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Ocular ultrasonography is a safe, painless and non-invasive diagnostic tool that provides
veterinarians with detailed images of the eye and surrounding structures. This study evaluated 30
clinically healthy Turkmen horses, divided into two groups as Group 1: under 36 months (3 males, 8
females), and Group 2: 36 months and older (8 males, 11 females). Significant differences in several
ocular parameters were identified across different age groups in Turkmen horses. Specifically, the
mean intercanthal distance, globe diameter, ciliary body volume and area, iris thickness, corpora
nigra distance, volume and area, vitreous chamber and retinal/choroidal/scleral composite size
demonstrated statistically significant variations between age categories. No significant differences
were detected between sexes within any of the age groups for above measured parameters. Of the
ocular parameters evaluated, only anterior chamber depth, central lens thickness and ciliary body
thickness demonstrated statistically significant differences based on both sex and age. The average
corneal thickness of the left and right eyes, as measured in sagittal and dorsal planes, was similar in
both male horses under 36 months and those 36 months or older when compared to their respective
female counterparts. No significant differences were observed between measurements of the leftand
right eyes, nor were there significant discrepancies between sagittal and dorsal measurements.
These findings provided a baseline for understanding normal ocular ultrasonographic features in

Turkmen horses and mightaid in diagnosis and management of ocular diseases specific to this breed.

© 2026 Urmia University. All rights reserved.

Introduction

Ocular ultrasonography is particularly useful for
evaluating horses with altered globe size, position or
dimensions as well as increased opacities in ocular
structures like the cornea, lens, aqueous humor or vitreous
chamber. It is also effective for assessing severe palpebral
or third eyelid swelling, ocular or orbital trauma,
intraocular or retrobulbar masses and for differentiating
between solid and cystic masses.!

Ocular ultrasonography also assists veterinary
clinicians in distinguishing between buphthalmos and
exophthalmos and aids in targeting diagnostic sampling
techniques such as retrobulbar fine-needle aspiration or
biopsy.2 The information obtained through this technique
is critical for monitoring disease progression, assessing
treatment response, and formulating a prognosis. Equine
ocular diseases of various etiologies, if not managed
properly, can lead to vision-threatening conditions.3#
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This technique is relatively simple and practical,
allowing it to be performed on standing horses; sedation
or local nerve blocks are only necessary in certain cases.
High-quality images can be acquired using standard
portable ultrasound machines commonly available to
equine practitioners.5

Equine ocular ultrasonography employs two principal
techniques: Transpalpebral and transcorneal. The trans-
palpebral technique, scanning through the closed eyelid
and the transcorneal technique, which involves direct
probe contact with the cornea, often yields higher-quality
images with fewer artifacts and may therefore be more
accurate for measurements. However, it can limit probe
angulation in the sagittal plane and may necessitate local
anesthesia or chemical restraint and contraindicated in
cases of corneal injuries.

A thorough understanding of the anatomy of the eye
and orbit, along with knowledge of the normal dimensions
of the equine eye and its intraocular structures as well as
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the ultrasonographic appearance of these structures
serves as a foundation for conducting clinical
examinations of the equine eye.® As there has been no
comprehensive study in the veterinary medical literature
regarding the normal appearance and dimensions of
ocular structures in Turkmen horses, the lack of
information may lead to misdiagnosis or delays in the
treatment of ocular diseases. Obtaining these
measurements could serve as a benchmark for diagnosing
various diseases and eye problems specific to this breed.

The aim of this study was to measure and compare the
ocular parameters in Turkmen horses of different ages.
The specific objectives of this research were (1) To present
the B-mode ultrasonographic appearance of the globe and
intraocular structures of the Turkmen horse’s eye, and (2)
To provide ultrasonographic measurements of the globe,
including the sagittal and dorsal planes of the intraocular
structures. This information could serve as a reliable
reference for veterinarians and researchers in diagnosing
and treating ocular diseases in this specific breed.

Materials and Methods

Animal selection. The study was conducted during
the summer of 2024 at several privately-owned Turkmen
horse clubs in Karaj, Iran. This study was reviewed and
approved by the institutional ethics committee of Islamic
Azad University, Science and Research Branch, with
approval number IR.IAU.SRB.REC.1402.186. Selected
horses were clinically healthy, showing normal results on
both ocular and physical examinations and possessed valid
health certificates as confirmed by their owners. The left
and right eyes of 30 Turkmen horses were included in the
study. The horses ranged from 3 to 240 months of age (3
months to 20 years), weighed between 90.00 and 450.00
kg, and comprised 19 females and 11 males. The inclusion
of diverse age groups and both genders aimed to ensure a
comprehensive understanding of the ocular characteristics
within the breed. The horses were divided into two age
groups as Group 1: under 36 months (3 males, 8 females)
and Group 2: 36 months and older (8 males, 11 females).

Restraint and sedation. All horses were physically
restrained in a standing position during the examination.
No chemical sedation or local nerve blocks were required,
as the procedure was well-tolerated by all animals.

Ultrasonographic technique. The ultrasonographic
assessments were performed using an EMP N5 full digital
ultrasound machine equipped with a 12.00 MHz linear
transducer (EMP-N5; Emperor, Shenzhen, China). A trans-
palpebral approach was employed for all examinations.”
The transducer was placed gently on the closed upper
eyelid which had been generously coated with the
coupling gel. Direct contact between the transducer and
the cornea (transcorneal approach) was strictly avoided to
prevent corneal compression and potential discomfort.

Ocular examinations were conducted using two
distinct planes: Dorsal and sagittal. The imaging protocols
were standardized as follows: Left dorsal and left sagittal
planes for the left eye and right dorsal and right sagittal
planes for the right eye.

Measured ocular parameters. The following
parameters were measured in both sagittal and dorsal
planes for each eye as illustrated in the schematic diagram
(Fig. 1): 1- Inter canthal distance: The distance between
the medial canthi of both eyes. 2- Globe diameter: The
distance from the anterior corneal surface to the inner
scleral surface along the optic axis. 3- Corneal thickness: The
distance between the anterior and posterior corneal
surfaces at the center. 4- Anterior chamber: The distance
from the corneal endothelium to the anterior lens capsule.
5- Central lens thickness: The distance between the
anterior and posterior lens capsules at the lens center. 6-
Ciliary body dimensions: Thickness, volume and area. 7-
Iris thickness: The maximal thickness of the iris body. 8-
Vitreous chamber: The distance from the posterior lens
capsule to the inner scleral surface. 9- Retinal/Choroidal/
Scleral Composite Thickness: The combined thickness of
these three layers at the posterior pole. 10- Corpora nigra
dimensions: Distance, volume and area. Notably, the area
and volume of the ciliary body and corpora nigra were
assessed directly using the ultrasonographic measurement
tools. All measurements were performed four times on
four separate, high-quality images for each eye. The
average of these four measurements was recorded as the
final value for statistical analysis.
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Fig. 1. Schematic representations of the normal ocular structures
in the Turkmen horse, illustrating the anatomical relationships.
The numbered labels indicate: (1) Globe diameter, (2) Corneal
thickness, (3) Anterior chamber, (4) Central lens thickness, (5)
Vitreous chamber, and (6) Retino-choroid-sclera combination.
The schematic illustration was created by the authors using
Adobe Photoshop CC (version 14.0; Adobe Inc., San Jose, USA)
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Statistical analysis. All statistical analyses were
performed using SPSS Software (version 26.0; IBM Corp.,
Armonk, USA). Significant differences in several ocular
parameters were identified across different age groups in
horses, as determined by independent samples ¢t-test and
Mann-Whitney U test, after confirmation by Shapiro-Wilk
normality test. A significance level of p < 0.05 was
considered for all statistical tests.

Results

The cornea of the equine eye was visualized as a
convex, hyperechoic structure located beneath the eyelids.
While individual layers were not always distinctly
separable on ultrasonography, the cornea was known to
consist of three primary layers: The outer epithelium, the
central stroma and the inner endothelium.

The anterior chamber appeared as a crescent-shaped,
anechoic area posterior to the cornea. The iris, identified
as irregular hyperechoic linear bands, was continuous
with the ciliary body, which formed a circumferential
structure immediately posterior to the iris (Figs. 2A and
2D). In most cases, clear separation between the iris and
ciliary body was not evident near the pupillary margin,
however, the ciliary body could be distinguished as an
irregular hyperechoic structure posterior to the iris. The
corpora nigra (granula iridica) was presented as hyper-
echoic masses on the anterior surface of the iris at the
pupillary margin (Fig. 2B). The lens was characterized as
an anechoic structure with a curved, hyperechoic anterior
surface and a relatively straight, less hyperechoic posterior
surface along its central axis. The vitreous chamber
appeared as a uniformly anechoic area posterior to the
lens, extending to the anterior inner surface of the
posterior globe. The retina, choroid and sclera collectively
formed a hypoechoic band, delineating the posterior
aspect of the globe. The contents of the extraconal orbit
(retrobulbar region), including muscle, fat, neural tissue
and vasculature were visualized with varying
echogenicities posterior to the globe. The optic nerve was
identified as a hypoechoic structure posterior to the optic
disc within the retrobulbar region (Fig. 2C). Significant
differences in several ocular parameters were identified
across different age groups. Specifically, the mean
intercanthal distance, globe diameter, ciliary body volume
and area, iris thickness, corpora nigra (granula iridica)
distance, volume and area, vitreous chamber and
retinal/choroidal/scleral composite size demonstrated
statistically significant variations between age categories
(p < 0.05). Of the ocular parameters evaluated, only
anterior chamber depth, central lens thickness and ciliary
body thickness demonstrated statistically significant
differences based on both sex and age. Specifically, both
anterior chamber depth and central lens thickness were
significantly greater in male Turkmen horses compared to

females. The ciliary body thickness exhibited an age-
dependent pattern: It was significantly shorter in males
within the under 36-month age group but was significantly
longer in males within the 36-month and older group. No
significant sex-based differences in corneal thickness were
observed in either age group. No significant differences
were found between the left and right eyes or between
measurements taken in the sagittal and dorsal planes.
However, image acquisition was technically easier in the
dorsal plane. Weight showed a significant correlation with
ocular parameters in this breed. However, age exhibited a
more substantial relationship with all ocular parameters in
Turkmen horses, indicating that ocular indices were
greater in horses 36 months and older compared to those
under 36 months. Significant parameters, relevance and
statistical differences are also identified in Tables 1 and 2.

co

Fig. 2. Representative B-mode ultrasonogram of the normal
Turkmen horse eye. The image demonstrates the key ocular
structures. A) The cornea (CO) appears as a convex, hyperechoic
structure beneath the eyelids. The anterior chamber (AC) is
visualized as an anechoic space between the cornea and the
anterior lens capsule. The anterior and posterior lens capsules
(ALC and PLC, respectively) are seen as thin, hyperechoic lines
outlining the anechoic lens. Portions of the iris (I) and the ciliary
body (CB) are visible as irregular hyperechoic bands. B) The
corpora nigra (CN) is visualized as a hyperechoic mass at the
pupillary margin. C) The vitreous chamber (VC) appears as a
uniformly anechoic area posterior to the lens, and the retina (R),
choroid, and sclera collectively are represented as a hypoechoic
band delineating the posterior aspect of the globe. The optic
nerve (ON) is seen as a hypoechoic structure and the surrounding
retrobulbar muscles and fat (RB) demonstrate varying
echogenicities posterior to the globe. D) Corpora nigra (CN).
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Discussion

Ocular ultrasound is a versatile and well-established
diagnostic tool in ophthalmology, since 1956.8 This
technique provides crucial information on anatomical
features, internal structures and vascular patterns that
may be difficult to assess otherwise. Such information is
essential for guiding treatment, monitoring disease
progression and formulating prognoses.?

This study provided one of the first comprehensive
reports on the ultrasonographic features of the eye in the
Turkmen horse. Our findings indicated that while the
ultrasonographic appearance of ocular structures in this
breed was similar to others,2310 their dimensions were
significantly influenced by both age and sex.

As expected, all measured ocular parameters were
larger in horses over 36 months old compared to younger
animals. This result, which supports previous findings in
other breeds,”11-17 demonstrated the continued growth of
the globe post-maturity. The positive correlation between
weight and ocular dimensions reported by Grinninger et
al, was also confirmed in our study population.12

A notable finding was the presence of sex-based
differences in specific parameters. Anterior chamber
depth and central lens thickness were significantly greater
in male horses. This sexual dimorphism is likely
attributable to the larger overall body size of males,
hormonal influences or genetic factors. Although probe
pressure can influence anterior chamber measurements,!3
examination conditions were consistent for all animals in
this study, supporting the existence of a true anatomical
difference within the Turkmen breed.

In contrast to Herbig and Eule, who reported that most
corneal growth occurs within the first 6 months of life,13
we observed a small yet positive relationship between age
and central corneal thickness.

In summary, this study established valuable
preliminary reference data for interpreting ocular
ultrasonography in the Turkmen horse. The confirmation
of purebred status and rigorous standardization of the
ultrasonographic  technique to prevent corneal
compression, as noted by the reviewer, should be
emphasized in future studies to further enhance the
accuracy of these measurements.

This study provided a comprehensive characterization
of the normal ocular structures in Turkmen horses using
B-mode ultrasonography. The observed ultrasonographic
appearance of the ocular structures and the measure-
ments obtained, generally aligned with those reported in
other horse breeds. However, statistically significant
differences were noted in some ocular parameters,
particularly in relation to age and sex. Specifically,
increasing age was associated with larger ocular
dimensions, while males exhibited larger anterior
chambers and lens thicknesses compared to females.

These findings provided valuable reference values for
clinicians and researchers, enhancing the ability to diagnose
and manage ocular conditions in this specific breed.
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