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INTRODUCTION

The domestic donkey (Equus asinus) is a globally 
significant species, represented by approximately 

107 million animals worldwide (Burden and Bell, 2019). 
Historically valued for transportation and labor (Monti et 

al., 2007), donkeys continue to play important economic 
roles in both developing and developed countries, 
contributing through milk production (Salimei and 
Fantuz, 2012), meat in markets such as China and Russia, 
and high-demand skin products (Burden and Bell, 2019). 
The productivity and utility of donkeys depend on their 
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overall health, including adequate vision function, as ocular 
diseases can impair feeding, mobility, and reproductive 
performance. Such impairments can negatively affect both 
animal welfare and economic value. Therefore, a detailed 
understanding of donkey ocular anatomy is necessary to 
support accurate diagnosis, effective management, and 
prevention of vision-related disorders. Comprehensive 
anatomical reference data is essential for clinicians 
and researchers to appropriately diagnose and manage 
ophthalmic conditions (Carastro, 2005; Misk, 1990). 

Although equine reference data largely derived from horses 
are commonly applied in clinical practice, donkeys (Equus 
asinus) exhibit species-specific anatomical differences that 
limit the direct applicability of horse-based values. Notably, 
donkeys demonstrate distinct ocular biometry, including 
a smaller globe size and variations in internal ocular 
structures, which may influence diagnostic interpretation 
and surgical planning (Attaai et al., 2022).

Donkeys are affected by a range of ophthalmic disorders, 
including corneal ulcers, cataracts, uveitis, lens luxation, 
ocular tumors, and nasolacrimal obstructions (Laus et al., 
2024; Mendoza et al., 2018; Misk, 1990), with relatively 
high prevalence reported in certain populations. Precise 
ocular measurements, such as posterior wall thickness, 
axial length, lens diameter, and chamber dimensions, are 
particularly relevant for these conditions, as small variations 
in ocular biometry can influence surgical planning, 
intraocular device placement, and prognosis. For instance, 
a posterior wall thickness of 2.03 mm serves as a baseline 
reference; deviations potentially indicating pathological 
changes such as edema, inflammation, tumors, or atrophy. 
These anatomical and clinical considerations highlight 
the necessity of donkey-specific ocular reference data to 
ensure accurate diagnosis, guide surgical interventions, 
and minimize errors that could result from applying 
generalized equine values.

The donkey eyeball is structured into three distinct layers: 
the fibrous outer layer (cornea and sclera), the vascular 
middle layer (uvea, including the choroid, ciliary body, 
and iris), and the inner nervous layer (retina) (Bloom and 
Fawcett, 1970; Davson, 1963; Gelatt, 2013; Samuelson, 
1999; Singh et al., 2017). Precisely identifying the integrity 
of these orbital structures is paramount when planning 
surgical strategies (Lakits et al., 1999).

Computed Tomography (CT) is a superior imaging 
modality for evaluating ocular structures due to its high-
resolution, cross-sectional capabilities, which facilitate 
detection of foreign bodies, trauma, and subtle anatomical 
variations, even when clinical examination is limited 
(Bagaria and Chaudhary, 2017; Finkelstein et al., 1997; 
Grove, 1982). Despite these advantages, standardized 

ocular CT reference values for donkeys (Equus asinus) are 
lacking, likely due to technical and logistical challenges, 
precise positioning requirements, and limited access to 
veterinary CT facilities for large animals. In this study, we 
overcame these obstacles using optimized in-vivo scanning 
protocols and supplementary by ex-vivo scans. In vivo 
measurements provided physiologically accurate reference 
values, while ex vivo data offered detailed anatomical 
insights and supported 3D model development, together 
enabling comprehensive, species-specific ocular reference 
data for donkeys.

Beyond diagnostics, there is a growing need for innovative 
educational tools in veterinary medicine. The complexity 
of the donkey eyeball can be better visualized through 3D 
modeling, which has the potential to enhance learning 
experiences for students and provide a safe, ethical 
environment for residents to practice surgical procedures 
(Singh and Sahu, 2023). Although this study did not 
directly assess the impact of 3D models on learning 
outcomes or surgical skill acquisition, it aims to fill the 
current knowledge gap by establishing CT-scan biometric 
reference values for clinically normal donkeys, assessing 
interocular (laterality) differences, and developing a 
3D-printed anatomical model as a high-fidelity alternative 
to cadaveric specimens for veterinary training. Future 
studies are needed to quantitatively evaluate the educational 
benefits of these models.

MATERIALS AND METHODS

Ethical approval
All procedures involving animals were approved by the 
Veterinary Medicine Cairo University Institutional 
Animal Care and Use Committee (Approval No. Vet-
CU.110520251110). The study adhered to internationally 
recognized guidelines for the care and use of animals in 
research. Ethical considerations included minimizing the 
use of live animals and substituting cadaveric specimens 
and 3D models wherever possible to comply with the “3Rs” 
principle (Replacement, Reduction, Refinement).

Animals and specimens
Ten clinically healthy adult male donkeys (Equus asinus), 
aged 4–7 years, were included in this study. All animals 
underwent complete ophthalmic examinations prior to 
imaging to exclude pre-existing ocular abnormalities. For 
in vivo CT imaging, eight live donkeys were scanned, 
providing a total of sixteen eyes for biometric measurements. 
In addition, two cadaveric donkeys obtained from the 
dissecting laboratory of the Department of Anatomy were 
used for ex-vivo investigations, contributing four additional 
eyes. Thus, a total of twenty eyes (sixteen in vivo and four 
ex-vivo) were included in the biometric analysis (Table 3).
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For gross anatomical evaluation of the tapetum lucidum 
and internal ocular structures, careful corneal incisions 
were performed to expose the lens, vitreous body, and 
inner choroidal surface. All procedures involving live 
animals and post-mortem specimens were conducted 
in accordance with institutional animal care and used 
guidelines to preserve anatomical integrity and minimize 
distress. Ethical approval for the study was obtained from 
the appropriate institutional review board.

Computed tomography (CT) imaging and 
biometry
CT examinations were performed on eight live donkeys 
(sixteen eyes) using a 16-slice multi-detector CT scanner 
(50 cm field of view, 512 × 512 matrix, 1.25 mm slice 
thickness, 1.25 mm interslice gap). Scanning parameters 
were standardized at 120 kV and 200 mA to ensure optimal 
image resolution while minimizing radiation exposure. 
To prevent motion artifacts, animals were sedated using 
a standardized protocol consisting of intravenous xylazine 
(1.1 mg/kg) and positioned in sternal recumbency with the 
head symmetrically extended and supported to maintain 
alignment of the skull. The head was secured to avoid rotation 
or tilt, ensuring consistent anatomical orientation across 
all subjects. Multiplanar reconstructions were generated in 
parasagittal and transverse planes to visualize the globe’s 
maximum dimensions. All biometric measurements were 
performed by a single experienced veterinary radiologist 
to reduce inter-observer variability. Each parameter was 
measured three times on separate occasions, and the mean 
value was used for statistical analysis.

The following ocular biometric parameters were recorded 
for each eye:
•	 Axial Length (AL): Maximum anteroposterior 

distance from the central cornea to the retina.
•	 Anterior Chamber Depth (ACD): Anteroposterior 

distance from the corneal endothelium to the anterior 
lens capsule, measured perpendicular to the corneal plane.

•	 Maximum Latero-medial Globe Distance (LMG): 
Maximum equatorial width perpendicular to the axial 
length.

•	 Posterior Chamber Depth (PCD): Distance from the 
posterior lens capsule to the retina.

•	 Central Lens Diameter (CLD): Maximum 
anteroposterior thickness of the lens.

•	 Latero-medial Lens Distance (LML): Maximum 
horizontal lens width.

•	 Posterior Wall Thickness (PWT): Thickness of the 
combined retinochoroidal-scleral complex.

•	 Eyes with imaging artifacts, evidence of ocular, 
retrobulbar, or sinus pathology, or poor image quality 
were excluded from analysis.

3D modeling and printing
Four isolated donkey eyes were scanned using a handheld 
3D scanner (EinScan Pro 2X, Shining 3D) to generate 
high-resolution surface data. The scans were processed 
in Kiri Eng® software to correct errors and smooth 
surfaces and refined in PrusaSlicer 2.6.2 for slicing and 
G-code export. Physical replicas were printed using a 
Prusa i3 MK3S+ 3D printer with PLA filament under 
controlled parameters (Table 1), and anatomical structures 
were painted with acrylics to enhance visualization. 
Models were documented with digital photography 
and labeled using Adobe Photoshop, with terminology 
aligned to the (International Committee on Veterinary 
Gross Anatomical Nomenclature, 2017; Schaller and 
Constantinescu, 2007). We recognize that no quantitative 
validation of the printed models dimensions relative to the 
source eyes was performed. The 3D-printed models were 
therefore intended primarily as qualitative educational and 
demonstrative tools to visualize ocular anatomy based on 
CT-derived measurements, rather than as validated surgical

Table 1: Software and 3D printer parameters for donkey eyeball models. 
Parameter 
category

Parameter Value Notes/Clarification

Software 
settings

Support placement Everywhere —
Support pattern spacing 4 mm Distance between support structures
Infill density 70% —
Top interface layer of support Heavy —
Support style Snug —
Layer height (for slicing/accuracy) 0.15 mm Not nozzle diameter; defines print resolution

Printer 
settings

Printing temperature 215 °C —
Nozzle diameter 0.4 mm Physical hardware of the printer
Printing time 32 h —
Bed type Smooth glass Smooth build plate material specified
Filament material PLA (polylactic acid) —
Filament amount 800 g —
Estimated cost 2000 EGP Filament only excludes labor and equipment depreciation
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or biomechanical models. Future studies should incorporate 
formal dimensional validation using digital caliper 
measurements or CT re-scanning to confirm accuracy.

Statistical analysis
All ocular biometric data were analyzed using GraphPad 
Prism 8.4.3 (CA, USA). The normality of each variable was 
assessed using the Shapiro-Wilk test, and all parameters 
were confirmed to be normally distributed (p > 0.05). 
Comparisons between the right and left eye of the same 
donkey were performed using paired Student’s T-tests, as 
the measurements represent matched paired rather than 
independent observations.

To control the risk of type I error from multiple comparisons 
(seven parameters), a Bonferroni correction was applied, 
adjusting the significance threshold to α = 0.05/7 ≈ 0.007.

All measurements were performed by a single experienced 
veterinary radiologist trained in ocular imaging and 
morphometric analysis. The observer was blinded to eye 
laterality, and to assess repeatability, each parameter was 
measured three times on separate occasions, with the mean 
value used for analysis.

Although a formal power analysis was not conducted due to 
the exploration nature of the study and the limited animal 
availability, the sample size (n = 10 donkeys) was consistent 
with previously published studies of ocular biometry in 
donkeys and other equids (Wafy et al., 2021). Donkeys 
aged 4–7 years were selected to capture clinically mature 
adults while minimizing potential confounding effects 
from juvenile growth or age-related changes, as ocular 
dimensions can vary with age in equids (Wafy et al., 2021). 
Data are presented as mean ± SD with 95% confidence 
intervals (CI). Statistical significance was defined as p < 
0.05, with adjustments for multiple comparisons applied 
where appropriate.

RESULTS

Anatomy
In the present study, the ocular globes of all twenty eyes 
examined from ten clinically healthy adult male donkeys 
(Equus asinus; 4–7 years) were relatively large and globular. 
The cornea appeared broad and circular in all eyes. The 
pupils consistently exhibited a horizontal, elliptical shape. 
Examination of the dorsal fundus revealed a distinct, 
iridescent tapetum lucidum in all eyes, although minor 
individual variations in size and reflectivity were noted. 
Gross inspection of the third eyelid demonstrated a thin, 
triangular conjunctival fold at the medial canthus in all 
specimens, internally supported by cartilage and covered 
by palpebral and bulbar conjunctiva. Pigmentation along 

the anterior surface and free edge of the third eyelid was 
present in 18 of 20 eyes, with slight differences in extent 
and intensity (Figure 2). Both in vivo (n= 16) and ex vivo 
(n= 4) examinations showed consistent anatomical features, 
supporting the reproducibility of these findings across live 
and post-mortem specimens.

Figure 1: CT-based illustration of donkey ocular biometric 
measurements. Colored double-headed arrows indicate the 
measured parameters. (A) Maximum axial length (MAL, 
blue), anterior chamber depth (ACD, black), latero-medial 
globe diameter (LMG, yellow), posterior chamber depth 
(PCD, white), central lens diameter (CDL, red), and 
latero-medial lens diameter (LML, green). (B) Posterior 
wall thickness (PWT, brown).

Figure 2: Anatomy of the eyeball.
Muscles: (a) Levator palpebrae superioris, (b) Malaris 
muscle. Eyeball structures: (1) Cornea, (2) Upper eyelid, 
(3) Lower eyelid, (4) Third eyelid, (5) Sclera, (6) Corneo-
scleral junction, (7) Conjunctiva, (8) Iris, (9) Choroid, (10) 
Retina, (11) Optic disc (optic papilla), (12) Optic nerve, 
(13) Suspensory ligament (zonular fibers) of ciliary body, 
(14) Medial canthus, (15) Lateral canthus, (16) Tapetum 
of choroid.

A three-dimensional digital reconstruction of the donkey 
eyeball was generated from CT-derived surface data 
using volumetric modeling techniques. The reconstruction 
enabled multi-axial visualization of major ocular structures 
and allowed spatial assessment of anatomical relationships 
(Figure 3). The printed model reproduced the general 
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morphology of the ocular globe and associated structures. 
Table 2 provides a qualitative comparison between the 
anatomical specimens and the 3D-printed model, outlining 
observable structural correspondences and practical 
differences. No statistical comparisons were performed, as 
the model was developed for morphological visualization 
rather than quantitative morphometric validation. The 3D 
reconstruction was used to complement the anatomical and 
imaging findings and to enhance structural interpretation 
without contributing to the biometric reference values 
reported in this study (Figure 3 and Table 2).

Figure 3: 3D-printed cross-section of the eyeball with 
extraocular muscles in 100mm. Scale bar and orientation 
preserved to illustrate dorsal (D), ventral (V), medial (M), 
lateral (L), Rostral (R) directions.
(1) Cornea, (5) Sclera, (6) Corneo-scleral junction, (9) 
Choroid, (10) Retina, (12) Optic nerve, (13) Suspensory 
ligament (zonular fiber), (16) Tapetum of choroid, (17) 
Anterior chamber, (18) Posterior chamber, (19) Central 
Retinal artery and vein, (20) Lacrimal gland. Extraocular 
muscles: (DR) Dorsal Rectus Muscle, (VR) Ventral Rectus 
Muscle, (VO) Ventral oblique Muscle, (LR) Lateral Rectus 
Muscle, (RO) Retractor Oculi Muscle, (MR) Medial 
Rectus muscle, (SO) Superior oblique Muscle.

Computed tomography (CT)
CT imaging of enucleated eyes from clinically normal 
donkeys enabled clear visualization of the cornea, anterior 
chamber, uveal tract, lens, vitreous body, optic nerve, and 
extraocular muscles (Figure 4). The anatomical boundaries 
of these structures were well delineated on transverse 
images, allowing consistent morphometric assessment.

Figure 4: CT scan of a donkey eyeball (axial plane). C, 
cornea; AC, anterior chamber; L, lens; VB, vitreous body; 
I, iris; ON, optic nerve; RCU, retinochoroid unit; EOM, 
Extraocular muscles. Scale bar = 5 mm. Image corresponds 
to the left eye of donkey.

Anterior segment
The cornea appeared as a hyperdense ring at the anterior 
pole, whereas the anterior chamber was hypodense due to 
the presence of aqueous humor.

Uveal tract and lens
The iris and ciliary body formed a moderately dense 
circumferential structure surrounding the lens. The lens 
appeared as a well-defined hyperdense structure.

Posterior segment
The vitreous body appeared uniformly hypodense.

Table 2: Practical comparison between real ocular specimens and 3D-printed eye models.
Parameter Real ocular specimen 3D-printed eye model Notes
Preservation re-
quirements

Requires refrigeration or chemical 
preservation; limited shelf life

Stable at room temperature; long-term stor-
age possible

No preservatives 
needed for 3D 
models

Handling and ma-
nipulation

Fragile soft tissue; may deform or 
tear with repeated handling

Structurally stable; maintains shape under 
repeated handling

Observed during 
lab manipulation

Tissue texture Native soft tissue texture present Rigid polymer; tactile properties differ from 
tissue

Qualitative obser-
vation

Ethical considera-
tions

Requires multiple animal speci-
mens for repeated training

One specimen can generate multiple models; 
reduces need for additional animals

Net reduction in 
animal use docu-
mented

Cost efficiency Recurring costs for specimen ac-
quisition, preservation, and disposal

Initial printing cost; reusable with minimal 
maintenance

Observed over 
study period

Safety and sanita-
tion

Formalin or biological tissue han-
dling requires safety precautions

No chemical preservatives; safe for repeated 
classroom handling

Reduces exposure 
to chemicals
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Table 3: CT-based ocular measurements of right and left eyes in clinically normal mature donkeys (n = 8, 16 eyes). 
Parameter (mm) Left Eye 

Mean ± SD
Range 
(min–max)

95% CI Right Eye 
Mean ± SD

Range 
(min–max)

95% CI p-value 
(paired t-test)

Maximum axial length (MAL) 36.46 ± 3.22 33.1–40.2 34.15–38.77 36.78 ± 3.23 33.4–40.5 34.47–39.09 0.864
Anterior chamber depth (ACD) 3.25 ± 0.39 2.8–3.7 2.84–3.66 3.18 ± 0.38 2.8–3.6 2.78–3.58 0.782
Latero-medial globe diameter 
(LMG)

36.98 ± 1.78 35.0–39.0 35.11–38.86 37.02 ± 1.80 35.2–39.0 35.15–38.89 0.970

Posterior chamber depth (PCD) 16.03 ± 0.72 15.1–17.0 15.27–16.79 15.86 ± 0.73 15.1–16.8 15.10–16.63 0.700
Central lens diameter (CDL) 9.94 ± 0.52 9.1–10.8 9.40–10.48 9.32 ± 0.44 8.8–9.9 8.86–9.78 0.051
Latero-medial lens diameter 
(LML)

15.79 ± 0.55 15.0–16.6 15.21–16.37 15.67 ± 0.56 15.1–16.4 15.08–16.25 0.713

Posterior wall thickness (PWT) 1.98 ± 0.21 1.7–2.3 1.75–2.20 2.03 ± 0.21 1.8–2.3 1.80–2.25 0.672
MAL, maximum axial length; ACD, anterior chamber depth; LMG, Latero-medial distance of the globe; PCD, posterior chamber 
depth; CDL, central diameter of lens; LML, Latero-medial diameter of lens; PWT, posterior wall thickness; SD, standard deviation; 
CI, confidence interval.

Posterior structures and orbit
The optic nerve was visualized as a funnel-shaped hypodense 
structure. The retina, choroid, and sclera were not clearly 
separable and were therefore collectively described as the 
retino-choroid unit. Extraocular muscles were identifiable 
but demonstrated lower definition compared to the bony 
orbital structures.

Ocular biometry
Biometric measurements indicated that the donkey 
ocular globe is predominantly spheroidal. CT-based 
ocular biometric measurements were compared between 
the right and left eye using a paired Student’s t-test. The 
measurements were as follows: maximum axial length 
(MAL: 36.78 ± 3.23 mm vs 36.46 ± 3.22 mm; 95% CI: 
34.47–39.09 mm vs 34.15–38.77 mm; p = 0.864), anterior 
chamber depth (ACD: 3.18 ± 0.38 mm vs 3.25 ± 0.39 mm; 
95% CI: 2.78–3.58 mm vs 2.84–3.66 mm; p = 0.782), and 
latero-medial globe diameter (LMG: 37.02 ± 1.80 mm vs 
36.98 ± 1.78 mm; 95% CI: 35.15–38.89 mm vs 35.11–
38.86 mm; p = 0.970). Posterior parameters included 
posterior chamber depth (PCD: 15.86 ± 0.73 mm vs 
16.03 ± 0.72 mm; 95% CI: 15.10–16.63 mm vs 15.27–
16.79 mm; p = 0.700), central lens diameter (CDL: 9.32 
± 0.44 mm vs 9.94 ± 0.52 mm; 95% CI: 8.86–9.78 mm vs 
9.40–10.48 mm; p = 0.051), latero-medial lens diameter 
(LML: 15.67 ± 0.56 mm vs 15.79 ± 0.55 mm; 95% CI: 
15.08–16.25 mm vs 15.21–16.37 mm; p = 0.713), and 
posterior wall thickness (PWT: 2.03 ± 0.21 mm vs 1.98 
± 0.21 mm; 95% CI: 1.80–2.25 mm vs 1.75–2.20 mm; p 
= 0.672) (Table 3). The central lens diameter approached 
conventional significance (p= 0.051). Coefficients of 
variation (CV%) for the measured parameters ranged from 
3.5% for LML to 12% for ACD and PWT. Confidence 
intervals were recalculated to ensure consistency with the 
reported means and standard deviations; for example, the 
left eye MAL 95% CI is 34.15–38.77 mm, correcting a 
previously misreported lower bound of 33.07 mm. Overall, 

no statistically significant interocular differences were 
detected for any measured parameter (Table 3).

DISCUSSION

The ocular morphology of the donkey (Equus asinus) exhibits 
distinct anatomical characteristics, which are reflected in 
our CT-based measurements and can be contextualized 
using previously reported literature. Although our study 
did not directly examine other species, literature indicates 
that the horse (Equus caballus) has a relatively flattened 
anterior–posterior globe (Schwedes and Wentura, 2012), 
whereas the donkey eyeball is generally smaller and more 
spheroidal, consistent with the roughly spheroidal shape 
observed in our CT reconstructions. Our measured globe 
dimensions, including maximum axial length (MAL: 
36.78 ± 3.23 mm) and latero-medial diameter (LMG: 
37.02 ± 1.80 mm), align closely with previously reported 
ultrasonographic ranges in donkeys (Laus et al., 2013; 
Salavati et al., 2017; Wafy et al., 2021), validating the use 
of CT for high-resolution anatomical assessment.

Histomorphologically, the donkey eye features a 
transparent, broad, circular cornea supported by a robust 
lens (Attaai et al., 2022), consistent with our finding of 
relatively uniform lens diameters, and a narrow, horizontal 
pupil (Zayed et al., 2012) likely contributing to the 
panoramic visual field typical of prey species. Literature 
notes that the tapetum lucidum is absent in primates 
(Dyce et al., 2010) but more prominent in donkeys than 
in some other livestock species, such as sheep, which 
possess a broad tapetum fibrosum (Dalga et al., 2022; Dyce 
et al., 2022; Klećkowska-Nawrot et al., 2023; Ollivier et 
al., 2004); our measurements of globe dimensions and 
chamber depths provide morphometric context for this 
reflective layer. The nictitating membrane (third eyelid) is 
supported by cartilage and covered by a conjunctival layer 
that may be pigmented on its anterior surface and free 
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margin (Dyce et al., 2010), complementing our assessment 
of anterior chamber morphology. Comparisons with horse 
ocular data indicate that the donkey eye is approximately 
2–3 mm smaller in diameter than the horse eye (39.4 ± 2.3 
mm) (Herman, 2009). Although modest, this difference is 
clinically meaningful, as applying equine reference values 
to donkeys could result in misestimation of lens size, globe 
dimensions, or intraocular lens calculations.

Interocular comparisons in our cohort did not reveal 
statistically significant differences; however, due to the 
small sample size and lack of prior power analysis, subtle 
asymmetries cannot be excluded. While the central lens 
diameter approached conventional significance, the study 
was exploratory and not powered to detect small or 
moderate interocular differences. Post hoc calculations 
indicate that with n= 8 paired observations, only large 
effect sizes (Cohen’s d ≥ 1.0) could be reliably detected. 
Subtle asymmetries may therefore have gone undetected. 
The observed coefficients of variation (CV%) were within 
acceptable biological ranges, with thinner structures such 
as the posterior wall naturally showing higher relative 
variation. The posterior wall thickness (PWT) measured 
via CT averaged 2.03 ± 0.21 mm, providing a species-
specific reference for identifying abnormal thickening in 
conditions such as glaucoma, ocular neoplasia, or retinal 
disease, thereby guiding further diagnostic evaluation or 
intervention ( Jonas et al., 2014; Park et al., 2014). Taking 
together, these results highlight the importance of larger, 
adequately powered studies to determine whether near-
significant differences, such as in central lens diameter, 
reflect true biological asymmetry or sampling variability.

CT-based 3D reconstructions generated from enucleated 
eyes under ex vivo conditions provided high-fidelity, 
interactive models of donkey ocular anatomy. While these 
models were not applied clinically, they offer valuable 
educational tools for visualizing orbital structures and align 
with ethical alternatives to animal dissection in accordance 
with the “3Rs” principle (Replacement, Reduction, and 
Refinement) (Elias et al., 2021; Pereira et al., 2017). Post-
mortem changes, including loss of intraocular pressure, 
tissue relaxation, and dehydration, may have influenced 
certain measurements, and quantitative validation of 
the reconstructed or printed models was not performed; 
therefore, these models and CT-derived dimensions 
should be interpreted as qualitative anatomical references 
rather than validated clinical standards. Despite these 
limitations, the study provides species-specific ocular 
measurements that complement ultrasonographic data, 
highlight clinically relevant differences from horses, and 
demonstrate the educational potential of CT-based 3D 
reconstructions. Future studies incorporating in vivo 
imaging, larger sample sizes, repeatability assessments, 
and dimensional validation of 3D printed models are 

warranted to enhance measurement precision, evaluate 
interocular differences, and strengthen both the clinical 
and educational utility of donkey ocular biometry.

CONCLUSION 

This study established reference values for intraocular 
dimensions in clinically normal donkeys using CT-scan 
biometry. Statistical analysis revealed that no significant 
interocular differences were detected in this cohort. ocular 
characteristics. Based on these findings, an interactive 
anatomical eye prototype was developed to model internal 
structures for surgical training. This model serves as an 
innovative educational tool, providing a high-fidelity 
alternative to cadaveric specimens in veterinary anatomy 
and ophthalmology.
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