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ABSTRACT: This study aimed to determine and compare corneal sensitivity values in different regions of the cornea in five horse breeds. One
hundred and forty five healthy horses, adults of both sexes, of the following breeds - Arabian horse (AH,; n=20), Mangalarga Marchador (MM;
n=50), Pure Blood Lusitano (PBL; n=35), Quarter Horse (OH; n=20), Brazilian Sport Horse (BSH; n=20)-were investigated. Corneal touch
threshold (CTT) was measured with a Cochet-Bonnet esthesiometer in five different corneal regions. Measurements of the median central CTT
were: 4.50+0.50cm (AH), 3.50+0.56cm (MM), 3.00+£0.25¢m (PBL), 2.50+0.44cm (QH) and 2.50+0.00cm (BSH). The central region was the
most sensitive and the dorsal region the least sensitive corneal region for all breeds. CTT values differed for corneal regions and horse breeds.
The CTT values were different among the corneal regions and the horse breeds. Arabian horses presented higher sensitivity values being the
most sensitive in all of the corneal regions.
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Sensibilidade corneana em cinco racas de equinos

RESUMO: Objetivou-se com o presente estudo, determinar e comparar valores de sensibilidade corneana em diferentes regides da cornea
em cinco ragas de equinos. Foram investigados 145 equinos higidos, adultos de ambos os sexos, das racas: Puro Sangue Arabe (PSA; n=20),
Mangalarga Marchador (MM; n=50), Puro Sangue Lusitano (PBL; n=35), Quarto de Milha (QH; n=20) e Brasileiro de Hipismo (BSH;
n=20). O limiar tactil da cérnea (LTC) foi mensurado com o auxilio do estesiometro de Cochet-Bonnet, em cinco diferentes regioes da cornea
(central, nasal, ventral, temporal e dorsal). Os valores médios das mensuragées do LTC central foram: 4,50+0,50cm (PSA), 3,50+0,56cm
(MM), 3,00+0,25¢m (PSL), 2,50+0,44cm (OM) e 2,50+0,00cm (BH). A regido central foi a mais sensivel e a regido dorsal a menos sensivel
para todas as racas. Os valores de LTC diferiram para as regides da cérnea e entre as racas dos cavalos, sendo a raca Puro Sangue Arabe o
que apresentou valores maiores de sensibilidade, desta forma sendo o mais sensivel em todas as regioes corneanas.

Palavras-chave: Puro Sangue Arabe, Eqqus caballus, Cochet-Bonnet, limiar tdctil corneano.

INTRODUCTION to other animals such as dogs and cattle (KAPS et

al., 2003; WIESER et al., 2013). It can be affected by

Equine corneal diseases are recurring
because the activities in which this species is inserted,
such as horseback riding, racing, riding and working
in the field (BARRET et al., 1991; REICHMANN et
al., 2008). Thus, they are subject to frequent injury
to the cornea and conjunctiva concomitant with
pain and discomfort and depending on the degree
of vision impairment, the animal may become
unusable for work (LAVACH, 1990; BROOKS &
MATTHEWS, 2007).

Corneal sensitivity has alert function for
possible injuries or diseases (BROOKS et al., 2000).

+ In horses, the sensitivity values are higher compared
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several factors, including the skull anatomy and orbit
that change the positioning and insertion of the eyeball
in each breed, ambient temperature and humidity
and age of the individual (LACERDA et al., 2014;
MONCAO-SILVA et al., 2016). Factors that may
influence the corneal touch threshold (CTT) values
have already been studied in horses (BROOKS et al.,
2000; KAPS et al., 2003; WIESER et al., 2013), birds
(LACERDA et al., 2014), dogs (KOBASHIGAWA
et al., 2015) and cats (BLOCKER & VAN DER
WOERT, 2001). However, studies that addressed the
mechanism and values of corneal sensitivity in horses
are scarce, and when carried out, data were reported
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without breed subdivision (BROOKS et al., 2001;
KAPS et al., 2003; WIESER et al., 2013).

The degree of corneal surface stimulation
necessary to cause a blink reflex has been measured
in humans and rabbits with the platinum filament of
the Larson-Millodot aesthesiometer, and dogs and
cats with the nylon filament of the Cochet-Bonnet
aesthesiometer (DE FELIPE et al., 1999; BLOCKER
& VAN DER WOERT, 2001; GOLEBIOWSKY et
al., 2011). The Cochet-Bonnet esthesiometer is used
to determine the corneal touch threshold (CTT),
at which a blink reflex, retraction of the eyeball or
incursion of the third eyelid is induced in response to
a stimulus (MULLER et al., 2003; KAPS et al., 2003;
WIESER et al., 2013).

The aim of the present study was to
establish reference values and compare the results
for sensitivity of the different corneal regions in the
adults Arabian horse (AH), Mangalarga Marchador
(MM), Pure Blood Lusitano (PBL), Quarter Horse
(QH) and Brazilian Sport Horse (BSH) breeds.

MATERIALS AND METHODS

One hundred and forty-five healthy adult
horses, of both genders, from private horse farms,
were used in this investigation: Pure Arabian Blood
(n=20), Mangalarga Marchador (n=50), Pure Blood
Lusitanian (n=35), Quarter Horses (n=20) and the
Brazilian Equestrian (n=20). The examination was
performed in outdoor enclosures and measurements
were then registered with the breeds’ respective
associations along with certification for the breed to
which each of them belonged.

Before the study, each animal was subjected
to a complete physical examination. Animals with
signs of systemic disease (clinical or laboratory),
pregnancy, analgesic or anti-inflammatory use, or
periocular or ophthalmic disease were excluded.
The tests were performed between 08 and 11h, with
temperatures ranging from 27 to 30.5°C and humidity
from 55 to 65%. Only cooperative, non-sedated
horses were used. The aqueous portion of the tear film
was measured in the left eye using sterile Schirmer
tear test strips (Ophthalmos®, Sao Paulo, Brazil) and
horses with less than 15mm min™ of tear production
were excluded.

Corneal touch threshold (CTT) was
measured in the right eye of each horse in the nasal,
ventral, dorsal and temporal regions, approximately
2mm from the limbus, and in the center of the cornea,
using a Cochet-Bonnet esthesiometer (Luneau
Ophthalmologie, Chartres Cedex, France) (Figure 1).

The procedure was performed by gently touching the
cornea with a nylon filament, 0.12mm in diameter.
The maximal length of the filament (6cm) was used in
the initial test, in which the cornea was touched three
times in an attempt to elicit a blink reflex. If no reflex
was observed, the filament length was reduced by
0.5cm, and the test was repeated until reflexes were
elicited for all three contacts, or until the shortest
length (0.5cm) was reached. The final filament
length was recorded in centimeters, with higher
values corresponding to greater corneal sensitivity.
After investigation the periocular region and anterior
segment of both eyes were evaluated and stained with
fluorescein dye (Ophthalmos®) to exclude animals
with corneal lesions.

Statistical analysis was conducted with
SPSS version 2.2 (IBM). Shapiro—Wilk test was
used to assess the normality of the variables.
Kruskal-Wallis test was used for comparisons of
variables among the different breeds. Friedman
test was used for comparison between corneal
regions in the same breed. To evaluate the effect
of gender on the central CTT, the Mann-Whitney
test was used and the association between age
and central CTT was assessed using Pearson’s
correlation coefficient. For all analyses, P<0.05
was considered significant.

RESULTS

The results obtained for Schirmer tear
test I (STT-I) were normally distributed according
to Shapiro—Wilk test, and there were no significant
differences between gender and ages. The mean (+
SD) STT-I values were all above 15mm in all groups.

When measuring the CTT, a greater
sensitivity reflex, manifested as retraction of the eye
and eyelids, was reported in the AH relative to other
breeds. In the other studied breeds, normal reflex of
eyelid incursion was observed in AH, without the
same intensity.

The median (£S-IQR) CTT values of the
corneal regions are presented in table 1. The CTT
values for the central region were significantly
different among breeds (Figure 1), with the AH being
the most sensitive and the QH and BSH the least
sensitive for this region. The MM and PBL horses
presented similar values.

The central region was the most sensitive,
followed by the nasal, temporal, ventral and dorsal
regions, the latter being the least sensitive (P<0.05)
(Figure 2). Regional significant variation in corneal
sensitivity was identified (P<0.05).
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Figure 1 - The five regions of the cornea evaluated. D = Dorsal, T = Temporal, V = Ventral, N = Nasal and C = Central.

DISCUSSION WIESER et al., 2013; KOBASHIGAWA et al., 2015),

chinchillas (LIMA et al., 2010; MULLER et al., 2010),

Esthesiometry has been studied in different
species, including humans (GOLEBIOWSY et al,
2011), cats (CHANG-LING, 1989; BLOCKER & VAN
DER WOERT, 2001; WIESER et al., 2013), rabbits
(WIESER et al., 2013), dogs (BARRETT et al., 1991;

alpacas (WELIHOZKIY et al., 2011; RANKIN et al.,
2012), goat, guinea pigs, cows and sheep (WIESER
et al.,, 2013), birds (LACERDA et al., 2014), turtles
(SOMMA et al., 2015) and horses (BROOKS et al.,
2001; KAPS et al., 2003; WIESER et al., 2013).

Table 1 - Median values + semi-interquartile range of corneal touch threshold for central, nasal, temporal, ventral and dorsal corneal regions
of 145 healthy adult horses.

.,

:"‘: \ Breeds Central Nasal Temporal Ventral Dorsal
B PSA 4.50+0.50° 4.00+0.25 3.2540.50™ 3.10+0.50 3.00+0.06¢
« S MM 3.50+0.56" 3.50+0.56" 3.00+0.50° 3.00£0.50° 2.00+0.25¢
PSL 3.00+0.25° 3.00+0.25° 2.50£0.50" 2.50£0.50° 1.00+0.50°
o3 QM 2.50+0.44° 2.50+0.50° 2.00£0.44° 2.00£0.44° 1.00£0.25°
\ BH 2.50+0.00° 2.50£0.00° 2.00:£0.00" 2.00:£0.00° 1.00+0.25°

AH - Arabian horse, MM — Mangalarga Marchador, PBL - Pure Blood Lusitano, QH - Quarter Horse, BSH - Brazilian Sport Horse.
Different superscript letters indicate significant differences between corneal regions.
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Figure 2 - Comparison of the median values + semi-interquartile range of the central corneal touch
threshold (CTT) in the right eye (OD) for different breeds. Different letters indicate significant
differences between breeds. AH - Arabian horse, MM - Mangalarga Marchador, QH - Quarter
Horse, BSH - Brazilian Sport Horse, PBL - Pure Blood Lusitano.

Previous investigations have shown no
significant differences between an individual’s
two eyes with respect to CTT evaluations
(GOLEBIOWSKY etal.,2011; WIESER etal.,2013).
Moreover, two measurement results per animal can
hinder the degrees of freedom in the statistical model,
leading to a reduction in statistical power, and the
need for a higher caseload (GOLEBIOWSKY et al.,
2011). Therefore, since no additional information is
gained by measuring both eyes of every individual
(GOLEBIOWSKY etal.,2011; WIESER et al., 2013)
we measured only one of their eyes.

The median CTT value for normal adult
horses of a heterogeneous breed group is 5.5cm
(BROOKS et al., 2001), which differed from the
median values reported in this study for AH, MM,
PBL, QH and BSH breeds. This variation might be
associated to different densities of corneal innervations
or to anatomy, use and skills of each breed, but these
possibilities require further investigation (BROOKS
et al., 2001; WIESER et al., 2013). CTT values
reported in the present study were different than

reported by BROOKS et al., 2001; KAPS et al., 2003;
WIESER et al., 2013. In these studies, there was no
results specific for breeds and the studied groups have
consisted of few animals, with heterogencous age
range, including neonates and foals.

BROOKS et al. (2001) observed higher
CTT wvalues in neonates (5.33+0.60cm) and adult
(5.54+0.57cm) horses of distinct breeds. KAPS et al.
(2003) reported decreased values in 1 - 4 years foals
(23.64+4.41mm) and 5 - 10 years (21.25+5.97mm)
and over 10 years (19.17+7.20mm) adult animals.
In addition, WIESER et al. (2013) reported
decreased values (1.23+£1.07g mm™) in a smaller and
heterogeneous group. In the present study there was
no significant difference when correlating the results
of CTT with age and gender of the animals and within
the groups (Table 2). We can then suggest, based in
the proximity of the animals ages, that there is no
influence of age and gender of animals in the CTT
values found.

The nerve fiber density is greater in the
central cornea of dogs, cats, rabbits and humans and
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Table 2 - Age and gender of 145 healthy adult horses.

Breed - N Age (years)
AH - 20 6-—8
MM - 50 6-14
PBL - 35 7-14
QH -20 7-11
BSH - 20 6-14

Gender

7 male - 13 female
16 male - 34 female
17 male - 18 female
8 male - 12 female
12 male - 8 female

AH — Arabian horse, MM - Mangalarga Marchador, PBL - Pure Blood Lusitano, QH - Quarter Horse, BSH - Brazilian Sport Horse.

consequently, it is more sensitive than peripheral
regions (CHANG-LING, 1989; BROOKS et al.,
2001; GOLEBIOWSKY et al., 2011). This variation
in ocular sensitivity might be related to genetics,
management or anatomy of each breed. Other studies
have shown differences in CTT values for the horse’s
different corneal regions, following the order (highest
to lowest): central, nasal, temporal, ventral and
dorsal (BROOKS et al., 2001; KAPS et al., 2003).
In the breeds MM, QH, PBL and BSH, there were
similarities between central and nasal regions, as well
as between ventral and temporal regions (P>0.05).
This was not observed in the AH, which presented a
statistically significant difference between the central
region CTT and the other regions of the cornea
(P<0.001).

A statistically significant difference was
observed between the dorsal corneal region and all
other regions of the cornea within all breeds, similar
to findings by BROOKS et al. (2001) and KAPS et
al. (2003). The decreased sensitivity of this region
might be due to reduced nerve supply, as well as
to permanent contact of the superior eyelid, which
might result in that region’s adaptation to pressure
during eyelid incursions (MILLODOT, 1984; KAPS
et al., 2003).

The AH presented significant statistical
differences from the other breeds in all regions,
which could be justified by this breed’s unique cranial
shape and prominent eyes (SADEK et al., 20006).
However, it should be noted that BLOCKER & VAN
DER WOERDT (2001) reported lower sensitivity of
the central cornea in brachycephalic cats, which also
have prominent eyes.

In cats, the combination of prominent
eyes and decreased corneal sensitivity may
make these animals more susceptible to chronic
keratitis, corneal ulceration and corneal sequestrum
(BLOCKER & VAN DER WOERT, 2001). The QH
presented the lowest central corneal sensitivity and

this might explain the high incidence of ulcerative
keratitis reported in this breed (DE LINDE
HENRIKSEN et al., 2014).

Thus, considering the anatomical
differences among breeds, the results of evaluations
for CTT, among other parameters, should be
compared whenever possible within the same breed,
and the evaluations should be conducted under similar
environmental conditions.

In the present study, significant
differences of corneal sensitivity were observed
for the different studied breeds. Arabian horses
presented the highest sensitivity values among the
other groups of studied breeds in all of the corneal
regions, being the most sensitive.
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