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The thyroid gland is an integral part of the complex anatomy of the equine neck. Trans-
cutaneous ultrasonography provides a non-invasive method for assessing the thyroid glands
parenchyma and dimensions in horses. This study evaluated 30 clinically healthy Turkmen
horses whose health status was confirmed through comprehensive physical examination,
complete blood count, serum biochemical analysis, and thyroid hormone analysis. The horses
were divided into two age groups: Group 1 under 36 months (three males and eight females),
and Group 2: Thirty-six months and older (eight males and eleven females). Ultrasonographic
assessment of the thyroid region was performed using a high-frequency linear transducer. Each
thyroid lobe was systematically evaluated for its dimensions, volume, morphology, contour,
parenchymal echogenicity and echotexture. Statistical analysis revealed no significant age-
related differences in thyroid parameters; however, sex-based differences were observed:
females had significantly greater thyroid lobe length and volume on both the left and right sides
compared to males. Qualitative B-mode ultrasonography showed consistent morphological
features; in the longitudinal view, all thyroid lobes exhibited a flattened, oval shape. On
transverse images, most lobes (83.93%, n = 47) appeared elliptical, while the remaining lobes
(16.07%, n = 9) were spherical. Irrespective of shape, all thyroid lobes demonstrated regular
contour margins. Regarding echogenicity, most lobes were hyperechoic, with a few being
isoechoic, relative to the sternocephalic muscle. Furthermore, all thyroid lobes exhibited
homogeneous to mildly heterogeneous echotexture. This study establishes diagnostic baselines
for thyroid evaluation in the Turkmen horse breed aiding in the detection and management of
thyroid pathologies.

© 2026 Urmia University. All rights reserved.

Introduction

A primary challenge in diagnosing thyroid
neoplasms is their silent progression. They often

The thyroid gland (Glandula thyreoidea) is an integral
part of the complex anatomy of the equine neck, situated
between the third and sixth tracheal rings. It consists of
two lobes located immediately caudal to the larynx,
typically connected by a narrow fibrous isthmus.!2 Despite
its relatively small size, the thyroid gland plays an essential
role in horses, primarily through the production and
storage of thyroid hormones triiodothyronine and
thyroxine, which affect a wide range of tissue types.3

The thyroid gland is a highly vascularized organ,
receiving blood supply from the cranial thyroid artery, the
largest branch of the common carotid artery. In healthy
horses, the gland is usually neither visible nor palpable;
however, it may become more apparent with age.!
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remain clinically unrecognized until the significant lobe
enlargement occurs, leading to increased volume of the
proximal ventrolateral neck. Consequently, there is a
higher likelihood of compression or involvement of
adjacent tissues, such as the trachea, which potentially
results in respiratory stridor, exercise intolerance, and
in severe cases, asphyxiation.*5

Transcutaneous ultrasonography offers a non-invasive
method to examine the neck region of adult horses and can
be easily performed using standard ultrasound (US)
equipment without sedation. This technique enables the
assessment of the thyroid gland’s parenchyma and size, as
well as the identification of cervical masses associated or
unassociated with the thyroid.6

Department of Clinical Sciences, Faculty of Veterinary Medicine, SR.C., Islamic Azad University, Tehran, Iran

E-mail: mnmasouleh@iau.ac.ir

@ @ @ This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)
@ which allows users to read, copy, distribute and make derivative works for non-commercial purposes from the material, as long as

the author of the original work is cited properly.



676 M. Samadipoor et al. Veterinary Research Forum. 2026; 17 (9): 675 - 680

Within the realm of companion animals, ultra-
sonographic investigations detailing the anatomy and
characteristics of thyroid gland diseases have been
extensively described in both canines and felines.”8 Also,
the ultrasonographic evaluation of normal thyroid glands
in cattle,” goats,!? and even dolphins have been reported.!!

Despite the research conducted on the examination
and evaluation of the thyroid gland and its diseases
through ultrasonography in various animal species, no
studies have reported on the ultrasonographic evaluation
of normal thyroid glands in Turkmen horses. Given the
growing investment in the maintenance and breeding of
this valuable breed in Iran, it is necessary to establish
ultrasonographic reference values for the normal thyroid
gland in Turkmen horses.

Materials and Methods

Animal selection. This study was conducted on 30
healthy Turkmen horses maintained in private riding
clubs around Karaj, Iran, during the summer of 2024. The
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.1402.185. Sample selection was performed using a
non-random convenience sampling method. Initially, all
horses, ranging in age from 3 months to 20 years, and
weighing between 90.00 and 450 kg underwent a
complete clinical examination. This examination included
a thorough assessment of general condition, evaluation of
various body systems (including the cardiovascular,
respiratory, and gastrointestinal systems), and careful
palpation of the cranial cervical region to rule out any
abnormal enlargements (which could indicate thyroid
disorders). Horses exhibiting signs of thyroid disorders or
other systemic diseases during the clinical examination
were excluded from the study. Following confirmation of
general health, venous blood samples (approximately 6.00
mL) were collected from the jugular vein of each horse at a
standardized time using sterile needles and syringes. This
timing was selected to minimize the impact of diurnal
fluctuations in hormone levels. The blood samples were
immediately transported to a specialized laboratory and
stored at 4.00 °C. In the laboratory, complete blood count
tests were performed, including white and red blood cell
counts, hemoglobin, hematocrit, and red blood cell indices,
as well as a serum biochemical panel measuring
cholesterol, triglycerides, alanine aminotransferase,
alkaline phosphatase and aspartate aminotransferase
using commercial Kkits (BiorexFars, Shiraz, Iran) and their
protocols were followed. Additionally, thyroid hormone
levels (triiodothyronine, thyroxine, and thyroid-
stimulating hormone) were measured using immunoassay
methods. The findings from the physical examination,
complete blood count, serum biochemistry, and thyroid

hormones were within normal ranges for all horses. Prior
to the study, all horses were confirmed to have received a
standard diet consisting of hay and concentrate, with no
dietary or medicinal supplements, including levothyroxine,
administered. The horses were divided into two age
groups as Group 1: under 36 months (three males and
eight females), and Group 2: Thirty-six months and older
(eight males and eleven females).

Ultrasonography. The hair over the neck area of each
horse was carefully shaved to ensure clear visibility of the
underlying structures. The skin surface was then cleaned
using alcohol to eliminate any contaminants that could
interfere with the imaging process. After preparation, the
targeted site was coated with gel to optimize image
quality. The thyroid region of the horses was examined
using a 12.00 MHz linear transducer connected to EMP-N5
ultrasound machine (Emperor, Shenzhen, China),
following a standardized protocol to ensure consistency
and reliability in the results. To ensure consistent image
quality and facilitate inter-individual comparisons, both
gain and depth settings were individually optimized for
each horse prior to the ultrasonographic examination. In
the transverse view, the width and height of each thyroid
lobe were recorded, while the length was measured in the
longitudinal view (Fig. 1). The volume of each thyroid lobe
was calculated using the following formula:

Volume = length x width x height x /6

The shape, contour, echotexture, and echogenicity of
each thyroid lobe were evaluated qualitatively as follows:
Shape: In the longitudinal view, the shape of each thyroid
lobe was classified as either flat or round; in the transverse
view, it was assessed as either spherical or elliptical.
Contour: The regularity or irregularity of each thyroid
lobe’s contour was evaluated. Echotexture: It was defined
as either heterogeneous or homogeneous. Echogenicity:
The echogenicity of each thyroid lobe was compared to
that of the sternocephalic muscle. These methods enabled
accurate  examination of the  ultrasonographic

characteristics of the normal thyroid in Turkmen horses,
providing essential data for further analysis.

Fig. 1. B-mode ultrasonographic images of a thyroid lobe in a
Turkmen horse. A) Longitudinal view, with the length of the
thyroid lobe indicated by the white line. B) Transverse view,
showing the width (white line) and height (black line) of the
thyroid lobe
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Statistical analysis. All statistical analyses were
performed using SPSS Software (version 26.0; IBM Corp.,,
Armonk, USA). The normality of data distribution was
assessed using the Shapiro-Wilk test. For normally
distributed (parametric) data, comparisons between
groups (age and sex) were conducted using the
independent sample t-tests. A significance level of p < 0.05
was considered statistically significant in all statistical
tests.

Results

Hematological analyses and serum biochemistry
profiles demonstrated values within the pre-defined
reference ranges in all horses evaluated. Moreover,
measurements of thyroid hormone concentrations,
including triiodothyronine, thyroxine and thyroid-
stimulating hormone, yielded results consistent with
normal thyroid function.

B-mode ultrasonography of the thyroid gland did not
reveal any clinically detectable masses, nodular
formations, or cysts within the examined cases.

The study aimed to perform ultrasonographic
evaluations of 60 thyroid lobes. Despite standard methods
of physical restraint employed during the examination, a
subset of the horses exhibited significant restlessness,
compromising the quality of the obtained images.
Furthermore, due to the impracticality of using sedation or
anesthesia protocols within the study, it was not possible
to obtain complete ultrasonographic data from every lobe.
Therefore, four thyroid lobes were ultimately excluded
from the analysis due to insufficient image quality; these
lobes were distributed equally between males (n = 2) and
females (n = 2) populations.

Qualitative B-mode ultrasonographic assessment
revealed distinctive morphological characteristics of the
thyroid lobes. In the longitudinal view, all 56 evaluated
thyroid lobes exhibited a flat, oval shape. In the transverse
view, the majority of the lobes (83.93%, n = 47) presented
an elliptical appearance, while the remaining lobes
(16.07%, n = 9) displayed a more spherical configuration
(Fig. 2). Irrespective of shape, all thyroid lobes
demonstrated regular contour margins.

In terms of echogenicity, the majority of thyroid lobes
in Turkmen horses across all ages were classified as
hyperechoic, with only a few being isoechoic, when
compared to the sternocephalic muscle (Fig. 2).
Furthermore, all thyroid lobes exhibited homogeneous to
mildly heterogeneous echotexture.

As detailed in Table 1, the ultrasonographic
measurements of the thyroid lobes in Turkmen horses
were categorized based on age. For horses less than 36
months of age, the mean values for the right lobe were:
length (40.06 + 1.11 mm), width (24.29 + 1.05 mm), height
(17.51 + 0.43 mm), and volume (8,960 + 570 mm?).

sternocephalic muscle
sternocephalic muscle

Thyroid lobe

Thyroid lobe

Fig. 2. B-mode ultrasonographic images of the thyroid gland in
Turkmen horses. (A) and (B) represent the longitudinal view, (C)
and (D) represent the transverse view. A) Thyroid lobe exhibits a
flat, oval shape and appears hyperechoic relative to the
sternocephalic muscle, with a heterogeneous echotexture. B)
Shows a thyroid lobe that is isoechoic compared to the
sternocephalic muscle and has a slightly heterogeneous
echotexture. C) Presents an elliptical thyroid lobe in transverse
view, D) Depicts a more spherical thyroid lobe in the transverse
view. Bars = 1.00 cm.

Corresponding values for the left lobe were: length (41.23
* 1.00 mm), width (24.25 * 1.24 mm), height (17.83 £ 0.50
mm), and volume (9,490 + 860 mm?). In horses older than
36 months, the mean values were: right lobe length (40.59
+0.72 mm), width (24.32 + 0.78 mm), height (17.01 + 0.52
mm), and volume (8,700 + 400 mm?); left lobe length
(42.19 £ 0.76 mm), width (24.46 + 069 mm), height (17.32 +
0.50 mm), and volume (9,340 * 460 mm?). Statistical
analysis revealed no significant association between the
measured parameters and age (p > 0.05), indicating no
significant differences between the two age groups.

Significant associations were identified between sex
and several ultrasonographic parameters of the thyroid
gland in Turkmen horses. Specifically, the length of both
the left and right thyroid lobes, as well as the volume of
both the left and right lobes, exhibited statistically
significant differences based on sex. The right and left
lobes length and volume were significantly larger in
female horses compared to male horses (Table 2). The
mean right lobe length in females was 41.18 + 0.58 mm
compared to 38.70 + 1.32 mm in males and the mean left
lobe length in females was 42.82 + 0.61 mm compared to
40.14 + 1.11 mm in males (p < 0.05).

The total volume of the thyroid gland in the Turkmen
horses calculated by ultrasonography was 19,330 mm? in
females and 16,160 mm?® in males.
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Table 1. Mean * standard error of ultrasonographic measurements of the thyroid gland in Turkmen horses according to sex and age. Data
are presented as Mean * SE (n).

Rightlobe Rightlobe Rightlobe Rightlobe Leftlobe Leftlobe Leftlobe Leftlobe Isthmus
Sex length width height volume length width height volume diameter
(mm) (mm) (mm) (mm3) (mm) (mm) (mm) (mm?) (mm)
Male
36.87 £ 22.76 £ 16.66 7,290.16 + 38,50+ 22.06 £ 1680+ 7,47036+ 340+
< 36 month 3.33 1.43 1.06 797.14 2.72 2.08 0.36 934.09 0.20
(3) (3) (3) (3) (3) (3) (3) (3) (3)
39.61 + 23.12 + 17.00 £ 8,043.61+ 40.76 + 23.65+ 17.30+ 8,716.00+ 3.38%
2 36 months 1.23 1.52 0.82 761.19 1.19 1.11 0.65 544.69 0.10
(6) (7) (7) (6) (8) (8) (8) (8) (6)
38.70 £ 23.02 £ 16.90 £ 7,79246+  40.14 + 2321+ 1716+ 837628+ 3.38%
Total 1.32 1.10 0.62 556.90 1.11 0.96 0.47 478.96 0.09
) (10) (10) ) (11) (1) (11) (11 )
Female
41.26 = 2486 * 1783 + 9,587.88+ 4226+ 25.07 £ 1822+ 10,252.01+ 354+
< 36 month 0.70 1.33 0.44 620.10 0.80 1.48 0.64 1,036.54 0.21
(8) (8) (8) (8) (8) (8) (8) (8) (5)
4112 + 25.16 £ 17.02 £ 9,10191+ 43.23+ 2512+ 17.34+ 984295+ 348+
2 36 months 0.90 0.77 0.71 453.29 0.90 0.86 0.77 698.17 0.17
(11 (10) (10) (10) (11) (10) (10) (10) (8)
41.18 25.02 £ 17.38 £ 9,31790+ 4282+ 25.10 17.73+ 10,024.75+ 3.50%
Total 0.58 0.71 0.44 366.38 0.61 0.79 0.51 585.16 0.12
(19) (18) (18) (18) (19) (18) (18) (18) (13)
Total
40.06 = 24.29 + 17.51 + 896123+ 4123+ 24.25 + 1783+ 949338+ 348+
< 36 months 1.11 1.05 0.43 578.91 1.00 1.24 0.50 864.89 0.14
(11 (11 (11) (11) (11) (11 (11) (11 (8)
40.59 = 2432 + 17.01 8,705.05+ 4219+ 24.46 17.32+ 934208+ 344+
2 36 months 0.72 0.78 0.52 408.63 0.76 0.69 0.50 464.87 0.10
7 17) a7 (16) (19) (18) (18) (18) (14)
p-values 0.68(NS) 098(NS) 0.49(NS) 0.71(NS) 0.45(NS) 0.87 (NS) 0.50(NS) 0.86(NS) -
40.38 = 2431+ 17.21 + 8,809.42+ 4184+ 24.38 £ 1751+ 939947+ 345+
Total 0.61 0.62 0.35 331.98 0.60 0.62 0.36 427.74 0.08
(28) (28) (28) (27) (30) (29) (29) (29) (22)

Table 2. Mean and standard error of ultrasonographic measurements of the thyroid gland in Turkmen horses according to sex. Data are
presented as Mean * SE (n).

Rightlobe Rightlobe Rightlobe Right lobe Leftlobe Leftlobe Leftlobe Left lobe Isthmus
Sex length width height volume length width height volume diameter
(mm) (mm) (mm) (mm?) (mm) (mm) (mm) (mm?) (mm)
Male 38.70+1.32 23.02+1.10 1690+ 0.62 7,792.46 £556.90 40.14+1.11 23.21+0.96 17.16 £0.47 8,376.28+478.96 3.38+0.09
€] (10 (10 €)) (11) (11) (11) (11 9
Female 41.18+0.58 25.02+0.71 17.38+0.44 9,317.90 +366.38 42.82+0.61 25.10+0.79 17.73 £0.51 10,024.75+585.16 3.50+0.12
(19) (18) (18) (18) (19) (18) (18) (18) (13)
p-values  0.05 (S) 0.12 (NS) 0.52(NS) 0.02 (S) 0.03 (S) 0.14 (NS) 0.45 (NS) 0.03 (S) -

NS: Not-significant; S: Significant.

Discussion

The present study, employing B-mode ultra-
sonography, provides valuable insights into the normal
ultrasonographic characteristics of the thyroid gland in
Turkmen horses. The findings presented herein,
specifically regarding echogenicity and echotexture
patterns, align with the established understanding of
thyroid gland morphology in other equine breeds.
However, direct comparative data within the Turkmen

horse population are limited and represent a key
contribution of this work.

The sampling strategy employed in this study was
based on a non-random convenience approach. While
this was a practical necessity due to limitations in
accessing Turkmen horses within the study timeframe,
it represented a potential limitation. Consequently, the
generalizability of our findings may be restricted, and
the results should be interpreted with this
consideration in mind.
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The assessment of echogenicity revealed that the
majority of the thyroid lobes exhibited hyper-echogenicity
compared to the adjacent sternocephalic muscle, a finding
consistent with the descriptions reported in other studies
on horses.!213 This relative hyper-echogenicity likely
reflects the normal glandular architecture, potentially
including a relatively high colloid content and a dense
follicular structure, as have been suggested in prior
research on the ultrasonographic appearance of the
equine thyroid.12 The presence of isoechoic patterns in a
smaller subset of the examined lobes could potentially be
attributed to individual variations in glandular
composition, or subtle differences in tissue hydration.
Further investigation is needed to explore the significance
of these variations.

Furthermore, the consistent identification of slightly
heterogeneous echotexture across all thyroid lobes in
this cohort is another significant finding. This subtle
heterogeneity may be a reflection of normal structural
variations within the thyroid parenchyma, encompassing
the distribution of follicular cells, colloid, and the
connective tissue framework. The heterogeneous nature
of the equine thyroid gland can be attributed to its more
complex internal structure. This finding underscores the
importance of a thorough assessment of echotexture
when interpreting the results of equine thyroid
ultrasonography.

In contrast to the findings reported by Viana et al,!2
in a previous B-mode ultrasonographic study, where the
thyroid lobes exhibited a predominantly spherical
appearance in transverse view, the Turkmen horses in
the present investigation demonstrated a predominantly
elliptical shape. Specifically, while Viana et al.,'? observed
a spherical morphology in the majority of their subjects,
the elliptical shape was the most common finding in this
study (approximately 84.00%), with spherical lobes
observed only in a minority of cases (16.07%). This
discrepancy suggests potential breed-specific differences
in thyroid gland morphology, or the use of differing
ultrasonography equipment or image acquisition
techniques, which warrants further investigation.

The present study found no statistically significant
differences in thyroid lobe dimensions across the different
age groups analyzed. One potential explanation is that the
younger age group predominantly comprised horses
approaching or within the peripubertal period, during
which thyroid gland activity and size may exhibit
considerable variability. In contrast, the older age group
might have demonstrated a degree of age-related thyroid
gland regression, leading to a reduction in gland size.* The
net result was a lack of marked differences between the
two groups.

In a study examining the normal thyroid glands of
goats, the thyroid lobes were characterized by a
homogeneous structure. This finding contrasts with the

current research, which revealed that the thyroid lobes
displayed slight heterogeneity.l® Furthermore, the
aforementioned study identified a weak correlation
between the age of the goats and the length and width of
the thyroid gland, with no significant correlations
observed among the other evaluated parameters. In
contrast, our study found no significant association
between age and the dimensions of the thyroid lobes.

To calculate the thyroid volume using maximum
length, width, and height measurements, the ellipsoid
formula is typically employed. This formula incorporates a
correction factor of /6 (approximately 0.524). However,
Brunn et al, introduced a revised correction factor of
0.479 in 1981, which they argued was more accurate than
the previous value.’s Further research by Shabana et al,
involved a comparison of thyroid volumes assessed with
various correction factors against those obtained via
computed tomography. They proposed a new average
correction factor of 0.529, falling within the acceptable
range of 0.494 - 0.554.16 In our study, we utilized the /6
correction factor, which remains a widely accepted
standard in both human and veterinary medicine.

The mean total thyroid volume in the Turkmen
horses evaluated in this study was 18190 mm?3. This
value exceeds the mean volumes reported by Viana et
al, in their study of the normal thyroid gland in adult
horses. Specifically, their documented mean total
thyroid volumes were 13,030, 13,140, and 12,440 mm?3
across the three observers, whereas our current
findings indicate a notably larger overall gland volume
in Turkmen horses.12

In humans, goiter is primarily identified by an
enlargement of the thyroid gland, characterized by
rounded margins and occasionally irregular echotexture.
In cases of congenital goiter, there is often a noticeable
increase in both the development and visibility of the
isthmus.l?  Similarly, in dogs diagnosed with
hypothyroidism, the thyroid glands may exhibit reduced
echogenicity and a decrease in size.!® In equines,
particularly Turkmen horses, the use of ultrasonography
has proven to be a valuable tool for diagnosing thyroid-
related disorders, reaffirming the important role of
imaging techniques across various species for assessing
thyroid health.

Also, while our study focused on Turkmen horses, it is
important to acknowledge the potential for breed-
specific variations in thyroid gland morphology.
Differences in thyroid size, shape, or echogenicity could
exist between various horse breeds, potentially reflecting
differences in metabolic rates, activity levels, or genetic
predispositions to thyroid disorders. Future studies
could explore these breed-specific characteristics and
their physiological implications, thereby contributing to a
more nuanced understanding of thyroid health across
diverse equine populations.
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This study has established the normal ultra-
sonographic characteristics of the thyroid gland in
Turkmen horses, providing a valuable reference for
clinical diagnosis and differentiation of thyroid conditions.
The B-mode ultrasonographic findings, which detailed the
typical anatomical features, serve as a valuable reference
for clinicians. As a non-invasive diagnostic modality, B-
mode ultrasonography is becoming an increasingly
valuable tool in veterinary practice, and the ability to
accurately interpret the normal ultrasonographic
appearance is crucial for the precise identification and
differentiation of thyroid disorders, including, thyroid
nodules, cysts, and diffuse enlargement. The data
generated in this study will aid in establishing diagnostic
baselines for identifying and managing thyroid pathologies
within the Turkmen horse breed.

While this study provides valuable information, several
limitations must be acknowledged. First, although rigorous
restraint techniques were employed, the restlessness of
some horses during the examination hindered the
acquisition of optimal image quality, and the inability to
perform the examination under general anesthesia
presented a challenge. The exclusion of four thyroid lobes
due to poor image quality could potentially introduce bias,
even though the sample loss was equally distributed
between the sexes. Future studies could benefit from more
sophisticated imaging techniques and approaches to
minimize movement artifacts. Second, the sample size,
while sufficient to establish preliminary findings, could be
expanded in subsequent investigations to enhance the
statistical power and reliability of the results.
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