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ABSTRACT 
 

The eye is a high sense organ which is susceptible to many infectious and traumatic diseases. Using an accurate 

diagnostic imaging technique became essential for early detection and control of these diseases. The current 

investigation is proposed to fully describe the normal magnetic resonance imaging (MRI) appearance of the eye, 

extraocular structures and the optic nerve in the donkey with the aid of the anatomical sections. Eight fresh cadaveric 

heads of adult donkeys of both sexes were used; two were scanned using an MRI scanner of 1.5 Tesla magnet, and six 

were frozen to be sectioned into transverse (n=3) and frontal (n=3) sections. The accessed MR images were serially 

selected in matching to their corresponding gross sections. These MR images provided a comprehensive assessment of 

the eyeball structures (choroid, ciliary body, iris, cornea, sclera, anterior and posterior chambers, and vitreous body), 

the ocular adnexa (upper, lower and third eyelids, lacrimal gland, tarsal gland, superficial gland of the third eyelid, 

extraocular muscles and orbital fat), the various parts of the optic nerve (intraocular, intraorbital, intracanalicular, 

intracranial) and its surrounding meningeal sheath complex. However, it was difficult to outline the retina. The current 

investigation administrated a precise anatomical atlas of the eye, periorbital structures and optic nerve in the donkey 

assisting in the interpretation and diagnosis of both ocular diseases and optic neuropathy. 
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INTRODUCTION 

 

The donkeys are members of the family Equidae 

counting 43.5 million worldwide (FAO 2009). In third 

world countries, these animals are important for farming 

and transportation, but they were given less medical care 

and attention than other domestic animals (Salavati et al. 

2017). In Egypt, the donkeys are essential farming animals 

due to their great tolerance (Amin et al. 2014). 

The vision depends on a complex system including the 

eyeball and its accessory structures, optic nerve, and the 

visual area of the brain. The eye globe consists of three 

tunics; fibrous (cornea and sclera), vascular (choroid, 

ciliary body, iris) and nervous (retina). Moreover, the 

eyeball includes three chambers; anterior, posterior and 

vitreous. In addition, the ocular accessory structures 

include; the orbital fascia and fat, extraocular muscles and 

lacrimal apparatus (Konig and Liebich 2009). The optic 

nerve originates from the axons of the ganglionic nerve 

cells in the retina. Both optic nerves emerging from the 

orbital cavity passing through the optic canals to decussate 

in the optic chiasma (Evans and de Lahunta 2013). 

The common causes of the orbital diseases could be 

inflammatory, infectious, cystic, traumatic, or neoplastic 

(Grahn et al. 1993; Dennis 2000; Nell 2008; Van der 

Woerdt 2008). It is necessary to promote an advanced 

imaging technique for the diagnosis and prognosis of these 

diseases (Hande and Talwar 2012). Recent diagnostic 

modalities for orbital imaging include radiography, 

computed tomography (CT), ultrasonography and 

magnetic resonance imaging (Penninck et al. 2001). 

Traditional radiography is an inadequate technique for 

imaging the eye globe soft tissues due to its unclear 

resolution as well as superimposition of the bony structures 

(Solano and Brawer 2004). Ultrasonography remains a 

rapid and feasible technique that is widely used for 

diagnosis of the ocular structures (Hallowell and Bowen 

2007; Aironi and Gandage 2009; Laus et al. 2014; Gialletti 

et al 2018; Athar et al. 2021). However, using of 

ultrasonography  for  orbital  imaging  is  limited  due to its 
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inefficiency to visualize the orbital bony rim, the orbital 

apex and the intracranial extension of several ocular 

pathologies (Mafee 2003; Hande and Talwar 2012). 

Among imaging modalities CT and MRI are used 

extensively for evaluation of the eye globe (Goh et al 2008; 

Armour et al. 2011; D’Aout et al. 2014). CT is 

characterized by spatial resolution and discrimination 

between soft and bony tissue structures (D’Aout et al. 

2014; Seddek et al. 2014; Awaad et al. 2019). However, 

MRI has priority in soft tissue visualization (Boroffka et al. 

2007; Thrall 2013; Abdel Maksoud 2020, 2021; Abdel 

Maksoud et al. 2021). In addition, High-resolution MRI is 

recently used for the determination of the surgical 

interference in several ocular diseases (Kato et al. 2005; 

Maiolo et al. 2017). 

The previous normal CT and MRI studies focused on 

the orbit and retrobulbar structures in the horse (Morgan et 

al. 1993; D'Aout et al. 2014), bovine (Litwiller et al. 2010), 

goat (Madkour et al. 2016) and dog and cat (Grahn et al. 

1993; Morgan et al. 1994; Boroffka and Voorhout 1999; 

Boroffka et al. 2008; Armour et al. 2011). However, scare 

studies intended to describe the normal eye structure of the 

eye with the aid of MRI in the donkey. The current study is 

proposed to describe briefly the normal MRI of the eye and 

the optic nerve in the donkey with the help of the cross 

anatomical sections. 

 

MATERIALS AND METHODS 

 

Ethical Statement 

All procedures achieved in this investigation followed 

the guidelines of the Institutional Animal Care and Use 

Committee of Beni-Suef University, Egypt.  

 

Animals 

Eight heads from adult healthy donkeys (7-20 years 

old) of both sexes were used after euthanasia for reasons 

unrelated to ocular diseases or head injuries.  

 

Magnetic Resonance Imaging 

Two heads were examined by MRI within two hours 

from euthanasia. Using the human knee coil, the heads 

were placed with their longitudinal axis parallel to the 

examination table. Using a multi-planar MRI of 1.5 Tesla 

magnet (Philips Intera, Holland), T1- weighted (TR 

(repetition time) = 540 msec; TE (echo delay time) = 150 

msec; FOV (field of view) = 21×21; Acq. Tm (acquisition 

time) = 21:18 min:s; slice thickness = 3.5mm; interstice 

space = 1mm) and T2-weighted (TR (repetition time) = 

4073 msec; TE (echo delay time) = 100 msec; FOV (field 

of view) = 24×24; Acq. Tm (acquisition time) = 21:20 

min:s; slice thickness = 3.5mm; interstice space = 1mm) 

spin-echo images were acquired. An automatic 3D 

reconstruction was used for the visualization of MR images 

in two planes; transverse and frontal. Graphical software 

(eFilm Workstation™ Merge Healthcare, Washington, 

USA) was used for manual reconstruction of the MR 

images.  

 

Preparation of the Anatomical Sections 

Six heads were frozen for seven days and then 

sectioned into transverse (n=3) and frontal (n=3) slices 

(1cm thickness) using a thin electrical band. These 

anatomical sections were photographed using a digital 

camera (Samsung WB30F). These sections were grossly 

identified to be serially selected in matching with their 

corresponding MR images. The anatomical terms in the 

current study were in accordance with Nomina Anatomica 

Veterinaria (2017). 

 

RESULTS 

 

For comprehensive visualization and evaluation of the 

eyeball, retrobulbar structures, optic nerve and bony wall 

of the orbit, seven MR images were selected; three in 

transverse planes (Figs. 2-4) and four in frontal planes 

(Figs. 5-8). These planes were selected in matching to the 

reference lines designated along with the lateral aspect of 

the head region (Fig. 1).  

 

The Eyeball 

The eyeball was related topographically to the 

paranasal sinuses which were clearly depicted on MR 

images as hypointense structures on T1- and T2-weighted 

MR images. The frontal sinus was located dorsomedial to 

the orbit (Figs. 2-4, 6/fs) and the caudal maxillary sinus was 

found rostroventral to the orbit (Figs. 2, 5-7/ms). Moreover, 

the ethmoidal labyrinth appeared with heterogeneous 

intensity on both sequences of MRI and was positioned 

medial to the orbit (Figs. 2-8/el).  

The eyeball was identified and evaluated with variable 

intensities on both T1- and T2- weighted MRI. The fluid 

chambers of the eye (anterior, posterior and vitreous) were 

depicted in transverse and frontal planes. These chambers 

appeared black (hypointense) on T1-weighted images 

(Figs. 5/ac, pc & 5, 7, 8/vc) and white (hyperintense) on 

T2-weighted images (Figs. 2, 3, 6/ac, pc, vc). The eye lens 

was located between the posterior chamber and vitreous 

body, and it appeared black (hypointense) on both 

sequences of MRI (Figs. 2, 3, 5/le). This lens was 

surrounded by a capsule which could be depicted only on 

T1-weighted images as a whitish (hyperintense) line 

surrounding the lens (Fig. 5/lec).  

The anterior chamber was bounded rostrally by the 

cornea which constituted the rostral portion of the fibrous 

tunic and could be delineated on T1-weighted images 

with intermediate signal intensity (Fig. 5/co). While on 

T2-weighted images, the cornea appeared black 

(hypointense) and couldn't be distinguished from the 

surrounding black background (Figs. 2, 6/co). The caudal 

segment of the fibrous tunic, the sclera, appeared black 

(hypointense) on T1-weighted images (Figs. 5, 7/sc) and 

with intermediate signal intensity on T2-weighted images 

(Figs. 2-4, 6/sc).  

The choroid was a thin layer and could be depicted 

with intermediate signal intensity on T1-weighted images 

(Fig. 5/cr) and black (hypointense) on T2-weighted images 

(Figs. 2-4, 6/cr). Both iris and ciliary body could be 

visualized with intermediate signal intensity on T1-

weighted images (Fig. 5/cb, ir) and hypointense on T2-

weighted images (Figs. 2, 6/cb, ir). However, the retina was 

difficult to be delineated on both MRI sequences. 

 

Adnexa of the Eye 

The orbital fat surrounding the eyeball and the ocular 

muscles   appeared   black   (hypointense)   on   T1 - weighted  
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Fig. 1: Lateral aspect of the donkey face. The numbered red lines 

indicated the matched planes of each anatomical section with its 

compared magnetic resonance image; selected transverse planes 

(1-3) and frontal planes (4-6). co- cornea, lc- lateral can thus, lo- 

lower eyelid, mc- medial can thus, te- third eyelid, ue- upper 

eyelid. 

 

 
 

Fig. 2: Transverse sections of the left eye of the donkey (plane 1 

as designated in Figure 1): anatomical section (A) and T2-wighted 

magnetic resonance image (B). ac- anterior chamber, br- bony 

rim, cb- ciliary body, co- cornea, cr- choroid, el- ethmoidal 

labyrinth, fs- frontal sinus, ir- iris, le- lens, lo- lower eyelid, lr- 

lateral rectus muscle, mr- medial rectus muscle, ms- maxillary 

sinus, pc- posterior chamber, pf- orbita fat, sc- sclera, te- third 

eyelid, tg- tarsal gland, ue- upper eyelid, vc- vitreous chamber. 
 

images (Figs. 5, 7, 8/pf) and white (hyperintense) on T2-

weighted images (Figs. 2-4, 6/pf). While the orbital 

fibroelastic sheath that encircled the optic nerve and all orbital 

contents couldn't be identified on both sequences of MRI. 

 
 

Fig. 3: Transverse sections of the left eye of the donkey (plane 2 

as designated in Figure 1): anatomical section (A) and T2-wighted 

magnetic resonance image (B). ac- anterior chamber, br- bony 

rim, cr- choroid, dr- dorsal rectus muscle el- ethmoidal labyrinth, 

fs- frontal sinus, io- inferior oblique muscle, ir- iris, le- lens, lo- 

lower eyelid, ls- levator palpebrae superioris muscel, od- optic 

disc, pc- posterior chamber, pf- orbital fat, rb- retractor bulbi 

muscle, sc- sclera, so- superior oblique muscle, tg- tarsal gland, 

ue- upper eyelid, vc- vitreous chamber, vr- ventral rectus muscle. 
 

The eyelids were clearly delineated on the transverse 

and frontal planes of both sequences. The upper and lower 

eyelids were identified with intermediate signal intensity 

on T1-weighted images (Fig. 5/lo, ue) and low signal 

intensity on T2-weighted images (Figs. 2, 3, 6/lo, ue). 

Moreover, the third eyelid was positioned at the medial 

canthus of the eye and could be recognized on transverse 

and frontal planes with intermediate signal intensity on T1-

weighted images (Fig. 5/te) and low signal intensity on T2-

weighted images (Fig. 2/te).  

The lacrimal gland was a lobulated structure found 

dorsolateral to the eye globe and on the ventromedial aspect 

of the zygomatic process of the frontal bone. The tarsal gland 

and superficial gland of the third eyelid were positioned 

within the free margin of the upper eyelid, and within the 

third eyelid respectively. These lacrimal glands appeared 

white (hyperintense) on T1-weighted images (Figs. 5, 7/lg 

& 5/sg, tg) and homogenous intense lobulated structures on 

T2-weighted images (Figs. 4, 6/lg & 6/sg & 2, 3/tg). 

The extraocular muscles were clearly depicted on both 

MRI sequences with intermediate signal intensity. The 

medial lateral rectus, ventral rectus and the retractor bulbi  
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Fig. 4: Transverse sections of the left eye of the donkey (plane 3 

as designated in Figure 1): anatomical section (A) and T2-

wighted magnetic resonance image (B). br- bony rim, cr- choroid, 

cp- coronoid process of the mandible, dr- dorsal rectus muscle, 

el- ethmoidal labyrinth, fs- frontal sinus, if- inferior oblique 

muscle, lg- lacrimal gland, lr- lateral rectus muscle, mr- medial 

rectus muscle, msc- meningeal sheath complex, ono- intraorbital 

part of the optic nerve, pf- orbital fat, rb- retractor bulbi muscle, 

sc- sclera, so- superior oblique muscle,  tm- temporal muscle, vc- 

vitreous chamber, vr- ventral rectus muscle, za- zygomatic arch. 

 

 
 

Fig. 5: Frontal sections of the left eye of the donkey (plane 4 as 

designated in Figure 1): anatomical section (A) and T1-wighted 

magnetic resonance image (B). ac- anterior chamber, br- bony 

rim, cb- ciliary body, co- cornea, cp- coronoid process of the 

mandible, cr- choroid, el- ethmoidal labyrinth, ir- iris, le- lens, lec- 

lens capsule, lg- lacrimal gland, lo- lower eyelid, lr- lateral rectus 

muscle, mr- medial rectus muscle, ms- maxillary sinus, pc- 

posterior chamber, pf- orbital fat, rb- retractor bulbi muscle, sc- 

sclera, sg- superficial gland of the third eyelid, te- third eyelid, tg- 

tarsal gland, tm- temporal muscle, ue- upper eyelid, vc- vitreous 

chamber, zp- zygomatic process of frontal bone. 
 

muscles were best evaluated on both transverse and frontal 

planes (Figs. 4-7/mr, lr, rb & 3, 4, 6, 7/vr). While the dorsal 

rectus, two oblique muscles (superior and inferior) were 

best delineated on the transverse planes (Figs. 3, 6/dr, so & 

4/if). Moreover, the levator palpebrae superioris muscle 

was best identified within the upper eyelid on the transverse 

plane (Fig. 3/ls). However, the orbicularis oris muscle 

couldn't be determined.  
 

Optic Nerve 

The optic nerve could be classified into four parts; 

intraocular, intraorbital, intracanalicular and intracranial. 

The former part originated from the retina in the form of an 

optic disc which was seen with intermediate signal 

intensity on both MRI sequences (Figs. 3, 7/od). The 

intraorbital part, passed caudoventrally between the 

retractor bulbi muscle fibers to reach the apex of the orbit, 

and it was referred on both MRI sequences as an 

intermediate signal intense structure (Figs. 4, 7, 8/ono). 

This part was surrounded by the cerebrospinal fluid within 

the meningeal sheath forming the meningeal sheath 

complex which was outlined on T1-weighted images as 

hypointense structure (Figs. 7, 8/msc) and hyperintense on 

T2-weighted MR images (Fig. 4/msc). Both right and left 

optic nerves ran caudally within the corresponding optic 

canals as intracanalicular part (Fig. 8/onc). The meningeal 

sheath surrounding the intracanalicular part couldn't be 

outlined. The intracranial part (Fig. 8/onr) continued 

caudally to be decussated in the optic chiasma which 

appeared hyperintense on T1-weighted images (Fig. 8/oc). 

The other nerves and blood vessels supplying the eye globe 

couldn't be visualized on MR images or dissected sections. 

 
DISCUSSION 

 

The compared magnetic resonance images and gross 

sections used in this study provided a precise anatomical 

reference of the orbit, retrobulbar structures and optic 

nerve. This anatomic reference could help the clinicians to 

evaluate many ocular diseases. In addition, the given data 

could assist in establishing a functional anatomical 

reference of the ophthalmology in the donkey using MRI.  
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Fig. 6: Frontal sections of the right eye of the donkey (plane 5 as 

designated in Figure 1): anatomical section (A) and T2-wighted 

magnetic resonance image (B). ac- anterior chamber, br- bony 

rim, cb- ciliary body, co- cornea, cp- coronoid process of the 

mandible, cr- choroid, el- ethmoidal labyrinth, fs- frontal sinus, 

ir- iris, lg- lacrimal gland, lo- lower eyelid, lr- lateral rectus 

muscle, mr- medial rectus muscle, ms- maxillary sinus, pc- 

posterior chamber, pf- orbital fat, rb- retractor bulbi muscle, sc- 

sclera, sg- superficial gland of the third eyelid, tm- temporal 

muscle, ue- upper eyelid, vc- vitreous chamber, vr- ventral rectus 

muscle, zp- zygomatic process of frontal bone. 

 

 
 

Fig. 7: Frontal sections of the left eye of the donkey (plane 6 as 

designated in Figure 1): anatomical section (A) and T1-wighted 

magnetic resonance image (B). br- bony rim, cp- coronoid 

process of the mandible, el- ethmoidal labyrinth, lg- lacrimal 

gland, lr- lateral rectus muscle, mr- medial rectus muscle, ms- 

maxillary sinus, msc- meningeal sheath complex, od- optic disc, 

ono- intraorbital part of the optic nerve, pf- orbital fat, rb- 

retractor bulbi muscle, sc- sclera, tm- temporal muscle, vc- 

vitreous chamber, vr- ventral rectus muscle, zp- zygomatic 

process of the frontal bone. 
 

Using high resolution multi-planar MRI in this study 

admitted better visualization and overall orientation of the 

ocular structures, orbital cavity, orbital relationships, fluid 

chambers, retrobulbar structures, the optic nerve 

(intracranial extension) and optic chiasma. Recognition of 

these anatomical features is helpful for early detection and 

interpretation of the ophthalmic diseases and their 

intracranial extension (Kono et al. 2002; Aviv and 

Casselman 2005), as well as during application of the 

orbital diagnostic devices to avoid traumatic injuries 

(Michau and Gilger 2004). 

In the current investigation, MRI admitted a good 

depiction of the neighboring paranasal sinuses to the orbital 

cavity. This topographic relationship might help in the 

extension of the infection to the orbit, as about 60% of the 

human ocular diseases are caused by bacterial infections 

which mostly originated from the paranasal sinuses 

(Rootman 2002). So, clinical studies explaining the origin 

and extension of the orbital diseases are recommended. 

In accordance with Weber et al. (1996), Smith and 

Strottman (2001) and Casselman et al. (2008), the optic 

nerve pathway could be classified into intraocular, 

intraorbital, intracanalicular and intracranial parts. In 

addition, the optic nerve in the study under investigation 

could be differentiated from its surrounding meningeal 

sheath using MRI which could help to distinguish between 

the affections of the meningeal sheath and those of the nerve 

(Hickman et al. 2005; Goh et al. 2008). Meanwhile, the 

meningeal sheath around the intracanalicular part of the 

optic nerve couldn't be delineated in our study, which might 

be attributed to the close contact of the meningeal sheath to 

the bony optic canal (Boroffka et al. 2008). This 

discrimination between the nerve under investigation and its 

sheath complex can't be outlined using CT (Ettl et al. 2000).  

The current investigation provided high contrast 

images of both chambers of the eye using MRI. However, 

the posterior chamber of the eye globe was small-sized to 

be outlined using ultrasonography (Rogers et al. 1986). 

Furthermore, Using MRI in this study permitted a clear 

depiction of the bony rim and deep cavity of the orbit, 

which could enable a full assessment of the process of bony 

invasion/lysis   (Davis   et   al.   2002;   Goh  et   al. 2008).  
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Fig. 8: Frontal T1-weighted MR image showing the pathway of 
the optic nerve in the donkey. cp- coronoid process of the 
mandible, el- ethmoidal labyrinth, msc- meningeal sheath 
complex, oc- optic chiasma, onc- Intracanalicular part of the optic 
nerve, ono- intraorbital part of the optic nerve, onr- intracranial 
part of the optic nerve, pf- orbital fat, tm- temporal muscle, vc- 
vitreous chamber. 
 

While ultrasonography can't be used for evaluation of the 
bony involvement in the ocular pathological processes due 
to its limited visualization of the bony structures (Wilke 
and Gilger 1998).  

Similar to the observations of Aviv and Casselman 
(2005), Goh et al. (2008) and D’Aout et al. (2014), our 
results reported that the retina couldn't be visualized using 
MRI. On the other hand, the choroid was clearly delineated 
from the sclera using MRI in the present investigation, this 
comes in disagreement with the findings of Reef (1998), 
Wilke and Gilger (1998) and D’Aout et al. (2014). 

Regarding the periorbital structures, they could be 
depicted and outlined using MRI in this study including the 
glands (lacrimal, tarsal, superficial gland of the third 
eyelid), eyelids (upper, lower and third), extraocular 
muscles and orbital fat. On contrary, poor details for the 
periocular structure could be observed using 
ultrasonography (Williams and Wilkie 1996; Penninck et 
al. 2001; Bentley et al. 2003), while the superficial gland of 
the third eyelid can’t be visualized in the previous MRI 
studies in equine (D’Aout et al. 2014). 
 

Conclusion 

The present study provided a detailed anatomic 
description of the eyeball together with the optic nerve 
using MRI which could help in the future diagnosis and 
choice of the most appropriate surgery of the ocular 
diseases in the donkey. 
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