
Aural Plaques aufwiesen. Drei Pferde hatten eine gering- bis hochgradige Form 
der Otitis externa und in einem Pferd konnte ein möglicher Zusammenhang 
zur Ausbildung einer Temporohyoidosteoarthopathie (THO) hergestellt werden. 
Erstmalig konnte die Diagnose einer Tympanosklerose bei zwei weiteren Pferden 
gestellt werden. Die Otoskopie ist somit eine unerlässliche diagnostische Maß-
nahme zur vollständigen Abklärung der THO, Fazialisparese, Vestibularsyndrom, 
Head Shaking, Kopfscheuheit, parasitären Infektionen oder Kopftraumata. Auch 
Lärmbelastungen beinträchtigen das Wohlbefinden der Pferde, folglich gilt es im 
Auftrag des Tierschutzes, die Forschung auf dem Gebiet der Audiologie voranzu-
treiben. Die standardisierte otoskopische Untersuchung bildet die Basis dafür. Die 
Ohrendoskopie ist vergleichsweise einfach durchzuführen und liefert wertvolle 
Hinweise bezüglich aurikulärer Erkrankungen. 

Schlüsselwörter: Trommelfell, Tympanosklerose, Temporohyoidosteoarthro-
pathie

Introduction

An intact acoustic organ and hearing function is of 
vital importance for natural flight animals like horses. 
In respect to that, hearing is an essential part of ani-
mal welfare, and thus its significance should not be 
underestimated. There is a lack of information about the 
anatomy and diseases of the equine external ear canal 
(EEEC), including the tympanic membrane (TM) (Sar-
gent et al., 2006), and about hearing function diagnos-
tics, as well as adequate treatment of otitis. Diagnosing 
an ear disease is rather complicated in practice due to 
insufficient examination equipment. Visualization of the 
EEEC and the TM is, therefore, rather difficult (Sargent 
et al., 2006). Furthermore, bad patient compliance and 
sparse references to normal appearance can be challeng-
ing and misleading (Slovis, 2004).

Early clinical signs of otitis, such as ear-rubbing, head 
shyness, problems putting on a halter or snaffle, and 
head-weaving or -tossing, may be mistaken for behav-
ioural problems or parasitic infections (Harland et al., 
2006; Wilson et al., 2011). Strong startle responses can 
also be an indication of hearing loss, hearing impairment 
(e.  g. presbyacusis) or hyperacusis, which are generally 
interpreted as insubordination by the owner (Wilson et 
al., 2011). According to our experience and those of Katz 
(2006), clinical symptoms are often poorly pronounced 
or unincisive. Consequently, ear diseases will remain 
undetected in many cases.

The otoscopic examination is a very important diag-
nostic tool to reveal diseases such as aural neoplasia, 
aural polyps, aural plaques, intra-aural foreign bodies, 
parasites (such as ticks, mites and culicoides), otitis 
externa, obstruction or haemorrhage in the pars ossea, 
and otitis media (Fjordbakk et al. 2006; Sargent et al., 
2006; Sommerauer et al., 2013). It is essential for the 
complete diagnostic work-up of head trauma, tem-
porohyoid osteoarthropathy, vestibular disease, facial 
nerve paralysis, and head shaking (Marshall et al., 1981; 
Newton and Knottenbelt, 1999; Newton et al., 2000; 
Sargent et al., 2006; Aleman et al., 2008). Although the 
majority of cases of head shaking in horses are so-called 
idiopathic, a thorough otic examination is required to 
rule out aural diseases, such as aural foreign bodies, otitis 

externa, media, interna, or mites, as the primary cause 
(Newton et al., 2000; Sargent et al., 2006; Schusser and 
Sommerauer, 2012).

Since only a little experience has been acquired about 
the physiological appearance of the EEEC and TM, it is 
helpful to establish standardized examination proto-
cols to avoid incorrect diagnoses. The purpose of this 
study was to demonstrate that otoscopy can be easily 
performed in sedated horses with regular flexible endo-
scopes and to show the differences between the physi-
ological appearance and endoscopic abnormal findings 
of the EEEC and TM.

Material and Methods

Between April 2012 and April 2013, 38 randomly selected 
horses were moved into stocks and sedated (combina-
tion of detomidine, 0.01 mg/kg BW IV, Cepesedan®, 
and butorphanole, 0.02 mg/kg BW IV, Alvegesic®, both 
drugs from CP-Pharma Handelsgesellschaft mbH, DE) 
to perform gastroscopy, bronchoscopy or guttural pouch 
endoscopy at the Department of Large Animal Medicine, 
University of Leipzig. Afterwards, the sedated condition 
of each horse was used to carry out a detailed bilateral 
otoscopic examination. All horses were restrained with a 
twitch to improve the patient’s compliance for the period 
of the otic endoscopy. All diagnostic investigations were 
consistent with optimal clinical case management and 
were approved by the Commission of Animal Welfare.

Animals
A total number of 38 horses (18 geldings, five stallions 
and 15 mares) and 76 ears were otoscopically examined. 
One horse was a Quarter Horse, three horses were cold 
blooded (Haflinger horse, Tinker, Clydesdale) and the 
remaining horses belonged to warm-blooded breeds. 
Their age ranged from three months to 25 years (median: 
twelve years).

33 horses had no history of ear diseases, hearing 
problems, neurological deficits (e. g. facial nerve paraly-
sis, head tilt), or head shaking. All horses showed nor-
mal responses to behavioural hearing assessment (e. g. 



Berliner und Münchener Tierärztliche Wochenschrift 127, Heft 3/4 (2014), Seiten –107 101

physiological ear movement and reaction to brief loud 
sounds) except for one Quarter Horse mare and one 
Tinker mare, both with a left-sided facial nerve paralysis 
and vestibular syndrome. Three horses had a history of 
head shaking. Of the 38 horses, 28 were stabled in inside 
boxes and ten were kept outside on pasture all year long. 

Equipment
We used a flexible video endoscope with a 7 mm or 
9 mm diameter tip (Karl Storz® GmbH & Co. KG, DE), 
which are normally used for bronchoscopy, gastros-
copy or guttural pouch endoscopy, for endoscopy of 
the EEEC and TM. Pictures of the cartilaginous (CEEC) 
and osseous external ear canal (OEEC), the intersection 
between the two of them, and the TM were taken in 
high-definition quality.

Otoscopy
It was not necessary to perform local anaesthesia for this 
otoscopic examination. Chemical restraint in combina-
tion with a twitch was used to reduce defensive head 
movements. The tip of the endoscope was angled down-
ward at 45° and placed into the auricle, which was kept 
in vertical position by the examiner. A caudal horizontal 
cartilaginous bridge, a characteristic anatomical land-
mark at the entrance of the CEEC, was used for orienta-
tion. The endoscope was inserted until the intersection 
of the pigmented CEEC and non-pigmented OEEC was 

reached. We used a tripartite grading system, 
referring to the grading system described 
by Sommerauer et al. (2013), to classify the 
degree of debris of the CEEC and OEEC 
(Fig. 1). While examining the CEEC, we paid 
special attention to the degree of ceruminous 
debris, abnormal high degree of moisture 
and dust, depigmentation, and aural plaques. 
The appearance of the intersection of the 
CEEC and OEEC was described regarding 
the abnormal growth of hair, amount of cel-
lular debris (keratin scales), the shape of the 
porus acusticus externus, the integrity of skin 
of the CEEC and epithelium of the OEEC, 
and the ability to view into the OEEC, as 
well as the visibility of the TM. Due to the 
large diameter of the video endoscope, it was 
not possible to enter the OEEC. Based on 
the high-definition imaging quality, it was 
possible to evaluate the shape (round, oval, 
triangular) of the OEEC, abnormal growth 

of hair, colour of the epithelium, vascular drawing, and 
formation and integrity of the keratin layer. 

Finally, the intactness, transparency, light reflection, 
and differentiation of the pars flaccida, pars tensa and 
stria mallearis of the TM were analysed (Tab. 1).

Results

Degree of ceruminous debris in the CEEC and OEEC
To classify the degree of debris of the CEEC and OEEC 
we used a tripartite grading system in imitation of the 
grading system that Sommerauer et al. (2013) had estab-
lished. The definition of grades and the results are shown 
in Figure 1.

17 out of 28 (61%) of the horses that were kept in 
inside stalls were graded as grade II or higher for the 
CEEC. In comparison, six out of ten (60%) horses kept 
outside were grouped into grade II or higher for the 
CEEC. 

Comparing the degree of debris in correlation to age, 
we distributed all the horses into two groups (first group: 
< ten years; second group: ≥ ten years). Within the first 
group, ten (36%) horses were graded as grade I, 14 (50%) 
were ranked as grade II, and four (14%) as grade III. In 
the second group, three (27%) horses were classified as 
grade I, five (52%) as grade II and two (21%) as grade III.  

Appearance of the intersection of the CEEC and the 
OEEC
We found a small rim of keratin scales around the 
entrance of the OEEC in 21 out of 76 ears. A moderate 

FIGURE 1: Distribution of debris in the cartilaginous and
osseous part of the external ear canal on basis of a tripartite 
grading system (Sommerauer et al., 2013). 

TABLE 1: Normal and abnormal criteria of the tympanic membrane
Criteria Normal Abnormal findings
Intactness intact ruptured

Transparency of the pars tensa transparent opaque cloudiness

Colour of the pars tensa grey-black grey-white; white; yellow; brown

Colour of the pars flaccida white- pearlescent reddened; brownish

Differentiation between the pars flaccida and pars tensa good bad

Position of the Stria mallearis central peripheral

Visibility of auditory ossicles good visibility no visibility 

Light reflection negative positive
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FIGURE 2: 
Moderate 
amount of kera-
tin scales around 
the entrance of 
the osseous part 
of the exter-
nal ear canal; 
warm-blooded 
gelding, 15 
years old; CEEC 
= III, OEEC = 
II based on the 
degree of pollution described in Figure 1.

FIGURE 3: 
Osseous exter-
nal ear canal 
obstructed by 
ceruminal and 
keratin debris; 
warm-blooded 
stallion, twelve 
years old; 
CEEC= III, 
OEEC= III based 
on the degree of 
pollution descri-
bed in Figure 1.

FIGURE 4: 
Rostral pro-
trusion of the 
osseous part 
of the external 
ear canal just 
in front of the 
tympanic mem-
brane (arrow); 
warm-blooded 
gelding, 16 years 
old; CEEC = II, 
OEEC = I based 
on the degree of pollution described in Figure 1.

FIGURE 5: 
Physiological 
appearance of an 
equine tympanic 
membrane with 
clear differen-
tiation into the 
dorsal pars flac-
cida (left arrow) 
with central 
stria mallearis 
(star between 
the arrows) and 
ventral pars tensa (right arrow).

FIGURE 6: 
A piece of 
sawdust at the 
bottom of the 
osseous ear 
canal; warm-
blooded mare, 
eight years old; 
OEEC = II, 
CEEC = II based 
on the degree of 
pollution descri-
bed in Figure 1.

FIGURE 7: 
Low-grade 
inflammation of 
the osseous part 
of the external 
ear canal with 
reduced visibility 
of the tympanic 
membrane (TM) 
due to separation 
of the keratin 
layer; positive 
light reflection on 
the tympanic membrane; wet, swollen and slightly reddened epithelium, 
which are signs for external otitis; warm-blooded mare, 19 years old; CEEC 
= III, OEEC = II based on the degree of pollution described in Figure 1.

FIGURE 8: 
Moderate 
external otitis of 
the osseous part 
of the external 
ear canal with 
swollen and 
reddened epi-
thelium, moist 
appearance, 
detachment 
of the keratin 
layer at the level 
of the tympanic membrane, positive light reflection; Haflinger 
gelding, 21 years old; CEEC = I, OEEC = II based on the degree 
of pollution described in Figure 1. 

FIGURE 9: 
Temporohyoid 
osteoarthropathy: 
Hypertrophy of 
the left stylohyoid 
bone (X) in the 
guttural pouch of 
a Quarter Horse 
mare with facial 
nerve paralysis at 
a site proximal of 
the ganglion geni-
culi in the facial 
nerve canal; Quarter Horse mare, 13 years old (compare with Figure 10).
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FIGURE 10: 
Normal right 
stylohyoid 
bone (X) in the 
guttural pouch 
of a 13-year-old 
Quarter Horse 
mare (compare 
with Figure 9).

FIGURE 11: 
External Otitis: 
Brownish liquid 
exudate from the 
right osseous 
part with swol-
len epithelium 
of a 13-year-
old Quarter 
Horse mare 
with left-sided 
temporohyoid 
osteoarthropathy 
(Fig. 10); CEEC = III based on the degree of pollution described 
in Figure 1.

FIGURE 12: 
External otitis: 
Purulent exu-
date is coming 
out of the left 
osseous part and 
the surface of 
the skin of the 
cartilagineous 
part around 
the entrance is 
covered by pus; 
13-year-old 
Quarter Horse mare with a left-sided temporohyoid osteoarthro-
pathy (Fig. 9). 

FIGURE 13: 
An irregular, 
diffuse, crescent-
like, grey-white 
opacity of the 
pars tensa of the 
tympanic memb-
rane (arrows) 
which could be a 
tympanosclerosis; 
warm-blooded 
gelding, 16 years 
old; CEEC = II, 
OEEC = I based on the degree of pollution described in Figure 1.

FIGURE 14: 
Two very small, 
irregular, grey-
white, circum-
flex lines were 
seen in the pars 
tensa of the 
tympanic mem-
brane (arrows); 
it looks like a 
sign of tym-
panosclerosis; 
warm-blooded 
mare, four years 
old; CEEC = I, 
OEEC = I based 
on the degree of 
pollution descri-
bed in Figure 1.

FIGURE 15: 
Complete recovery 
of the right osse-
ous part of the ear 
canal with a nor-
mal appearance 
of the tympanic 
membrane with 
its pars flaccida, 
pars tensa and 
stria mallearis, 
and without light 
reflection of the 
tympanic membrane; compare with Figure 11; Quarter Horse,  
13 years old. Note: The ossicle chain is shining through the pars 
tensa, located directly ventral to the stria mallearis.

FIGURE 16: 
Left osseous ear  
canal of the 13- 
year-old Quarter 
Horse mare after 
six weeks of medi-
cal treatment. 
The osseous part 
shows a good re- 
covery. Due to  
the swollen epi- 
thelium and osse-
ous changes of the 
petrosal bone, the acoustic ear canal is completely obstructed and the 
tympanic membrane is not visible; compare with Figure 12.
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amount of keratin scales was endoscopically seen in 
41/76 ears, forming a rim-like beige structure (Fig. 2). 
In 34 of those 41 ears, dust and ceruminal debris were 
found inside the OEEC. The entrance in 14/76 ears, was 
nearly or totally obstructed by keratin scales (Fig. 3), 
which were removed by foreign body forceps. In all of 
these 14 ears a better visibility into the OEEC could be 
achieved. But due to small remaining ceruminous debris 
deeply within the OEEC the view of TMs was still not 
possible.

Shape of the osseous part of the EEEC  
The majority of horses had similar shapes of the osseous 
entrance in both ears. In general, the intersection 
between the CEEC and OEEC appeared to be round 
to longitudinal-oval shape (35/38). These intersections 
seemed to have a triangular shape in only three horses. 
The OEEC in 34 ears looked like a narrowing tube with 
an asymmetrical shape at the level of the TM. In these 
ears, we discovered that the OEEC was slightly pre-
bulged from a rostral direction, which caused an asym-
metrical appearance at the level of the TM (Fig. 4). An 
oval shape at the same level was found in 18 ears, and 
ten ears were triangular-shaped in this area. An appraisal 
was not possible in 14 out of 76 ears, due to obstruction 
of the OEEC. 

Appearance of the epithelium colour and keratin layer 
of the OEEC
The completely non-pigmented OEECs in 28 (37%) out 
of 76 ears were spotlessly clean and had a pale pink 
colour epithelium with visible capillary drawing. A small 
amount of ceruminal debris or dust particles were found 
inside the OEEC of 26/76 (34%) ears. A lot of ceruminal 
debris or dust inside the OEEC was found in 17/76 (22%) 
ears, whereas five/76 (7%) were filled with exudate or 
could not be visualised. Four ears showed a moderate 
rubor, and one horse had severe bilateral rubor of the 
non-pigmented epithelium.

The keratin layer, covering the OEEC, appeared more 
or less prominently concentric and intact. The keratin 
layer was not visible only in ears with exudate (three/76, 
otitis) or with a very high amount of dust (five/76) inside 
the OEEC. After removing the exudate and dust from 
two of those ears, erosions of the keratin layer could be 
seen.

Appearance of the tympanic membrane
A total of 62/76 TMs could be otoscopically visualised. 
Unfortunately, 14 TMs were not visible due to ceruminal 
debris, keratin scales or exudate inside the osseous part. 
All of the evaluable TMs seemed to be intact and 59/62 
had a semitransparent appearance. A light reflection on 
the eardrum, caused by the endoscopic source of light, 
could be seen in 14% (nine/62) of the TM. Whereas a 
majority of 86% (53/62) did not show any light reflection 
on the TM.

A good differentiation between the dorsal grey-white 
pars flaccida, the ventral crescent-shaped translucent 
pars tensa and central white teardrop-shaped stria mal-
learis was seen in all 62 TMs (Fig. 5). The proportion 
between the pars flaccida and pars tensa is nearly 1:1 
by visual judgment. In two out of 62 TMs, a prominent 
capillary could be seen across the pars flaccida and stria 
mallearis.

The stria mallearis was without pathological findings 
in all evaluable TMs. It appeared more or less promi-
nently in a teardrop shape at the centre of the TM or 
just dorsal of it. Auditory ossicles were shining through 
the pars tensa of the TM in some of the ears examined 
(20/62). They were always directly ventral of the tip of the 
stria mallearis.

Abnormal findings
Aural plaques were found in four horses. They were only 
related to the auricle and not to the CEEC. The inside of 
the auricle and the CEEC in an otoscopically examined 
Clydesdale gelding were completely non-pigmented, 
thus the entrance into the OEEC was less recognisable 
than usual. Additionally, we found a foreign body (a 
piece of sawdust) within the OEEC of another equine 
(Fig. 6).

We found variable signs of inflammation of the epi-
thelium within the OEEC in three horses. One of those 
horses showed a low-grade inflammation of the left ear 
with reddening of the epithelium and an incipient sepa-
ration of the keratin layers causing a reduced visibility of 
the TM (Fig. 7). The OEEC appeared to be slightly wet 
and swollen, which are signs of external otitis. The light 
reflection on the tympanum was positive. 

In another horse, we found moderate signs of an 
external otitis. The epithelium was slightly swollen and 
exudation led to a moist appearance. Some areas of the 
epithelium had a physiological appearance, whereas 
other areas showed epithelial rubor and detachment. 
The TM could not be visualised clearly due to inflam-
mation, but a positive light reflection could be seen 
(Fig. 8).

The third horse with severe external otitis was a 
Quarter Horse mare that showed a sudden onset of a 
left-sided facial nerve paralysis, left-sided head tilt and 
temporohyoid osteoarthropathy (THO) of the left sty-
lohyoid bone, which was diagnosed via guttural pouch 
endoscopy (Figs. 9, 10). The otoscopic examination of 
both ears revealed a bilateral brownish-yellow exuda-
tion out of the OEEC. The auricle and the CEEC of the 
right ear were without pathological findings, whereas 
the osseous portion was filled with brown liquid exu-
date (Fig. 11). Endoscopy of the left ear revealed viscous 
purulent exudate within the CEEC and OEEC (Fig. 12). 
The lumen of the OEEC narrowed progressively and the 
epithelium appeared to be swollen and folded. Conse-
quently, the TMs of both ears could not be visualised or 
evaluated. 

We discovered white plaques in one ear each from two 
different horses, in different forms of appearance, within 
the pars tensa of the TM. In one TM, an irregular, dif-
fuse, crescent-like, grey-white opacity of the pars tensa 
could be visualised which could be a tympanosclerosis 
(Fig. 13). In another eardrum, two very small, irregular, 
grey-white, circumflex lines were seen in the pars tensa 
(Fig. 14). 

Discussion

The present study demonstrates that visualisation of 
the EEEC is possible with commonly used endoscopes 
(max. 9 mm tip). Bilateral otoscopic examination was 
performed in 38 standing, sedated horses using a stand-
ardized protocol. References of the physiological appear-
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ance of TM were established and pathological findings of 
the EEEC and TM were described for the first time. 

Sommerauer et al. (2012) had used a specially fabri-
cated flexible video endoscope with a 2 mm diameter 
tip to visualise the TM. This way of implementation is 
possible, but local anaesthesia of the great auricular and 
internal auricular nerve needs to be performed to reduce 
pain caused by the irritation of the endoscope inserted 
into the OEEC (Sargent et al., 2006; Sommerauer et 
al., 2012). Although a close endoscopic examination of 
the TM is not possible due to the large diameter of the 
endoscopes, high-definition quality leads to a good idea 
of it. Its use is also beneficial to improve the visibility by 
removing keratin scales and debris from the OEEC via 
foreign body forceps. 

As expected, the degree of debris is higher in the 
CEEC compared to the OEEC. Regarding the histo-
logical structures of the auricle and the CEEC, a higher 
degree of debris can be explained by the existence of 
ceruminal and sebaceous glands within the epidermis, 
which produce the so-called earwax or cerumen (Yasui et 
al., 2005). The auricle and the CEEC are lined with hair, 
which are also covered by cerumen (Sargent et al., 2006). 
This anatomical construction functions like a dirt strainer 
that filters dust and parasites trying to enter the ear. The 
natural cleaning is then realised by rotating the head to 
expel the bound dirt.

In a study of Sommerauer et al. (2013), horses kept 
outside on pasture showed a higher degree of debris than 
horses stabled in inside boxes. In this study, there was no 
considerable difference between these two groups. Fur-
ther investigations, including a higher number of horses 
that are kept on pasture, will provide more consolidated 
findings. Although not statistically proven, older horses 
(second group: ≥ ten years) seem to have a higher degree 
of debris than younger horses (second group: < ten 
years) due to a longer lifetime and dust exposure.

Evaluating the amount of keratin scales around the 
entrance of the OEEC, we realised that the rim-like 
formation, found in most ears, fulfils a self-protective 
function by preventing dust from falling into it. In ten 
horses with a rather small keratin-rim, we found cerumi-
nal debris inside the OEEC, whereas the osseous portion 
remained free of such in horses with moderate keratin 
scales. The OEEC in 14 ears was nearly or completely 
obstructed by ceruminal and cellular (keratin) debris. It is 
to be assumed that the ears affected may have had worse 
hearing function due to poor passage of sound waves 
(Adobamen and Ogisi, 2012).

The physiological OEEC has a light pink colour, is 
round to oval shape and runs in a cranio-caudal direc-
tion. A total of 34 out of 62 OEECs examined had an 
asymmetrical appearance at the level of the TM, caused 
by a rostral protrusion (Fig. 4). This is known as the isth-
mus in humans, and leads to an s-shaped osseous ear 
canal (Jahn and Santos-Sacchi, 2001).

The normal TM should have a semitransparent appear-
ance and a clear differentiation into three components: 
the pars tensa, pars flaccida and stria mallearis (Sargent 
et al., 2006; Schusser and Sommerauer, 2012). The loss 
of this differentiation is a sign of inflammation (myrin-
gitis) of the TM (Appelman et al., 1993). Colour varia-
tion (e.  g. yellow) or increased opacity can be a result 
of otitis media (Kalu et al., 2011). In human medicine a 
positive light reflection within the ventral quadrant of 
the TM is considered to be physiological, because the 

source of light is very close to the TM and the incidence 
of light is vertical to the TM (Füeßl and Middeke, 2005). 
The appearance of this light reflection within another 
area of the TM is a sign of retraction or protrusion of the 
TM (Füeßl and Middeke, 2005). Since we used a video 
endoscope with a fairly large diameter, we could only 
evaluate the TM from a distance of approximately 3 cm. 
Due to this distance, a positive light reflection could 
not be observed in all physiological ears. Consequently, 
a healthy equine TM should not show a light reflec-
tion, when using the method presented in this study. A 
positive light reflection on the TM was found in almost 
all horses with external otitis, in case the TM could be 
visualized. This positive light reflection is a sign of an 
imbalanced homeostasis and abnormally high humidity 
within the OEEC, leading to its inflammation. The pres-
ence of visible capillaries on the eardrum was frequently 
observed in the equine ears examined. According to 
histological investigations, the TM is interlaced with 
many nerve fibres and capillaries (Gotthelf, 2008). We 
saw parts of the ossicles shining through the TM (Fig. 15) 
in 20/62 equine ears. This might be misleading for the 
untrained examiner and could result in incorrect diag-
noses. However, diaphanous ossicles are always located 
directly ventral of the tip of the stria mallearis, and thus, 
can easily be identified.

Aural plaques were found in four equine ears. They are 
caused by insect-transferred papilloma viruses, which 
lead to an inflammation of the auricular skin (Lavoie 
and Hinchcliff, 2008; Lange et al., 2013). This will subse-
quently lead to a hyperkeratosis, which can then be seen 
as crusty, white warts within the auricle. In all of those 
ears, aural plaques were only related to the auricle, not 
to the CEEC. This supports the hypothesis that this is an 
insect-borne disease, and that insects are stopped by the 
self-cleaning mechanisms (cerumen and hair) explained.

We found non-pigmented auricles and CEECs in both 
ears of a Clydesdale gelding. This probably has no fur-
ther clinical relevance other than a higher predisposition 
for actinodermatitis (Reed et al., 2010).

We found a piece of sawdust within the OEEC of one 
horse. This foreign body could lead to head shaking and 
insubordination due to irritation and pain of the highly 
vascularised and innervated OEEC. It could also result 
in an evocation of the so-called Arnold’s cough reflex or 
in a cardio depression due to stimulation of the auricular 
branch of the vagal nerve (Gupta et al., 1986; Tekdemir 
et al., 1998). Since this was just a single case further 
investigations are need to prove effects of foreign bodies 
within the OEEC.

External otitis of the OEEC usually begins with an 
increased humidity (positive light reflection on the ear-
drum), which raises the chance of bacteria growing. 
Subsequently, the homeostasis within the OEEC is dis-
turbed and the pH-value will rise (Grono, 1970). The 
protective keratin layer will then be separated and the 
epithelium will be uncovered. Proceeding inflammation 
will encroach upon the epithelial layer, initiating typi-
cal inflammatory signs: loss of the rim-like structure of 
keratin scales around the entrance of OEEC, redness 
of the epithelium, swelling of epithelial layers, loss of 
visible capillaries, heat, and pain at the base of the ear. 
Prolonged inflammation will affect the TM leading to 
a loss of transparency and a positive light reflection. 
Unfortunately, due to swelling of the epithelial layers 
and/or detachment of the keratin layer within the OEEC, 
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the visibility of the tympanum is often reduced, and thus, 
cannot be completely evaluated. 

A THO of the left stylohyoid bone was diagnosed via 
guttural pouch endoscopy in a Quarter Horse mare with 
a sudden onset of left facial nerve paralysis and head 
tilt. An additional endoscopic examination of both ears 
revealed a severe bilateral external otitis. Microbiologi-
cal testing of the exudate revealed high-grade evidence 
of Staphylococcus delphini and Acinetobacter baumanii. 
According to the antibiogram, the mare was treated 
systemically with enrofloxacine (5 mg/kg bw/d, p. o.; 
Baytril® 10%; Bayer AG, DE), which has the capability 
to penetrate the central nervous system. Additionally, 
we dried up the CEEC and OEEC by soaking up the 
exudate with small cotton balls, which were inserted into 
the OEEC via the foreign body forceps of the endoscope. 
Constant medical treatment and frequent otoscopy was 
performed over a time period of six weeks and led to 
a complete recovery of the right ear (Fig. 15). The left 
OEEC also showed a good recovery, but, due to swollen 
epithelium and osseous changes of the petrosal bone, 
the OEEC was completely obstructed and the TM was 
not visible (Fig. 16). The pathogenesis of THO is contro-
versial. Pownder et al. (2010) suggested that infectious 
causes, such as the haematogenous spread of bacteria, 
leading to external otitis secondary to otitis media/
interna will induce THO. Recent publications strengthen 
the hypothesis of degenerative changes within the tem-
porohyoid joint (Walker et al., 2002; Naylor et al., 2010). 
According to our findings in this case, we question this 
hypothesis. Neither Walker et al. (2002) nor Naylor et 
al. (2010) had performed an otoscopic examination to 
rule out the presence of external otitis. Aggravating 
the diagnosis of otitis and according to our experience, 
most horses do not show pain on digital pressure when 
applied to the base of the ear, or even exudate from the 
ear. None of the horses with external otitis, including the 
Quarter Horse mare, showed increased head-tossing, 
ear-rubbing or exudation from the ear. Due to the rea-
sons given, the existence of ear infections cannot be 
excluded simply by the physical examination and case 
history of the horse.

In the case of the Quarter Horse mare, it can be 
assumed, on the basis of the otoscopic examination and 
bilateral pathological findings, that the external otitis ini-
tiated the THO. Anatomical vicinity between the EEEC 
and temporohyoid joint, as well as the thin epithelial 
layers of the OEEC and direct contact to the underlying 
petrosal bone (Jahn and Santos-Sacchi, 2001; Sargent 
et al., 2006), will consecutively lead to an involvement 
of the middle/inner ear including the facial nerve canal, 
tympanic cavity and temporohyoid joint, causing facial 
nerve paralysis and vestibular disease. In this case, the 
severity of the left-sided external otitis was correlated 
with the degree of severity of the THO. Therefore, vet-
erinarians should be aware that an otoscopic examina-
tion should be performed in all horses with facial nerve 
paralysis and/or vestibular disease. 

We found white patches within the pars tensa of 
the TM in two ears. In all of those TMs, translucent 
ossicles could be excluded due to different location and 
appearance. Consulting human literature and otolaryn-
gologists, we hypothesize that those white plaques could 
be tympanosclerotic changes within the eardrum. Tym-
panosclerosis is considered to be the most common 
abnormality in human TMs (Rensink, 2012). It is thought 

to be a result of chronic ear disease, such as earlier mid-
dle ear infections or traumatic injuries of the TM (Bhaya 
et al. 1993; Saunders and Wakely, 2013). Histologically, 
tympanosclerosis represents hyalinised collagen within 
the fibrous and elastic layers of the lamina propria in 
the squamous epithelium of the TM (Bhaya et al., 1993). 
Calcification or ossification can occur in some plaques 
(Saunders and Wakely, 2013). The appearances of tym-
panosclerotic changes are very variable (Rensink, 2012). 
They are mostly oval-shaped dense white patches, but 
they can also be arranged in small spots (faint cloudi-
ness), circumferential around the annulus fibrosus or in 
any fashion. Contrary to otosclerosis, tympanosclerosis 
does not usually cause appreciable hearing loss and, 
once developed, it does not progress (Saunders and 
Wakely, 2013).

The otoscopic examination is a safe, non-invasive, 
inexpensive, and simple to perform diagnostic procedure 
that requires minimal restraint and provides valuable 
information about the health and diseases of the EEEC 
and TM. Otoscopic findings, such as the three different 
stages of external otitis and tympanosclerosis, could be 
discovered and visualised for the first time. In the future, 
more horses with THO have to be otoscopically exam-
ined to support the hypothesis that THO can be caused 
by severe otitis. Histological examinations of tympano-
sclerotic changes should be performed in the future to 
rule out differential diagnoses, such as cholesteatoma 
or otosclerosis (Gibb, 1976). The relevance of decreased 
hearing ability in horses with these pathological findings 
needs to be evaluated.
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