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Abstract: With the aim to establish a correlation between ocular measurements and individual factors, 110
healthy adult donkeys of different sizes and age were used giving a total of 220 eyes. On each donkey ocular
ultrasonography was performed and the Globe Axial Length (GAL), Anterior Chamber depth (ACd), Vitreous
depth (VCd), Lens diameter (Ldi) and Lens thickness (Lt) were measured. The differences between groups of
animals, divided according to the gender, weight (<200 and >200 kg) and age (<10 and 210 years) categories
have been estimated. No gender differences have been found. After application of analysis of variance all
measurements with exception of Lt were found to be correlated with the weight while only I.t had a statistical
significance for differences between age categories. As mn people a relationship between age and lens thickness
has been established n the present work for donkeys. It appears that as with the horse, the donkey lens grows
throughout the life of the animal. These data could act as a pilot study to establish the growth pattern of the
crystalline lens in the donkey and its relationship to the incidence of some important diseases.
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INTRODUCTION

The ultrasonographic evaluation of the eye 15 an
unportant procedure allowing the visuvalization of
intraocular and retrobulbar structures and the diagnosis
of several abnormalities both in human and in veterinary
medicine (Reef, 1998, Scotty et al., 2004; Michau, 2005;
Dietrich, 2007, Lorente-Ramos ef al, 2012). Ocular
ultrasound mn Equidae 1s particularly indicated when 1t is
mmpossible to directly visualize deeper structures of the
globe as m cases of comeal edema or opacification,
cataract, ocular protrusion or indicated in suspicion of
disparity in globe size (Withcomb, 2002).

Ultrasonography can be performed in the standing
horse and only m selected cases will sedation or local
nerve block be required. Equine ocular biometry has
already been performed to establish a range of
measurements for healthy animals (Mettenleiter, 1995;
Rogers et al, 1986, McMullen and Gilger, 2006;
Barsotti et al, 2010, Grnmnger et al, 2010).
Ultrasonographic biometry of the eye in healthy adult
donkeys has also been performed by the researchers in a
earlier study (Laus ef al., 2013). Ocular measurements
mcluded Globe Axial Length (GAL), Anterior Chamber
depth (ACd), Vitreous depth (VCd), Lens diameter (I.di),

and Lens thickness (I.t). The data obtained and reported
in that study suggested that gender did not represent
a variability factor for ocular biometry in donkeys. This
has also been noted m people (Augusteyn, 2007, 2008).
However, the weight of the animals was directly related to
the ultrasonographic ocular size. Lens dimensions did not
appear be correlated with body weight and further studies
to assess a possible statistical relationship were
suggested as this had been demonstrated mn human
subjects (Michau, 2005). The lens thickness in human 1s
considered a sigmificant risk factor for age-related
cataract, nuclear cataract, presbyopia, hyperopia and
primary angle-closure glaucoma (Shui and Beebe, 2008;
Tonas et al., 2012). Since, it is known that equine lens
grows during embryonic development and continues to
grow throughout life (Colitz and McMullen, 2011) in
the present research the researchers tried to verify
the hypothesis that lens thickness, measured by
ultrasonography 1s related to age in donkeys.

MATERIALS AND METHODS

One hundred and ten healthy donkeys (12 male and
98 female) of different weight (from 220-350 kg) and age
(from 2-19 years old) were used in this study, giving a
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total of 220 eyes for examination. A comprehensive
ophthalmological examination were performed and any
detected change represented a criteria for exclusion from
the study.

To estimate the live weight of each donkey, the
measurements of the heart girth (just behind the front
legs) and the length from the tuber ischii to the elbow
were recorded 1n centimeters. The weight in kg was than
calculated using the following formula: Fstimated
donkey weight (kg) = (heart girth*'*)=(length”®*)/3801
(Pearson and Ouassat, 1996, 2000). The age of all arumals
was directly taken from their passport. Minimal restramt
was used and sedation was never required.

For ultrasonography, a curvilinear transducer was
used, set to the highest frequency available and placed on
the closed upper evelid (13 MHz, MyLab™Cne, Esaote).
Depending on the animal size, ocular globe structures
were displayed at 4-6 cm in depth. The following
dimensions were measured for each eye of all subjects:
Globe Axial Length (GAL) from the comea to the retina;
Anterior Chamber depth (ACd) from the cornea to the
anterior reflection of the lens; Vitreous depth (VCd) from
the posterior reflection of the lens to the retina; Lens
diameter (Ldi1), distance from the opposite pomts at the
lens equator nearest the ciliary bodies; Lens thickness
(Lt) from the anterior to the posterior reflection of the lens.
Examinations mcluded measurement were performed three
times each and the mean values were taken.

Correlation coefficients of all measurements were
calculated with weight and age. The differences between
groups of animals, divided according to gender, weight
(<200 and 2200 kg) and age (<10 and =210 years)
categories have also been estimated. The significance of
correlation coefficients was tested with t-student’s test.
For comparison of gender, weight and age categories an
ANOVA (Analysis of Variance) test has been used.
p-values were fixed at 0.05 for all tests.

RESULTS

Results of the ocular biometry showed no gender
differences between measurements. Mean values for each
dimension, divided according to weight category are
reported in Table 1. The ocular measurements divided
according to age category are reported in Table 2.

A direct positive relationship (positive significance
for correlation coefficient) was detected only between
the weight of the donkey and ACd while no direct
positive relationships  between the weight of the
donkey and the other measurements have been found
(correlation coefficient near 0). Otherwise all measures
with the exception of Lt were found to be correlated with
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Table 1: Mean (mm) and Standard Deviation (SD) of measurements in age
categories
Donkey age Mean and
category (years) n(eyes) SD(mm) GAL" Acd vod LD LY
<10 136 Mean 3444 290 20353 1726 11.15
SD 1.65 051 1.60 1.41 0.77
=10 84 Mean 3459 258 2053 17.58 11.78
SD 1.50 058 1.67 1.03 0.83
Table 2: Mean (mm) and Standard Deviation (SD) of measurements in age
categories
Donkey weight Mean and
category (kg) n (eves)  SD (mm) GAL"  Acd vod  LDi® Lt!
W=200 116 Mean 33.53 265 1965 1678 11.30
SD 130 047 131 117 0.86
W=200 104 Mean 3536 2.86 2128 17.76 11.22
SD 141 055 143 135 078

"GAL: Globe Axial Length; 'Acd: Anterior Chamber depth; *VCd: Vitreous
Chamber depth; ’Ldi: Lens diameter; "Lt: Lens thickness

body weight when the ANOVA (Analysis of Variance)
test is applied to the weight category divisions (W<200;
W=200).

The correlation coefficient for age gave a positive
result only for Lt and GAL. When the analysis of variance
is applied to measurements divided according to the
age categories, only Lt has a statistical significance
for differences between categories. The correlation
coefficients between measurements have also been
investigated and apart from Lt no further correlation with
other ocular dimensions was found {correlation coefficient
near Q).

DISCUSSION

The results regarding the division between male and
female should be treated carefully because the number of
males (n = 12) was smaller than females (n = 98). In any
case as earlier reported by the same researchers for
donkeys (Laus et al., 2013) and by others in human
bemngs (Larsen, 1971, Garcia-Domene ef al., 2011) and
other species (Augusteyn et al, 2003), no gender
differences
detected. However, i a Central Indian human population,
Jonas et al. (2012) found that a thick lens was associated
with male gender, higher age, larger body stature and high
body mass index. Researchers also found a relationship
between lens thickness and anterior chamber depth.

The results reported m the Table 1 indicate a different
relationship between lens thickness and body weight
when compared to other ocular dimensions measured. As
in the earlier study performed m donkeys (Laus et al.,
2013) an mdication of an mverse behaviour was observed.
An ANOVA (Analysis of Variance) test confirmed a lack
of statistical correlation. In this study, adult donkeys of
increasing body weight show a corresponding increase in

in  ocular measurements have been
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some ocular dimensions but this relationship did not
extend to lens thickness. However, lens thickness does
demonstrate a positive correlation with age. Similar
results have been obtained in human beings
(Garcia-Domene et al., 2011) but contradictory opinions
exist about changes in lens thickness in older people and
about a true linear relationship between lens thickness
and age throughout life (Garcia-Domene et al, 2011).
Because a flattening the process occurs in human, the
thickness of the lens appear to decrease comparing
newboms and 8-10 years old boys (Larsen, 1971).
Knowledge of the growth pattern of the crystalline lens in
the donkey may provide a useful background to the
interpretation of lenticular abnormality in these animals
and also contribute to the comparative data for the study
of ocular structures between species. It 1s known that the
mechanisms regulating lens growth are the same in most
species with the exception of primates (Augusteyn, 2008).
Why primates are different remains to be established.

Data on pre-natal, post-natal and adult lens thickness
in man and animals needs to be collected and compared to
assess if differences in growth patterns exist. Some
researchers have suggested that lens thickness in human
subjects increases to a maximum around age 50 and then
after an intervening period decreases for the rest of life
(Tonas et al., 2012). These opinions are not supported by
other observations (Augusteyn ef al., 2013). Clarification
of inconsistency in both human and veterinary medicine
may have practical medical importance in the selection
and implantation of multifocal intra-ocular lenses
(Wilson et al., 2009).

CONCLUSION

During this research using ultrasound measurement
data have been obtained on some mtraocular structures
and the relationship between age and lens thickness has
been study in a population of adult donkeys. A series of
mvestigations of animals of more restricted age groups
may help to further define the growth patterns of parts of
the eye.
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