BioScientific Review (BSR)

Volume 7 Issue 3, 2025

ISSN(p): 2663-4198, ISSN(g): 2663-4201

Homepage: https://journals.umt.edu.pk/index.php/bsr

Article QR \
{ S
Title: Veterinary Reproductive Ultrasonography: Advances, Applications,
and Future Prospects
Author (s): Sajad Ali Laghari, Qudratullah Kalwar, Muhammad Mohsen Rahimoon, Fayaz

Hussain, Fazul U Rahman Soomro, Taj Muhammad, Abdul Saboor, Iqrar Uddin

Affiliation (s): 'Department of Theriogenology, Faculty of Veterinary Sciences, Shaheed Benazir Bhutto
University of Veterinary and Animal Sciences, Sakran, Pakistan
*Department of Wildlife Management, Shaheed Benazir Bhutto University of Veterinary
and Animal Sciences Sakrand Pakistan

DOI: https://doi.org/10.32350/bsr.73.04

Hist()ry: Received: March 30, 2025, Revised: May 21, 2025, Accepted: July 02, 2025, Published:
August 29, 2025

Citation: Laghari SA, Kalwar Q, Rahimoon MM, Hussain F, Soomro FUR, Muhammad T,

Saboor A, Uddin I. Veterinary reproductive ultrasonography: advances,
applications, and future prospects. BioSci Rev. 2025;7(3):42-60.
https://doi.org/10.32350/bsr.73.04

Copyright: © The Authors

Licensing: This article is open access and is distributed under the terms of

Creative Commons Attribution 4.0 International License

Conflict of Author(s) declared no conflict of interest.
Interest:

A publication of
The Department of Life Sciences, School of Science
University of Management and Technology, Lahore, Pakistan


https://journals.umt.edu.pk/index.php/bsr
https://doi.org/10.32350/bsr.73.04
https://doi.org/10.32350/bsr.73.04
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Veterinary Reproductive Ultrasonography: Advances, Applications, and Future
Prospects

Sajad Ali Laghari* @9, Qudratullah Kalwar’®, Muhammad Mohsen Rahimoon‘®, Fayaz
Hussain®, Fazul U Rahman Soomro‘®, Taj Muhammad®2, Abdul Saboor'®, Iqrar Uddin

"Department of Theriogenology, Faculty of Veterinary Sciences, Shaheed Benazir Bhutto Univer-
sity of Veterinary and Animal Sciences, Sakran, Pakistan

2Department of Wildlife Management, Shaheed Benazir Bhutto University of Veterinary and Ani-
mal Sciences Sakrand Pakistan

ABSTRACT

Background. Ultrasonography is a vital imaging tool in veterinary practice, particularly
for reproductive assessment and pregnancy monitoring in animals. Modern ultrasound de-
vices are compact, affordable, and efficient, facilitating their widespread clinical use. Ini-
tially applied in livestock for early pregnancy detection in the 1980s, this technique now
aids in managing reproductive disorders. Despite its benefits, only a limited number of
veterinarians utilize it beyond basic pregnancy diagnosis.

Methods. This review examines the current literature on veterinary reproductive ultraso-
nography, as well as its various applications, types, modes including A-mode (1D), B-
mode (2D), M-mode (motion), and Doppler (blood flow), diagnostic purposes, proper
probe selection, patient preparation (hair trimming, gel application), and machine settings.
Data from several studies are analyzed to summarize the uses of reproductive ultrasonog-
raphy in domestic animals.

Results. Ultrasonography enables early pregnancy detection (as early as Day 20-25 in
small ruminants and Day 23-30 in cattle), fetal viability assessment, and sex determination
(Day 55-60). It accurately monitors ovarian structures (follicles, corpus luteum) and detects
reproductive disorders (endometritis, pyometra). Doppler ultrasound evaluates blood flow,
while M-mode tracks fetal heart activity. This technique is safe, non-invasive, and en-
hances the efficiency of reproductive management.

Conclusion. Ultrasonography is a safe, non-invasive, and a highly effective tool for repro-
ductive management in veterinary medicine. It enhances early pregnancy diagnosis, fetal
monitoring, and infertility management in livestock and companion animals. Despite its
advantages, underutilization persists due to limited expertise among practitioners. Further
research is needed to explore its long-term biological effects, though current evidence sup-
ports its diagnostic safety and reliability.

Keywords: diagnosis, imaging, pregnancy, reproduction, veterinary, ultrasonography
Highlights
e Non-invasive, real-time imaging for reproductive assessment in animals.

e  Early pregnancy detection (Day 20-30) and fetal viability monitoring.
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Veterinary Reproductive Ultrasonography...

e  Doppler and M-mode ultrasound assess blood flow and cardiac activity.

e Safe, cost-effective, but requires skilled operators for accurate diagnosis.

GRAPHICAL ABSTRACT

Uses of Veterinary Reproductive
Ultrasonography

e Early and accurate pregnancy diagnosis
e Fetal viability assessment

e Determination of fetal number

e Detection of reproductive disorders
e  Monitoring of ovarian activity

Various Ultrasonography Types

Amplitude mode (A-mode)
Brightness mode (B-mode)
Motion mode (M-mode)
Doppler mode

1. INTRODUCTION

Ultrasonography is a widely utilized
imaging technique in veterinary practice
[1]. Tt is the preferred imaging technique for
assessing the reproductive system and mon-
itoring pregnancy in both animals and hu-
mans. Modern ultrasound devices are now
more compact, affordable, and highly effi-
cient. These advancements, combined with
the use of digital imaging technology, have
facilitated the widespread use of ultrasound
in clinical practice environments [2—4].
During the 1980s, /ultrasonography was
first applied for early pregnancy detection
in livestock. Various ultrasonographic mo-
dalities, including A-mode, B-mode, and
Doppler mode, have been employed in the
livestock sector for reproductive assess-
ment. Ultrasonography has many applica-
tions in reproductive management of live-
stock and companion animals. However, it

Safety of Diagnostic Ultrasound

Non-ionizing technology

No harmful effects at diagnostic levels
Safe for all ages and species

No risk of radiation

Thermal and mechanical effects are
minimal

Types of Ultrasound Probes

e Linear probe
e  Curvilinear probe
e  Sector probe

still remains underused by veterinarians for
managing reproductive disorders [5]. Addi-
tionally, many veterinary ultrasonog-
raphers primarily rely on ultrasound scan-
ners for early pregnancy detection and re-
search. The routine use of ultrasonography
enhances diagnostic accuracy, leading to
more precise drug administration. In large
ruminants, it significantly reduces or even
eliminates the common errors associated
with manual rectal palpation when as-
sessing physiological and pathological con-
ditions of the ovaries as well as the uterus

[6].

Real-time B-mode diagnostic ultra-
sound has been gaining popularity as a use-
ful imaging technique for small ruminant
reproduction. Its effectiveness in address-
ing unresolved issues, diagnosing preg-
nancy, and managing reproductive disor-
ders has become increasingly evident [7].
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No cases of embryonic mortality or abor-
tion have been observed, as continuous ul-
trasound monitoring throughout pregnancy
confirmed that the newborns were anatom-
ically normal and healthy [8]. Ultrasonog-
raphy is widely utilized in veterinary gyne-
cology to determine pregnancy stages and
count fetuses. The trans rectal method al-
lows for precise diagnosis as early as day
23 of gestation [9, 10], while the trans-ab-
dominal method becomes effective by Day
35 of the pregnancy [11].

Reproductive ultrasonography has
greatly advanced in diagnosing infertility in
dogs [12, 13]. In the past, its application in
canine reproduction was primarily limited
to pregnancy detection. However, with
technological advancements, its use has ex-
panded beyond diagnosis to include preg-
nancy monitoring, estimation of parturition
dates, and management of various condi-
tions such as threatened or induced abor-
tions, endometritis, pyometra, subinvolu-
tion, pyometra, and ovarian disorders [14].
Today, ultrasonography serves not only as
a diagnostic method but also as a means to
monitor the effectiveness of treatments for
various reproductive disorders. Hence, it is
evident that veterinary reproductive ultra-
sonography is a valuable tool for control-
ling fertility in companion and farm ani-
mals.

1.1. Basic Principle of Ultrasonography

The basic principle of ultrasound relies
on using high frequency sound waves to
produce pictures of the internal organs.
These sound waves are produced by a trans-
ducer. They pass through tissues and return
when they come into contact with varying
densities. When the transducer detects the
returning echoes, it transforms them into
electrical signals. A computer then pro-
cesses these signals to create a real-time im-
age. This technique is commonly used in
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medical and veterinary diagnostics to visu-
alize organs, tissues, and developing fe-
tuses without using radiation [15]. It is im-
portant to understand that the ultrasound
image represents a thin slice of an organ,
resembling a low-magnification histology
section. The probe essentially acts as a
blade, cutting through the organ from top to
bottom. As a result, a two-dimensional,
cross-sectional image of the targeted organ
is produced using B-mode ultrasonography.
As the probe glides over the tissue, ultra-
sound images are continuously refreshed
and layered on top of one another. This
rapid succession of sectional views creates
an effect similar to animation, making the
structures appear to be in motion. A clear
understanding of the organ’s three-dimen-
sional form in space is essential to accu-
rately interpret the sectional images dis-
played on screen [6].

1.2. Properties and Image Clarity of
Probes of Ultrasound

The most sensitive part of the ultra-
sonic system is the probe. In veterinary
practice, probes with frequencies ranging
from 3 to 10 MHz are commonly used.
There are three main types of probes: linear,
curvilinear, and sector. In theriogenology,
linear or curvilinear probes are typically
used for transrectal ultrasound examination
of the ovaries and uterus. The linear probe
contains a fixed arrangement of electronic
crystals activated to produce a rectangular
sonograph [16]. This probe provides high-
resolution imaging for tissues located near
the surface. In contrast, curvilinear and sec-
tor probes have one or more crystals ar-
ranged to produce a pie-shaped ultrasound
beam. A key advantage of these probes is
their ability to scan a larger area without
needing extensive contact with the surface.
When using IVF technology, the sector
probe is especially helpful for ultrasound-
guided transvaginal aspiration of bovine
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follicles and for fetal inspection during
transabdominal ultrasonography. Lower-
frequency probes allow for deeper tissue

penetration but result in reduced image res-
olution [17].

Table 1. Probe Selection Guidelines for Reproductive Ultrasonography in Different Ani-

mals
Frequency Depth
Species Probe Type Range (MHz) Pel'letra— References
tion
Ca“flael/f“f' Linear/Curvilinear 5-10 MHz 512 cm [9, 16]
Goat/Sheep  Microconvex/Linear 6—8 MHz 4-8 cm [11]
Horse Linear (transrectal) 5-7.5 MHz 8—15cm [9. 16, 58]
Dogs Curvilinear/Sector 3-6 MHz 5-15cm [27]
Cats ngh'freggfncy Lin- 55 j0MHz ~ 2-6cm [27]

1.3. Various Ultrasonography Types

1.3.1. Amplitude Mode (A-mode).
Amplitude mode, also known as 1-D ultra-
sound, is the earliest ultrasound technique,
developed in 1930. In this method, the
transducer emits a single ultrasound pulse
into the medium, producing a basic one-di-
mensional image. When the ultrasound
waves reach tissue boundaries, they gener-
ate a series of vertical peaks on the display.
To find the distance between these echo
spikes, the speed of sound in tissue (1540
m/s) is divided by half the measured time
for the echoes to return. However, this tech-
nique offers minimal information about the
spatial relationships of the imaged struc-
tures. Amplitude mode (A-mode) ultra-
sound produces a one-dimensional repre-
sentation that displays echo amplitudes at
different depths. This mode utilizes ampli-
tude and depth as its primary axes. It is
commonly employed for pregnancy diag-
nosis in goats, sheep, and equine [18].

1.3.2. Brightness Mode (B-mode). B-
mode ultrasonography produces a two-di-
mensional (2D) image by scanning an area
with a linear array of 100 to 300 piezoelec-
tric elements. This is unlike A-mode, which

46 ——|BSR

utilizes a single element. B-mode ultra-
sound, commonly referred to as Brightness-
mode imaging, displays two-dimensional
anatomical structures with varying bright-
ness to represent echo amplitudes. Gray-
scale intensity indicates echo strength,
while the horizontal and vertical axes show
actual tissue distances. This technique al-
lows for the visualization of a cross-sec-
tional image of the targeted area. In the ma-
jority of modern ultrasound systems, B-
mode is used to examine the reproductive
tract in animals using real-time scanning.
This imaging technique provides a two-di-
mensional display where brightness corre-
sponds to echo amplitude. Real-time imag-
ing continuously captures echoes, allowing
dynamic observation of events, such as fe-
tal limb movements and heartbeat in real-
time [19].

1.3.3. Motion Mode (M-mode). B-
mode imaging has been modified to create
M-mode (motion mode) imaging that eval-
uates dynamic structures like the heart. It
represents changes in reflector depth over
time using a basic line graph, where depth
and time serve as the axes [6]. When an A-
mode or B-mode image is Trasferred in M-
mode ultrasonography, pulses are sent out

BioScientific Review
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quickly. This process is similar to creating
a video in ultrasound. As reflective organ
boundaries shift in relation to the probe,
this technique helps measure the velocity of
specific organ structures, effectively illus-
trating their movement over time. Firstly, a
two-dimensional image is obtained and a
single scan line is positioned over the area
of interest. M-mode then displays how the
structures along that line shift toward or
away from the probe over time. With its
high temporal resolution, M-mode is partic-
ularly effective for/in identifying and cap-
turing fast movements [20].

1.3.4. Doppler Mode. Doppler ultra-
sound systems create vibrant, multicolored
images of blood flow patterns by detecting
its movement at an angle to, away from, or
in the direction of the transducer. Doppler
Shift refers to the alteration in frequency or
wavelength of a sound wave due to the rel-
ative motion between the sound source and
receiver. This principle helps estimate
high-frequency ultrasonic waves off of
moving red blood cells to reflect blood flow
in arteries. Doppler ultrasound specifically
detects blood flow, in contrast to normal ul-
trasonography, which uses sound waves to
create images [21].

1.4. Ultrasonographic Techniques

In buffaloes, horses, goats, sheep, and
pigs, both transrectal and trans-abdominal
ultrasound examinations are commonly
used to assess reproductive health, includ-
ing normal and abnormal conditions. Dur-
ing the middle to late stages of pregnancy,
trans-abdominal ultrasonography is typi-
cally conducted while the animal remains
standing to evaluate fetal well-being by
monitoring movements, heartbeats, umbili-
cal blood flow, and the condition of the
placentomes. The quality of the ultrasound
image is influenced by the selected trans-
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ducer, the machine's gain settings, and pa-
tient preparation. One step in the prepara-
tion of the patient for diagnosis is to trim
the hair over the region of concern. Hair
traps air, making it difficult for sound to
travel. By moistening the hair with water or
alcohol, air can be eliminated from areas
where the hair is fine or thin. After the hair
has been trimmed or wet, ultrasonographic
gel is used to ensure the best possible con-
tact and sound transmission from the trans-
ducer to the animal's tissues [22]. The ma-
chine's gain settings are used to adjust how
loud the echo comes back from the struc-
ture of interest. The equipment can be ad-
justed to compensate for the loss of signal
because the ultrasonic beam's power dimin-
ishes as it moves deeper into the tissues.
With a slope that accounts for the growing
signal loss brought on by sound reflection
and refraction from tissues positioned be-
tween the transducer and the deepest struc-
ture to be scanned, this compensation often
varies in machines. The thickness of the re-
gion being inspected should be taken into
consideration while choosing the trans-
ducer, and if at all possible, the focused
zone of the transducer should correspond to
the depth of the overall area of interest [23].

1.4.1. Trans-rectal Ultrasound Tech-
nique in Cattle and Buffaloes. For trans-
rectal ultrasound scanning, a linear or
curved probe operating within a frequency
spectrum of 5 to 10 MHz is commonly em-
ployed. The preparation process for this
procedure is similar to that of rectal palpa-
tion. The transducer is coated with gel, alt-
hough the natural moisture of the rectal
wall often makes additional coupling me-
dium unnecessary. To prevent rectal inju-
ries, the same precautions taken during rec-
tal palpation should be followed when in-
serting the lubricated hand and transducer.
Additionally, fecal matter must be cleared
beforehand to prevent image distortions

Volume 7 Issue 3, 2025
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during the examination. It is crucial to take
appropriate precautions to ensure that the
transducer is correctly guided through the
rectal passage and avoids entering an unin-
tended cavity. This can be accomplished by
extending the fingers beyond the tip of the
transducer during substantial forward
movements. The trans-rectal technique is
the preferred method for ultrasound exami-
nation in non-pregnant females and those in
the early stages of pregnancy [24]. To se-
cure either a linear or curvilinear probe Al
sheaths or PVC pipes can be utilized, mak-
ing it more convenient for trans-rectal scan-
ning in small ruminants [10]. In small rumi-
nants and swine, trans-rectal examination is
typically performed while the animal is
manually restrained in a standing position.
To enhance image quality, feces should be
cleared from the rectum. Moreover, a wa-
ter-soluble gel should be applied before-
hand to prevent mucosal injury and facili-
tate sound wave transmission. A probe op-
erating at a frequency of 6 to 8 MHz is in-
troduced into the rectum, aligning the trans-
ducer perpendicular to the ventral ab-
dominal wall. The urinary bladder is the in-
itial structure detected, presenting as an
echogenic formation. The uterine body is
located dorsal to the bladder, with each
uterine horn positioned on its respective
side. The exact placement of the uterus de-
pends on factors such as bladder fullness,
uterine size, the animal’s age, and repro-
ductive history. After locating the bladder,
the probe should be rotated laterally in both
clockwise and counterclockwise directions
to achieve a comprehensive view of the
uterine horns and ovaries. The transrectal
approach enables reliable pregnancy diag-
nosis in small ruminants and pigs, as early
as 20 days post-breeding [25].

1.4.2. Trans-abdominal Ultrasonog-
raphy in Farm Animals. In the middle to
late stages of pregnancy, trans-abdominal

ultrasonography is commonly conducted
while the animal remains standing to assess
fetal condition, including movements,
heartbeats, integrity of the placenta, and
umbilical blood flow. In both large and
small ruminants, a convex transducer oper-
ating at a frequency of 3 to 5 MHz should
be placed in the inguinal area, directly in
front of the udder; in pigs, however, it
should be placed just above the last teat
[25]. To improve contact between the trans-
ducer and the skin while minimizing air in-
terference, some breeds may have their in-
guinal hair clipped, while contact gel
should be liberally applied to the probe. In
large ruminants, the trans-abdominal ap-
proach is primarily used during mid to late
gestation, as the fetus shifts into the ab-
dominal area during this stage. However,
Transrectal scanning is generally preferred
for monitoring the fetus and other preg-
nancy-related aspects [26].

1.4.3. Trans-abdominal Ultrasonog-
raphy in Companion Animals. A convex
sector transducer operating at a frequency
of 3 to 6 MHz is perfect for canines to as-
sess the normal uterus, as it covers a larger
area. While, in felines, high-frequency
transducers of 7.5 to 10 MHz are preferred.
Both species are typically examined in dor-
sal, lateral recumbency or while standing.
However, many pet owners may resist
shaving the ventral abdominal hair, which
is a common practice to achieve optimal
image clarity [27]. Using alcohol or similar
wetting solutions before applying ultra-
sound gel on furry skin can improve imag-
ing results by minimizing the interference
caused by hair between the transducer and
the skin. A distended urinary bladder en-
hances uterine visibility by serving as an
acoustic window, positioning the uterine
body between the bladder ventrally and the
colon dorsally for clearer observation [28].
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1.4.4. Ultrasound Applications in
Reproductive Management of Domestic
Animals. Ultrasound is better than radiog-
raphy in examining soft tissue structures
because it can distinguish between different
soft tissues according to their composition
and also separate fluid from them [29].
Therefore, ultrasound provides a non-inva-
sive substitute for numerous radiographic
contrast procedures, though both methods
are viewed as complementary. Addition-
ally, ultrasound offers data that was re-
quired exploratory laparotomy [30]. Other
applications include pregnancy detection,
determining fetal numbers, and even fetal
sex [31]. As a method to diagnose preg-
nancy, transrectal ultrasonography is both
precise and quick, providing immediate re-
sults at the time of testing. Factors such as
the rate of embryonic loss and the effective-
ness of rebreeding strategies at different
stages after breeding also influence the ben-
efits and drawbacks of when pregnancy di-
agnosis and resynchronization are per-
formed [32].

1.5. Evaluation of Typical Ovarian Ana-
tomical Components

1.5.1. Follicles. The sonographic anat-
omy of bovine ovaries has been extensively
studied. Antral follicles, which appear as
anechoic (fluid-filled) regions, vary in size
and can be distinguished from blood ves-
sels in cross-sectional views due to the ves-
sels’ elongated, tubular morphology [33].
Studies confirm a strong linear relationship
between antral follicle diameters measured
via transrectal ultrasonography in live ani-
mals and those obtained from postmortem
examinations [34]. Studies have also rec-
orded correlation coefficients ranging from
0.7 to 0.9 for different follicular sizes, when
comparing in vivo ultrasonography with
post-mortem examination of excised ova-
ries [35]. In goats, transrectal ultrasonogra-
phy has been identified as a dependable
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technique for analyzing follicular dynamics
[36].

1.5.2. Ovulation. Ultrasound exami-
nation has been utilized to identify ovula-
tion, as documented in various studies [37].
A longitudinal study involving eight heifers
employed ultrasonography to examine
ovarian dynamics at 4-hour intervals
throughout estrus and the subsequent pe-
riod. The occurrence of ovulation was con-
firmed when a previously documented pre-
ovulatory follicle was no longer found to be
detectable via ultrasonography, subse-
quently replaced by corpus luteum develop-
ment at the identical ovarian site. The diag-
nostic accuracy of 2-hour interval ultra-
sound scanning to detect ovulation onset
has been conclusively established [38].

1.5.3. Corpus Luteum. Multiple in-
vestigations have characterized the so-
nographic appearance of corpora lutea,
documenting their distinctive morphologi-
cal features [37, 39]. Typically, a corpora
lutea can be identified via ultrasonography
starting from the third day following ovula-
tion. Ultrasonographic examination reveals
developing corpora lutea as an irregular, ill-
defined, greyish-black structure with echo-
genic spots inside the ovary. Mid-cycle cor-
pora lutea exhibits characteristic ultraso-
nographic features including defined bor-
ders, homogeneous granular architecture,
and moderate echogenicity that contrasts
with the ovarian parenchyma. Luteal re-
gression is characterized ultrasonograph-
ically by fading tissue demarcation, since
the echogenic differential between the cor-
pora lutea and ovarian parenchyma dimin-
ishes [40]. In small ruminants like goats,
where rectal palpation cannot be used to as-
sess ovarian structures, ultrasound imaging
stands as the most effective method to mon-
itor ovarian activity, as previously noted
[36].
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1.6. Ultrasonography Used in the Diag-
nosis of Pregnancy

Early detection of pregnancy can en-
hance reproductive efficiency by shorten-
ing the time between consecutive artificial
insemination procedures. Additionally,
identifying non-pregnancy early on allows
for the implementation of an assertive strat-
egy to promptly rebreed the animal [41].
Pregnancy in cows can be detected through
ultrasound imaging, which shows the fetus
as a bright, reflective structure surrounded
by a darker, fluid-filled space [42]. To man-
age early pregnancy losses, cows diagnosed
as pregnant soon after breeding should re-
ceive additional check-ups in order to iden-
tify and rebreed those that suffer embryo
loss. This guideline is relevant for all early
pregnancy diagnosis techniques, such as
transrectal palpation, conducted before the
risk of embryonic loss decreases. There-
fore, for optimal herd fertility, dairy pro-
ducers using early pregnancy testing should
strategically schedule follow-up checks to
maximize reproductive efficiency.

1.6.1. Pregnancy Diagnosis in Cattle
and Buffaloes. Early identification of non-
pregnant animals post-breeding improves
herd fertility outcomes in bovine species by
reducing inter-service intervals and creat-
ing more opportunities for successful con-
ception through timely re-insemination. Ul-
trasound provides a rapid method for preg-
nancy diagnosis. Skilled palpators can
swiftly adapt to this technology by identify-
ing the embryonic vesicle, developing em-
bryo with a heartbeat, and corpus luteum
verum amniotic membrane, as early as 30
days after breeding [31]. The stage of em-
bryonic or fetal development can be as-
sessed by taking crown-rump length (CRL)
and transverse head diameter measure-
ments at 30 days post-conception. Around
this time, the CRL is approximately 1 cm
and increases by about 1 mm per day until
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Day 40, after which the growth rate accel-
erates. In bovines (cattle and buffaloes), de-
termining fetal age is the most clinically
useful before Day 60 of pregnancy, as its
diagnostic value diminishes considerably in
later stages of gestation. The rationale for
diagnosing pregnancy at 30 days in large
ruminants is based on the 21-day estrus cy-
cle; if an animal does not show signs of es-
trus 21 days after artificial insemination, ul-
trasonography can be used to examine it on
Day 30 of gestation [43]. If the animal is
confirmed pregnant on Day 30, it is benefi-
cial; however, if it is not pregnant, estrus
can be induced using either hormonal or
non-hormonal protocols based on the con-
dition of the ovaries and uterus. By imple-
menting the 30-day pregnancy diagnosis
approach, early identification of pregnancy
is possible, along with the detection of any
ovarian or uterine abnormalities. Addition-
ally, this method allows for the precise use
of fewer and more effective drugs for estrus
induction, ultimately lowering treatment
costs and reducing the time required for re-
breeding [44].

1.6.2. Detection of Pregnancy in
Goats and Sheep. Timely pregnancy de-
tection in animals improves the reproduc-
tive efficiency and boosts pregnancy rates
in small ruminants. By Day 25 post-breed-
ing, experienced practitioners can effec-
tively use ultrasound technology to detect
the embryonic vesicle, a viable embryo
with cardiac activity, distinct amniotic
structures, umbilical attachments, and a
functional corpus luteum. Furthermore, be-
ginning at Day 25 post-breeding, embry-
onic/fetal development can be evaluated
through biometric measurements of crown-
rump length (CRL) and transverse head di-
ameter (THD) [45] [30]. By Day 25, ultra-
sonographic examination also enables reli-
able identification of multiple pregnancies
through simultaneous evaluation of distinct
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embryonic vesicles and corresponding cor-
pora lutea bilaterally, which aids in manag-
ing pregnancy or delivery care. Beyond 50
days of pregnancy and into the later stages,
trans-abdominal scanning is advised for op-
timal outcomes, as it minimizes the risks to
pregnancy in small ruminants [11]. In the
mid to late stages of gestation, the entire fe-
tus cannot be fully visualized, making CRL
measurement challenging. Instead, fetal
age estimation is performed by evaluating
the bi-parietal diameter and placentomes.
For small ruminant herds with uncertain
breeding histories, trans-abdominal ultraso-
nography serves as the recommended initial
diagnostic approach. If no pregnancy-re-
lated structures are detected during this ini-
tial scan, transrectal scanning can then be
performed to further confirm the reproduc-
tive status of the animal [6].

1.6.3. Pregnancy Diagnosis in Eq-
uine. Ultrasound has emerged as the ‘gold
standard’ to assess a mare’s reproductive
health. The application of grayscale ultra-
sound imaging has contributed to under-
standing key physiological aspects of
mares, including their ovulation mecha-
nisms, corpus luteum formation and devel-
opment, follicular growth patterns, and em-
bryonic migration dynamics [45—49]. It has
been reported that Doppler ultrasonography
technology allows for the evaluation of
uterine and ovarian vascular dynamics in
mares, as well as cyclic and early gesta-
tional changes [49, 50].

Transrectal ultrasound is frequently
used to check for pregnancy in horses two
to three (2-3) weeks after ovulation and for
early embryo loss in horses five to six
weeks (5-6) after ovulation. Regular ultra-
sonographic examinations afterwards are
uncommon. Finding foals at higher risk of
perinatal illness may also be facilitated by
evaluating fetal development later in preg-
nancy [51]. In this regard, a low-frequency
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transducer (2-3.5 kHz) might be used to
evaluate the horse fetus transabdominally
during the latter two thirds of pregnancy
[52, 53]. Previous studies utilized the meas-
urements of fetal eye orbits, cranium, abdo-
men, thoracic width, intercostal spaces, and
aorta to provide insights into fetal develop-
ment in Thoroughbreds, Quarter Horses,
Standardbreds, and Shetland Ponies be-
tween 4 and 11 months of gestation [51, 52,
54]. The best method for imaging the horse
fetus in the early half of pregnancy is to use
a convex transducer via the transrectal
route. Furthermore, due to its structure, the
rectum makes it very easy to change angle
and gain cranial views; however, a linear
transducer is limited to ventral views [53].

1.6.4. Detection of Pregnancy in
Dogs and Cats. Uterine enlargement
serves as an indicator of pregnancy, marked
by the presence of a gestational sac. In
dogs, these sacs are first detectable around
day 20 post-breeding. For more accurate re-
sults, it is advisable to perform an ultraso-
nographic examination no earlier than Day
25 after the last breeding, as gestational
sacs with viable embryos can be accurately
detected by this stage. By Day 25 after
breeding, the embryo adopts a semi-circu-
lar shape, the gestational sac develops an
ampullary form, and the embryo’s heart-
beat becomes detectable. Starting from Day
28, the gestational sac begins to elongate.
Between Day 30 and 35, limb buds become
visible. Finally, by Day 35-37, fetuses show
notable movement with clearly detectable
cardiac activity [27]. The gestational sac
gradually becomes more elongated along
the longitudinal axis. The mid-gestation pe-
riod (Day 35-40) demonstrates sonographic
evidence of organogenesis, with distinct
visualization of the urinary and digestive
systems concurrent with appendicular skel-
etal development. At this point, the fetal sac
contains less fluid relative to the fetal mass,
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as compared to earlier stages. After 40
days, measuring the biparietal diameter
(BPD) becomes straightforward due to the
prominent ossification of bones. However,

determining the CRL becomes challenging
as the fetuses continue to grow. Addition-
ally, bony structures like the ribs, vertebrae,
and skull become clearly visible [55].

Table 2. Optimal Timing for Pregnancy Diagnosis Via Ultrasonography in Different Spe-

cies

Species (Di?sllgits]t?legt;cet(lj?gg) Preferred Method References

Cattle 23-30 days Transrectal [10, 31]

Buffaloes 25-30 days Transrectal [10, 31]

Goat/Sheep 20-25 days Transrectal [8; 11]
Horse 12-14 days Transrectal [9, 48, 54]

Dogs 20-25 days Transabdominal [27, 14]

Cats 15-20 days Transabdominal [27, 14]

1.7. Assessment of Fetal Count and Via-
bility

Real-time ultrasonography offers a dis-
tinct benefit as compared to other methods
by enabling the identification of multiple
fetuses [56]. Identifying the number of fe-
tuses would enable producers to categorize
animals carrying single, twin, or triplet
pregnancies for tailored management prac-
tices. Bovine twin pregnancies can be accu-
rately diagnosed via transrectal ultraso-
nographic evaluation during the day 40-55
gestational window, following artificial in-
semination [57]. Assessing fetal viability is
a significant benefit of ultrasound as com-
pared to other pregnancy diagnosis meth-
ods. During the examination, heart contrac-
tions can be observed between the ribs.

1.7.1. Ultrasonographic Identifica-
tion of Fetal Sex. Determining the sex of a
fetus holds significant importance in the an-
imal breeding sector. Fetal sex can be de-
termined by examining the location of the
genital tubercle [58]. It can alternatively be
determined through ultrasound identifica-
tion of developing scrotal structures in
males or mammary tissue in females [59].
The optimal time period for ultraso-
nographic sex determination is between

s2 ——|BSR

Day 55-60 of gestation and this method has
proven to be reliable even in farm settings
[60]. Successful sex identification has been
achieved in fetuses aged between 48-119
days [61]. The method is dependable, with
accuracy rates varying between 92% and
100% [60]. It has been reported that 84 out
of 85 fetuses predicted to be male were ac-
curately identified, achieving a 99% suc-
cess rate [61]. In dairy production systems,
implementing fetal sex determination be-
comes economically viable when incorpo-
rated into a comprehensive herd manage-
ment program that offsets the diagnostic
costs through improved breeding decisions
[5]. One example where this expense may
be justified is meeting sales contract re-
quirements regarding the sex of a calf car-
ried by a pregnant cow intended for sale.
However, it is important to note that accu-
rately identifying the genital tubercle, scro-
tum, or mammary glands through ultraso-
nography for sexing purposes requires sig-
nificant expertise.

1.7.2. Assessment of Fetal Age. Ultra-
sonographic fetometry is a valuable tool to
estimate fetal age, monitor fetal develop-
ment over time, and diagnose pregnancy
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disorders. Gestational age can be deter-
mined by measuring the biparietal diameter
of the skull and the length of long bones.
Additionally, growth curves of fetal struc-
tures derived from ultrasonographic fetom-
etry remain documented [62]. This method

has been demonstrated to accurately esti-
mate gestational age and predict calving
dates [63]. The study concluded that the
precision and reliability of calving date pre-
dictions are adequate to support the effec-
tive management of cows during late preg-
nancy and at the time of calving.
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Figure 1. Flow Diagram of Veterinary Reproductive Ultrasonography

1.8. Evaluating the Safety of Diagnostic
Ultrasound

In reproductive veterinary practice, ul-
trasound technology offers numerous diag-
nostic benefits for reproductive evaluation
and monitoring of animals. Scientific evi-
dence demonstrates that repeated ultra-
sound scanning procedures are biologically
safe, with no observed negative impacts
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[59]. This technique is considered safe for
animals, operators, and surrounding per-
sonnel, enabling its use in various settings
without requiring special safety precau-
tions. As a non-invasive procedure, ultra-
sound is well tolerated by animals, allowing
for repeated assessments. This makes it par-
ticularly useful to monitor disease progres-
sion, evaluate treatment responses, and re-
fine scanning techniques [29].
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Ultrasound is a form of non-ionizing
energy and is not associated with X-rays,
which can harm tissues due to their ionizing
effects on living cells. The pulsed ultra-
sound used in diagnostic imaging and Dop-
pler devices for fetal monitoring operates at
low intensity and does not generate signifi-
cant heat. However, certain Doppler de-
vices utilize higher intensities which can
lead to considerable heating, making them
unsuitable for fetal assessments. Another
biological effect of ultrasound is cavitation,
a complex phenomenon where gas-filled
bubbles enlarge within the ultrasound field.
At elevated intensities, these bubbles can
suddenly collapse, causing localized tem-
perature surges, thermal decomposition of
water, and the generation of free radicals.
This process is referred to as transient cav-
itation [64, 65]. Diagnostic ultrasound con-
trast agents have been created to improve
echogenicity [66]. However, the biological
effects of contrast-enhanced diagnostic ul-
trasound occur on a microscopic level and
their clinical significance requires further
research [64].

In comparison to other diagnostic tools
like X-rays, ultrasound is widely regarded
as very safe, with no harmful biological ef-
fects. However, the potential long-term bi-
ological impacts of ultrasound at diagnostic
levels remain uncertain and necessitate fur-
ther research.

2. CONCLUSION

To summarize, veterinary reproductive
ultrasonography has emerged as a trans-
formative tool, revolutionizing the diagno-
sis, monitoring, and management of repro-
ductive health in animals. Recent advances
in imaging technology, such as high-reso-
lution probes and Doppler imaging, have
significantly enhanced its precision and ap-
plication. Future prospects lie in integrating
artificial intelligence, portable devices, and

s« ——|BSR

advanced imaging modalities to further re-
fine its capabilities. Despite remarkable ad-
vancements in veterinary reproductive ul-
trasonography, several research gaps per-
sist, limiting its broader applicability and
clinical precision across species and repro-
ductive scenarios, such as doppler ultraso-
nography, 3D/4D ultrasound, and elas-
tography are all well-established in human
medicine but not widely adopted in veteri-
nary reproduction. Furthermore, Al-as-
sisted image analysis is still in early stages
and there is a need for large, annotated vet-
erinary ultrasound datasets to train AI mod-
els. Most studies focus on females, with
fewer focusing on testicular pathologies,
semen quality prediction, and breeding
soundness exams using ultrasound, aug-
menting the need for standardized scrotal
ultrasound protocols in different male spe-
cies. Reproductive ultrasonography in en-
dangered species is still experimental. This
technique would become more useful by
addressing these gaps. Continued research
and collaboration among veterinarians, re-
searchers, and industry stakeholders is es-
sential to unlock the full potential of this
technology, ensuring its widespread adop-
tion and contribution to animal health and
productivity.
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