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Ultrasonographic 
biometry of the eyes of 
healthy adult donkeys
Laus F, Paggi E, Marchegiani A, Cerquetella 
M, Spaziante D, Faillace V, Tesei B

Sixty-two healthy adult donkeys were included in this study, giv-
ing a total of 124 eyes for examination. The weight of the donkeys 
was estimated and an ultrasonography of the eyes was performed 
using a curvilinear transducer. Ocular measurements were taken in a 
horizontal plane and included the following values: globe axial length 
(GAL), anterior chamber depth (ACD), vitreous body depth (VD), 
lens diameter (LDi) and lens depth (LDe). The mean and sds for each 
measurement are reported in mm: GAL 34.22±2.05; ACD 3.01±0.58; 
VD 20.20±1.63; LDi 17.96±1.66 LDe 11.06±0.71. Gender was not 
a variability factor for ocular biometry in donkeys, while the weight 
was directly related to the ultrasonographic ocular values. Lens dimen-
sions represented an exception and further investigation should be car-
ried out to verify a possible correlation with age rather than weight. 
This is the first paper reporting reference data for ocular biometry in 
donkeys.

Introduction
The ultrasonographic evaluation of the equine eye is a manageable 
procedure that is easy to perform and can provide information not 
always obtainable with direct ocular examination. It allows the imag-
ing of intraocular and retrobulbar structures and the diagnosis of some 
important disorders involving these areas (Scotty and others 2004, 
Michau 2005, Dietrich 2007). Ocular ultrasound is also indicated 
where it is impossible to directly visualise (eg, with an ophthalmo-
scope) posterior structures of the globe in cases of corneal oedema or 
ulceration, cataract or ocular masses (Withcomb 2002). Ultrasound 
can be used to investigate enophthalmos, buphthalmos or exophthal-
mos in cases of ocular protrusion and suspicion of disparity in globe 
size (Withcomb 2002).

The most common diseases that can be detected or confirmed 
with ultrasound are corneal diseases, cataract, lens luxation, intraoc-
ular cysts or masses, glaucoma and retinal detachment (Reef 1998, 
Withcomb 2002). Although horses and donkeys can be affected by 
similar ocular diseases, until now there have been only a few reports 
regarding the examination of donkeys’ eyes and the differences with 
respect to those of horses (Donisa and others 2009).

Ultrasonography can be performed in the standing horse, and 
only in some cases sedation or local nerve block are required. The 
first reports concerning ultrasonographic evaluation and biometry of 
equine eyes were those of Rogers and others (1986) who used nor-
mal extirpated equine eyes. Measurements obtained on extirpated 
eyes show some differences from those obtained from live horses but, 
nevertheless, there is little difference between reports where meas-
urements were taken using live animals (Rogers and others 1986, 
Mettenleiter 1995, McMullen and Gilger 2006, Barsotti and others 
2010, Grinninger and others 2010). Although horses and donkeys 
vary considerably in size depending on different breeds, the use of 
the mean eye dimension of horses to evaluate those of donkeys may 
not be appropriate. Donkeys have some anatomical features that often 
make them very different from horses, with inevitable consequences 
in clinical behaviour of diseases (Laus and others 2010).

In scientific literature, the most common measurements used are 
reported below: globe axial length (GAL), anterior chamber depth 
(ACD), vitreous body depth (VD), lens diameter (LDi) and lens depth 
(LDe). In the present paper, the same biometric evaluation used in 
horses and now obtained in normal donkeys is reported; the aim was 
to obtain mean values to be used as a reference in the ultrasonographic 
ocular evaluation of this species, considering the weight variability, 
which is higher in donkeys than in horses.

Materials and methods
Sixty-two healthy adult donkeys (16 male and 46 female) of different 
breeds and sizes (from 71 to 306 kg) were used in this study, giving a 
total of 124 eyes for examination. The donkeys came from three dif-
ferent stables and all of them had a body condition score of 5 or 6 on a 
range of 1–9 (Pearson and Ouassat 2000).

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 in centimetres. The weight 
in kg was then calculated using the following formula: estimated 
donkey weight (kg)=(heart girth2.12)×(length0.688)/3801 (Pearson and 
Ouassat 1996, 2000).

An ultrasonography of the eyes was performed with a curvi-
linear transducer used at the highest frequency available (13 MHz; 
MyLabOne, Esaote). Ocular globe structures were displayed at a depth 
of 4–6 cm, depending on the animal size. The transducer was placed 
on the closed upper eyelid, positioning the lateral canthus to the left 
of the screen and the medial canthus to the right. A long-axis scan 
in a horizontal plane was performed using the probe approximately 
parallel to the eyelid margin (Fig 1). Minimal pressure was applied to 
the eyelid in order to avoid deforming the globe. Minimal restraint 
was used and sedation was never required. Globe measurements were 
taken in a horizontal plane corresponding to the maximum diameter 
of the eye, at the point where the anterior chamber, the anterior and 
posterior lens capsule, and the layers of the fundus were all included 
in the image. All measurements were repeated three times and the 
mean values were recorded. For evaluation of repeatability, the first 
and second measurements have been compared since we would not 
expect systematic differences between the first and subsequent meas-
urements. Repeatability has been determined according to Bland and 
Altman (1986) and considered to have been satisfied if 95 per cent 
or more of the differences between duplicate measurements was less 
than two sds. The measurements taken are reported below: GAL, 
from the cornea to the retinochoroid layer; ACD, from the cornea to 
the anterior reflection of the lens; VD, from the posterior reflection of 
the lens to the retina; lens diameter (LDi), distance from the opposite 
points nearest the ciliary bodies; lens depth (LDe), from the anterior 
to the posterior reflection of the lens (Fig 1). Ranges were estimated 
using a 95% CI.

The differences between the biometric evaluation found in scientific 
literature for horses’ eyes and those of donkeys were statistically evalu-
ated using a Student’s t test. The correlation coefficient between the 
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FIG 1: Measurement of the lens diameter (LDi). To the left: lateral canthus . To the right: medial canthus. From top to bottom: cornea (C), 
iris (Ir), lens (L), vitreous body chamber (VC) and combination of retina, choroids and sclera (RCS)

estimated weight and the various measurements was also determined. 
Differences between groups of animals, divided according to gender, and 
between three weight categories (1=W≤100, n=15; 2=100<W≤200, 
n=30; 3=W>200, n=17) were estimated using an ANOVA (analysis of 
variance) test. P values were fixed at <0.05 for all tests.

Results
Results of the ocular measurements are reported in Table 1.

Measurements compared for each eye and structure resulted to be 
repeatable since they were in concordance with the satisfaction crite-
ria exposed in material and methods.

All the measurements recorded showed no statistically sig-
nificant differences between males and females. However, a direct 
positive correlation was recognised between the weight of the 
donkey and GAL (correlation coefficient=0.64), ACD (correla-
tion coefficient=0.46) and VD (correlation coefficient=0.54); there 

was no direct positive relationship between the weight of the don-
key and LDi (correlation coefficient=0.04) and LDe (correlation 
coefficient=0.11).

When compared among the three estimated weight categories 
of donkeys (W≤100, 100<W≤200, W>201), there was a significant 
difference in the GAL (P=0.00007), ACD (P=0.0005) and the VD 
(P=0.0009) but the LDi (P=0.01) and LDe (0.04) were close to the 
limit. Table 2 shows the mean and sd of the various measurements 
after the animals had been divided into the three weight categories.

When the authors compared the values recorded in donkeys with 
those found in current scientific literature for live horses, all the means 
gave statistically lower results in donkeys with the exception of the 
values for the VD in category 3, and LDi and LDe in category 2 which 
did not show any significant difference from those of the horses popu-
lation. Surprisingly, the mean values of LDi and LDe in category 2 
resulted higher than those in category 3.

TABLE 1: ​Mean (mm), sd and ranges (mm; 95% CI) for each measurement

GAL ACD VD LDi LDe

Mean 34.22 3.01 20.20 17.96 11.06
Sd 2.05 0.58 1.63 1.66 0.71
Ranges (95% CI) 33.71 to 34.72 2.87 to 3.15 19.80 to 20.60 17.56 to 18.37 10.89 to 11.24

ACD, anterior chamber depth; GAL, Globe axial length; LDe: lens depth; LDi: lens diameter; VD, vitreous body depth

TABLE 2: Mean (mm) and sds in the three weight categories. n: numbers of animals

Weight  
category (kg)

Mean and 
sd (mm) GAL ACD VD LDi LDe

1 (n: 15) W≤100 Mean 31.09 2.01 18.72 16.33 10.35
sd 0.45 0.35 0.70 1.03 0.56

2 (n: 30) 100<W≤200 Mean 34.17 3.07 20.10 18.26 11.16
sd 1.87 0.53 1.52 1.46 0.72

3 (n: 17) W>200 Mean 36.35 3.30 22.00 17.01 10.91
sd 1.20 0.23 1.40 2.39 0.25

ACD, anterior chamber depth; GAL, Globe axial length; LDe, lens depth; LDi, lens diameter; VD, vitreous 
body depth
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Discussion and conclusions
The data obtained and reported in the present study suggest that 
gender does not represent a variability factor for ocular biometry 
in donkeys. The weight of the animals was directly related to the 
ultrasonographic ocular size, but lens dimensions represented an 
exception.

In fact, the lens size showed a difference when related to the 
weight, resulting in larger category 2 (101<W<200) compared 
with category 3 (W>200), with regard to the LDi and the LDe. 
This result agrees with the lack of correlation between weight and 
lens measurements as shown by the correlation coefficient. The 
lens grows during embryonic development and continues to do 
so throughout life (Colitz and McMullen 2011). For this reason, 
it can be assumed that old donkeys have larger lenses than those 
of adults and young ones. Since the information regarding their 
ages was available only for a few of the animals in this paper, the 
authors believe that further ultrasonographic studies will confirm 
this supposition. Furthermore, the crystalline lens is biconvex with 
an appreciably steeper curvature on the posterior surface, and this 
can lead more easily to errors of alignment in evaluating the thick-
ness of the lens. It is also interesting to note that, unlike the other 
measures, only the lens has given, for category 2, values not statisti-
cally different from those of horses. Very little scientific literature is 
available on this subject, and the lack of differences in lens dimen-
sions could contribute with more information to the debate on lens 
growing models, which is also very topical in human medicine 
(Augusteyn 2008).

As reported in the results, only the VD for category 3 is compa-
rable with that reported in horses. In absolute terms, the mean was 
even higher than that reported for horses by other authors (Rogers and 
others 1986, Mettenleiter 1995, Barsotti and others 2010, Grinninger 
and others 2010). Although we consider this assessment reliable, we 
believe it would be appropriate to perform further examinations in 
larger donkeys to confirm and explain this result and, possibly, to 
compare measurements with extirpated donkeys’ eyes. From the 
comparison with the data available in scientific literature on horses 
(Rogers and others 1986, Mettenleiter 1995, Barsotti and others 2010, 
Grinninger and others 2010) it appears fairly clear that the average 
eye size of horses is significantly larger than that of donkeys, and no 
overlapping seems to exist. These considerations are of clinical rel-
evance and should be taken into account in evaluating donkeys’ eyes 
to avoid misinterpretation of results. It should also be highlighted that 
the weight of the donkeys in this research was only an estimation. 
However, it was carried out with a scientifically recognised method 
(Pearson and Ouassat 1996).

The present work provides, for the first time, an indication of 
the possible values to be expected when estimating the biometry 
of donkeys’ eyes, particularly with regard to global axial length, 
ACD and VD. As also demonstrated by statistical analysis, ocular 
ultrasonographic evaluation in donkeys is easy to perform and is 
repeatable.

However, the authors believe that further ultrasound data are 
required to establish a range of lens dimensions related to the known 
age of the individual donkeys and to specific donkey breeds.
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