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Abstract
Introduction

Ophthalmic examination in the horse is generally limited to crude assessment of vision and
screening for ocular lesions. The refractive state of equine eyes and the potential impact on

vision and performance requires further investigation.
Objective:

To assess the refractive state of a large, mixed breed sample of horses and ponies in the

United Kingdom (UK).
Procedure:

The refractive state of both eyes of 333 horses and ponies was determined by streak
retinoscopy and the effect of age, height, gender, breed and management regime on the

refractive state assessed.
Results:

The majority of eyes tested were emmetropic (83.63%), with 68.5% of horses having
refractive errors of < -0.50D or > +0.50D. Refractive errors of greater than 1.50D (in either
direction) were found in 2.7% of the eyes tested. Ametropic eyes included hyperopia (54%)
and myopia (46%). Anisometropia was found in 30.3% of horses and ponies. Breed of horse /

pony was the only factor that affected refractive state (in the left eye only, p<0.05) with



Thoroughbred crosses having a tendency towards myopia and Warmbloods / Shires towards

hyperopia.
Discussion / Conclusion:

The retinoscopic survey found emmetropia to be the predominant refractive state of the
equine eye with no evidence of an overall trend towards myopia or hyperopia. However,
individual and breed related differences were found. Such factors should be considered in the
selection of horses for sport and leisure, and when evaluating their performance potential.
More comprehensive visual testing would be valuable in identifying underlying causes of

behavioural problems.
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Introduction

Veterinary ophthalmic examination in the horse is generally limited to a crude assessment of
vision and screening for ocular lesions and does not often include determination of refractive
state. Although the effect of refractive errors on vision and visual performance may be
profound, the occurrence of refractive errors in equine eyes and the potential impact on
performance warrants further investigation (1,2). Refractive state is defined as normal
(emmetropic) when distant images are in focus on the photoreceptor layer in the absence of
accommodation (3), which is only possible when the eyeball length is in proportion to the
combined optical power (4,5). This relationship is particularly important in the horse, which
has only limited dynamic accommodation (7). This ideal relationship is not innate (5,8), and
in humans is the result of multiple factors including correct development during infancy

(9,10), environmental factors (3,11,12,13,14) and genetic predisposition (15,16).

Refractive errors (ametropia) and the resultant blurred images occur when the focal point of
an image is not on the retina but in front (myopia) or behind (hyperopia) it (17). Other
refractive errors include presbyopia (from a change in lenticular elasticity) and astigmatism
(generally from unevenly shaped cornea, lens or both) (17). In humans, refractive errors are
common, with myopia occurring in 20 - 25% of the adult European population (18) and in up
to 80% of some Asian populations (6,19). Contributing factors include ethnic origin, habitat

(urban/rural), profession, and education (14). Variation within animal species has also been



found, with refractive errors in dogs relating to both breed/skull morphology and to selection
for performance (20,21). Amongst wild mammals the most common refractive state is a low

degree of hyperopia (14,22).

The prevalence and type of refractive error occurring in equine eyes has received only limited
investigation. Calculations of the normal equine refractive state on a schematic eye model
resulted in a slightly hyperopic eye (+0.61D) (20). Harman et al. tested refractive error in 15
horses using retinoscopy and found most had no or only a small error with a tendency
towards hyperopia which increased with age (23). In contrast, myopia was found in an early
retinoscopic assessment of 100 equine eyes (24) , whilst with the same methodology two
large scale studies involving 93 (25) and 150 horses (26) found emmetropia in 46% and 57%
of their population respectively. Another study (n=117 horses) that included many foals,
found 52% to be hyperopic (27). These studies (25,26,27) found an incidence rate of
astigmatism in 23%, 6% and 15% respectively, whilst 43% of the eyes tested by Smith (24)
were astigmatic. In a more recent study, Rull-Cotrina et al. compared the refractive state of
Spanish Thoroughbred and crossbred horses and although the most prevalent refractive state
was found to be emmetropia, there was a higher occurrence of myopia in the Thoroughbreds
(28). Grinninger et al. also found a tendency to myopia with age in their retinoscopic
evaluation of healthy equine eyes, with age-related changes occurring from the age of 7.5

years (29).

In the study by Rull-Cotrina et al. the administration of cyclopentolate ophthalmic solution in
18 of the horses was found to have no effect on retinscopy findings. (28). However,
McMullen et al. found that topical application of tropicamide 1% resulted in blurry or
reversing streak reflexes during subsequent streak retinoscopy (if maximal pupil dilation had
not occurred) in almost half of the eyes tested (30). It was concluded that optimal streak
retinoscopy results may be obtained prior to (or 40-45 minutes following) application of

topical tropicamide 1% (30). No such treatment was used in the current study.

The potential impact of a refractive error on the horse’s visual ability, performance and safety
is unclear, but substantial refractive errors would be expected to have an adverse effect on
these. The aim of this study was to conduct a survey of the refractive state of horses and

ponies from a variety of disciplines within the UK using a large mixed breed sample.



Materials and methods
Subjects

Horses and ponies (n=375) kept at yards located in the Midlands area of the UK were initially
assessed for inclusion in the study. The yards were selected by opportunistic sampling
through local contacts within the equestrian industry. Written informed consent was obtained
from owners of each horse used in the study (in accordance with the ethical review policy of
Nottingham Trent University), in addition to details relating to age and management. Horses
were not included in the study if they failed to stand still during the retinoscopic examination
of one or both eyes (n=17). Horses (n=25) were also excluded from the study if the Purkinke-
Sanson reflexes were not apparent and could not be be aligned with the retinoscope (due to
repeated head movement by the horse / pony) (see below for details of this process). This
resulted in the measurement of the refractive state of 333 horses and ponies (666 eyes),
including 103 mares, 224 geldings and 6 stallions. Ages ranged from 1-27 years (mean age =
9.36 +3.96 years). Breeds / type included Thoroughbred (n=85), Warmblood (n=26),
Thoroughbred / Warmblood / other crosses (n=109), Cob (n=59), Shire (n=13) and other /
unknown (n=41). Heights ranged from 132-180 cm (mean height = 161.49 +7.79cm). The

management regime of each animal was recorded (field, stable or combined stable/turnout).
Testing for refractive error

Each horse was brought into a darkened stable within its familiar environment and allowed to
settle for a couple of minutes before the assessment. Streak retinoscopy was performed in
horizontal and vertical meridians using a hand held streak retinoscope (Hamblin 832) and a
trial lens set (with individual -ve/+ve lenses: 0.50, 1.0, 2.0, 3.0 and 4.0) with a working
distance of 65 cm using the techniques described by Davidson (31) and Corboy (32). The
movement of the central retinal reflex was judged against the one visible in the centre of the
pupil, as described in detail by Corboy (32), with all examinations being carried out by the
same examiner. The method was repeated in each eye and mean values were used in

subsequent analyses.

All refractive assessments were performed without mydriasic / cycloplegic agents. The study

was carried out in accordance with the Nottingham Trent University research ethics policy.
Data Collection and Analysis

Emmetropia was defined as a refractive state between -0.50 D and +0.50 diopters, (22) as in

Chung et al. (18). Mean refractive error was calculated for each eye and any differences
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between the meridians noted. Refractive state of both eyes was recorded for each horse. The
effect of the following factors on refractive state was assessed: age, height, gender, type and

management regime.

Data analyses were conducted using IBM SPSS (19) statistics package and non-parametric
analyses were used throughout (Kolmogorov Smirnov test). Prevalence of refractive errors
was recorded, with differences between right and left eyes, and differences between vertical
and horizontal meridians, tested using the Wilcoxon signed-ranks test for paired data.
Correlations between age and wither height and refractive state were assessed (Spearman’s
Rank Order Correlation). The effect of gender, breed and management regime on refractive
error was evaluated using the Kruskal-Wallis test, followed by pair-wise comparisons (Mann-

Whitney U test). Values of p<0.05 were considered significant.
Results

Of the 333 horses tested 228 (68.5%) were found to have no refractive error in either eye. Of
the 666 eyes tested 557 (83.63%) were emmetropic. Ametropia (refractive error < -0.50D or
> +0.50D) occurred in the other 109 eyes and ranged from -5.00 to +5.00D. See Fig. 1.
Eighteen (2.7%) eyes had a refractive error of greater than 1.50D (in either direction), which
constitutes only 16.5% of all occurrences of ametropia. Of the 109 ametropic eyes 59
(8.86%) were hyperopic and 50 (7.51%) were myopic. Four horses (1.2%) were hyperopic in
both eyes (+0.50 to +3.00D). No horses were found to be myopic in both eyes. Only four
horses (1.2%) were found to have a refractive error of greater than 3 D (three were myopic
and one hyperopic) and in each case this was in one eye only. These four horses were of
varying height (149.86cm to 165.1cm) and type (as shown in Fig. 1, Table 1), consisted of
three geldings and one mare, and were all 8 years or older (8, 9, 13 and 13). No other

problems with their eyes or behaviour had been reported.

Anisometropia (where the refractive power of the two eyes differs by more than 0.5D)
occurred in 101 (30.3%) horses. In 51 (15.3%) of the horses hyperopia was present in one eye
(+0.50D to + 5.00D). In 50 (15.00%) of the horses myopia was present in one eye (-0.50D to
-5.00D). When left and right eyes were considered separately it was found that 54 (16.22%)
of the horses had refractive error in the left eye only (-5.00D to +4.00D) and 47 (14.11%) had
refractive error in the right eye only (-4.50D to +5.00D). No horses with anisometropia were
myopic or hyperopic in both eyes. No significant difference between left and right eyes was

found.
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Figure 1: Range of refractive errors found in different horse and pony breeds

No significant difference in the refractive power of the vertical and horizontal meridians
(astigmatism) was found. Differences in refractive error between the two meridians (vertical
90° and horizontal 180°) were found in six left eyes and five right eyes but these were all of

0.50D and the direction of the difference was not consistent.

No significant differences in refractive state were found in relation to gender or management
style. There was however a significant effect of breed of horse on refractive state of the left
eye only (Kruskal-Wallis test: X2 (5)=11.197, p = 0.048). No significant effect of breed was
found in the right eye (Kruskall-Wallis test: X2 (5) = 5.232, p = 0.388). The range of
refractive error found in each breed / type of horse (both eyes combined) is shown in Fig. 1.
Details of the range of refractive errors found in left and right eyes in relation to type, gender
and age are shown in Table 1. Significant differences in refractive error were found between
Thoroughbred crosses and Warmbloods (z=-2.763, p=0.006) and between Thoroughbred
crosses and Shires (z=-2.247, p=0.025). There was a tendency towards hyperopia in

Warmbloods and Shires, and towards myopia in Thoroughbred crosses.

No significant correlation between refractive error and height or age of horse was found.



Table 1: Range of refractive state in relation to type, gender, age and height of horse. Where
significant differences in refractive error were found between types (Mann-Whitney U test)
this is shown as *p<0.05, **p<0.01.

% % g % é_ ‘%g § g % % Refractive state (D)
g ®EfI 25 5 =3 £ E f
o Z ° < < >2 < E - E
@ X TE s 3 »® 5
a* 2 06 12-12 12 (+0.0) 152-157 (155) 0 0 0 0
TB 3 57 171 3-27 9.9 (¥4.1) 152-173 (162.5) -4 3 -0.75 1.125
Q 26 7.8 3-25 9.4 (£5.4) 155-178 (162.5) 0 2 -1 1.625
TBx* ** 3 23 6.9 3-25 10.0 (+4.7)  152-180 (160) -1 2 -1.25 0.5
’ Q 10 3.0 4-14 8.9 (£3.1) 150-162.5 (157.5) -0.5 05 0 0
a* 1 0.3 10 10.0 (+0.0)  157.5 0 0 0 0
TBxWB J& 37 111 2-21 9.6 (£3.4) 157.5-178 (165) 2 15 -425 1875
Q 16 4.8 2-18 9.6 (+4.5) 157.5-175 (165) 0 0 -1125 0.875
WB* 3 18 54 3-15 9.2 (+3.8) 160-180 (170) 0 15 -1875 0.5
Q 8 24 3-14 9.5 (£3.3) 165-180 (172.5) 0 4 0
a* 1 0.3 10 10.0 (£0.0) 1625 0 0 0
WBx 3 12 3.6 5-14 10.2 (+2.8)  155-180 (165) -1 0 -0.5
Q 9 27 4-14 8.0 (£3.4) 157.5-175 (165) 0 0 0 1.125
a* 2 06 4-7 5.5 (¥2.1) 157.5-160 (157.5) 0 0 0
Cob ) 37 111 115 8.2 (£3.4) 150-165 (157.5) -0.5 15 -3
Q 20 6.0 5-21 10.1 (¥4.2)  150-162.5 (157.5) -05 2 -1.5 4.75
Shire* 3 10 3.0 2-13 6.9 (+3.5) 167.5-178 (173) 0 05 0 2.75
Q 3 09 7-12 9.7 (£2.5) 165-175 (170) 0 0 0
Other ) 30 9.0 1-16 9.25(+4.3)  132-173 (152.5) -5 3 -1.625
Q 11 3.3 5-16 9.15(+2.5)  145-160 (152.5) -15 15 15 0.625
KEY d* =Stallion; TB= Thoroughbred; WB= Warmblood; x= Cross




Discussion

The majority of eyes in this study were emmetropic (83.63%), with 68.5% of all horses tested
having the no refractive error in either eye (within the >-0.50 and < +0.50D classification).
Fewer refractive errors were found than in previous studies, although emmetropia was shown
to predominate in all but the early study by Smith (24). Of previous work the closest to the
findings of this study were those of Duval where 57% of the 300 eyes tested were found to be
emmetropic (26) (see Fig. 2 for a comparative summary of the results of this and previous
studies). When refractive errors occurred, in only 18 (2.7%) eyes were these greater than
1.50D although the range found (-5 to +5D) was greater than the -3 to + 3D reported to be
typical of healthy horses (33). Of the four horses that were found to have a refractive error of
greater than 3 D (three myopic and one hyperopic) this was in one eye only. Behavioural
signs relating to lateral differences in visual ability (anisometropia) may well occur and
visual testing for ametropia as well as for optical pathology is indicated. Unlike the findings
of some previous studies [25,26,27,28] no significant astigmatism was found. This is
comparable to the findings of Sivak and Allen who did not find refractive variation in a single

eye of greater than 1.00D in any direction [7].

Age related changes in refractive error in the developmental stage are common in a number
of species and are associated with the growth of the eyeball. Orbital shape influences eye
morphology and refractive error relates to axial length (6). The tendency, in some species at
least, is for animals to be born hyperopic with early age-related changes moving towards
emmetropia (5). For example, Thomson gazelle (Gazella thomsoni) were found to be
hyperopic at birth (approximately 3.44 +0.31D) but by day 50 the animals were virtually
emmetropic (22). This link between hyperopia and very young animals may in part explain
the findings of Lof, whose sample of 117 horses included a large number of foals (youngest
three days old). The results of Lof’s study found 52% of the equine eyes tested were
hyperopic and this was more common than emmetropia, with an estimate of the rate of
emmetropization being measured as -0.60D a decade (27) (Fig. 2). In contrast, Harman et al.
found a tendency towards increased hyperopia with age in horses (23), similar to human
presbyopia (age related onset of hyperopia). No relationship between age and refractive state
was found in the current study. Only seven animals under three years old were tested (three
one-year-olds and four two-year-olds), five of which had no refractive error and two (two-
year-olds) had refractive errors in one eye only of +0.50 and +3.00D respectively. No animals

below the age of thirteen months were included in this study. In humans up to the age of six
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or seven years the normal refractive state is slightly hyperopic (0.40-1.00D), with adults (20 —
36 years of age) being on average a little myopic (-0.50D) (9). In humans axial length
increases by 190.8%, from 12.5mm (25 week old baby) to 23.85mm in grown adults (34),
whereas in horses it increases by only 128.8%, from 33.47mm to 43.1mm (35). A smaller
axial length increase could be associated with a decreased variation of refractive errors,
manifesting in more emmetropic individuals as found in the current study. Apart from soon
after birth it appears unlikely that, in the majority of cases, the refractive state of equine eyes

alters to any great extent throughout the life of the animal.

A relationship between refractive error and horse breed was found with the occurrence of
hyperopia and myopia showing variation (see Table 1 and Fig. 1). Although no correlation
between height and refractive error was found, the eyes of the Shire horses (height range
approximately 170-180 cm) were all either emmetropic or hyperopic, with no instances of
myopia. Breed variations in equine skull morphology have been linked with other visual
characteristics such as retinal ganglion cell density, with longer heads positively correlating
with increases in ganglion cell density in the visual streak (36). Inter breed differences in
refractive state have been documented in dogs (21) and are influenced by skull morphology
(37). Rull-Cotrina et al. found differences between Spanish Thoroughbred and crossbred
horses, with the former showing a higher prevalence of myopia (28). In the current study the
Thoroughbred cross horses also showed a higher prevalence of myopia than the Warmblood
or Shire horses. Further investigation is required to determine the prevalence of breed-
specific variation. Breed-related differences in visual ability may affect performance. For
example, in the study by Ostberg dressage horses were more likely to have myopia than those
competing in other disciplines (25). In human studies profession was one factor found to
influence the occurrence and nature of refractive errors (14). Whether the type of training
used for dressage horses (as opposed to show jumpers, racehorses and other disciplines) has
increased this tendency, as noted in dogs trained for a specific purpose (21), or whether this is

related to breed, trait selection, management style or a combination of factors, is unclear.

Despite the use of the same methodology within this and the other large scale studies, there is
considerable variation in the findings (see Fig 2). Most notable is the study by Smith who
found the most common refractive state to be myopic, with a mean value of just under -1.00D
(24). However the normally fixed working distance in this study was variable (described as:
“standing at a minimum distance of four feet” (24), 1.22m). This apparently variable working

distance and the fact that the working distance has been factored with 1.00D rather than
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0.82D distort the normal distribution curve (Fig. 2). Re-evaluation of the data with the
“correct” working distance (Fig. 2: Smith (1894)%) results in a less myopic refractive state
with a mean of -0.78D. Even with this re-evaluation only one horse (2%) is in the low

hyperopic field outside the emmetropic bracket.

The variation in the results of the large scale studies could also be attributed to the effects of
different management techniques in early life that affect the refractive state. The visual
environment has been shown to influence refractive state by controlling changes in the axial
length of the eye during the postnatal developmental period in a number of species (38). It
has been demonstrated that deprivation of distant vision during a critical development time
for the eye, increases myopia in adulthood (11,12). In horses such restriction could be caused
by the lack of distant visual clues in stables, especially influencing the ocular development of
foals born and stable kept for the first months of their life. Thoroughbred foals are often
stabled in order to be safeguarded from the cold temperatures around their intended birth date
(as soon after 1st January as possible). Both Ostberg and Rull-Cotrina et al. found myopia to
be particularly prevalent in Thoroughbreds (25,28), although the same was not found in the
current study. This is possibly the consequence of having a large number of thoroughbreds
with a non-racing background in the sample and/or international differences in horse

husbandry.

Equines have small variations from the nodal point to the retina (23) making an identification
of the exact measurement location essential, without which measurement differences of up to
0.75D within the same subject are possible (7). In the current study each eye was measured
twice in each of the main meridians and to maximise the accuracy of each measurement,
refractive assessments were performed as close as possible to the optical axis. This was
located by ensuring the Purkinje-Sanson reflexes were in the centre of the pupil and
overlaying each other (31,32). A variation between the measurements occurred in one fifth

(20.42%) of the horses and was nearly exclusively of 0.50D nature.

In many species active accommodation may influence refraction results (39) and cycloplegic
agents are required (40). Horses have a normal accommodative ability of around 2D, which
falls within the range of the remaining accommodative ability of 1.00 to 2.50D after
cycloplegic instillation with the most powerful drug (4). Although Lof found a significant
difference between the refractive assessment of young foals (3 to 37 days old) with and
without cycloplegia, no difference in the measurements of yearlings (9 to 14 months old) was

found (27). No differences were found by Rull-Cotrina et al. (28). McMullen et al. found that
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1% tropicamide induced mydriasis and cycloplegia could make retinoscopy results less
accurate unless a period of 40-45 minutes was allowed to ensure maximal pupil dilation and
that optimal streak retinoscopy results could be obtained prior to this administration (30). In
the light of previous findings [4,28], and as the youngest horse in the current study was over

12 months old, it was not considered necessary to use cycloplegia in this study.

The refractive state of the eye will determine visual ability, in particular visual acuity. In
horses the greatest density of cone photoreceptors and retinal ganglion cells occur in the
temporal area of the visual streak and the visual axis extends from the centre of the pupil to
this area (41). In humans the optical and visual axes vary only minimally, with the visual axis
ending at the fovea and the optical axis ending at a point between the optic disc and the fovea
centralis (42). However, when interpreting the results of retinoscopy in terms of visual
ability, the potential effect of the discrepancy between the optical and visual axes should be

taken into account.

The visual ability of the horse and consequently its performance and behaviour will depend in
part on its ability to form an in-focus image on the retina of objects at varying distances. The
results of the current survey indicate that emmetropia predominates and no evidence was
found to suggest that there was a trend towards myopia or hyperopia, or age related changes.
Lateral differences in the occurrence of refractive errors were found in individual horses and
these may result in behavioural anomalies. Further work is required to determine the overall
effect of refractive errors on visual ability, but it is suggested that more comprehensive visual
testing would be valuable in determining performance potential and in identifying underlying

causes of behavioural problems.

Acknowledgements: We would like to thank the horse and pony owners for allowing their
animals to be used in this study.
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