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Abstract: The first visualizations of the structures of the sheep's reproductive system, whether of
the uterus or ovaries, were performed through exploratory laparotomies, laparoscopies or through
materials obtained in slaughterhouse, being possible to evaluate only what was happening at that
moment in the estrous cycle. With the emergence of ultrasound from the 90s, it became possible to
dynamically monitor what happened at each moment of the estrous cycle at different times of the
year, without having to slaughter the females. Because it is a non-invasive technique and the stress
caused by its use is very low, it is increasingly necessary to use ultrasound in sheep, either for preg-
nancy diagnosis or for multiplying herds using biotechnologies, which the ultrasound examination
becomes indispensable to obtain the best results. This review aims to describe the main advances in
the study of the estrous cycle of sheep with the help of ultrasonography and its influence on the
productive efficiency of the herd.
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1. Introduction

The reproductive management of sheep, with the use of the synchronization of the
sheep, is a widely used technique, having an important role in the increase of productivity
and in the technification of the herd. The synchronization of estrus has as main objectives
to concentrate the calving in desirable times. This technique has been improved through
studies of follicular dynamics, which after the advent of ultrasonography; it was possible
to obtain a better understanding of the physiological mechanisms of sheep reproduction.
Ovarian activity with the use of ultrasonography has been studied in several domestic
females. Works developed in the last decades in domestic species [1-3], have contributed
to a better understanding of several reproductive events.

Follicular dynamics in sheep started to be studied by ultrasonography from the 90's,
where it became possible to better understand the functioning of ovarian structures, in
each situation [4]. With ultrasound, it was possible to determine the number of waves and
the emergence moments of each wave, and ovulation at the end of the estrous cycle. Pre-
viously, these assessments were performed by laparoscopy or laparotomy, at specific mo-
ments [5].

In addition, other techniques can be associated to better understand what is observed
in ultrasound, such as the plasma hormonal concentration, which helps in understanding
the functionality of structures mapped by ultrasound [6,7]. Demonstrating whether an
ovarian cyst is functional or functional, whether the follicle is releasing estrogen or not,
or even the actual plasma hormonal concentration, after the application of some exoge-
nous hormone. This tool set has been used to better understand the events related to fol-
licular dynamics in sheep.
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2. Estrous cycle

The estrous cycle is a set of events that happen successively in a known period. In
sheep, on average, the interval between these cycles is 17 + 2 days, and they are divided
into two phases, the luteal phase, starting on day 2 (estrus = day 0) until the 13th day of
the cycle and in the follicular phase of 14th day until ovulation. The estrous cycles have
an average duration of 17 days, varying from 14 to 19, regardless of the animal's origin.
However, the duration of heat is variable between 24 to 36 hours in tropical breeds and
about 45 hours, varying from 12 to 72 hours, in temperate climate breeds

3. Endocrine regulation of the estrous cycle and follicular dynamics

Estrous cycles are associated with numerous changes in the neuroendocrine system
and depend on coordinated interactions between organs. The central nervous system, by
the action of the gonadotropin-releasing hormone (GnRH), stimulates the adenohypoph-
ysis to the synthesis and secretion of the luteinizing hormones (LH) and stimulating folli-
cle (FSH). These pituitary gonadotropins stimulate the ovaries to synthesize the hormones
progesterone and estrogen and together with them promote the development of ovarian
follicles and ovulation [8]. The follicular phase begins when the plasma progesterone con-
centration decreases below 1 ng/mL [9] as a result of the action of uterine prostaglandin
on the corpus luteum. In this way, the elevation of the plasma estrogen concentration oc-
curs, determinant in the appearance of sexual behavior and in the increase of the fre-
quency of the LH pulses. The secretion of LH, in turn, when estrus is started, increases
until reaching a pre-ovulatory discharge. The peak duration varies between 8 and 12
hours and ovulation occurs 24 hours after the LH peak [10].

After ovulation, the luteal phase of the estrous cycle begins. This phase corresponds
to 80% of the cycle and will end with the lysis of the corpus luteum by the release of uter-
ine prostaglandin (PGF2a). The corpus luteum present in this phase is responsible for the
release of progesterone; it is formed by the luteinization of the granulosa cells of the ovu-
latory follicle. The corpus luteum is made up of large cells, derived from granulosa, larger
progesterone producers and insensitive to LH pulses, and small cells, derived from teak,
little progesterone producing, but sensitive to LH [11]. With the development of the cor-
pus luteum, the plasma level of progesterone secreted by it increases [12] and reaches a
plateau on the eighth day of the cycle at a concentration of 3 - 4 ng/mL [8].

In the luteal phase, ovarian follicles emerge because the FSH concentration is increas-
ing. Progesterone in this period is elevated, thus decreasing the frequency of release of LH
pulses, the larger follicles that depend on this hormone regress and a new follicular emer-
gence begins. This pattern of follicular growth and regression is known as follicular waves,
observed both in the reproductive season [3,13] and in the seasonal anestrus [1,14]. Follic-
ular growth patterns emerge at intervals of 4 to 6 days, with three more follicular waves
per cycle [12,15].

4. Ultrasonography in sheep: Practical applications

The first studies to understand what happened during the estrous cycle of sheep
were carried out by exploratory laparotomies, laparoscopies or through materials ob-
tained in refrigerators [16-18]. Although some information acquired by these means is
contradictory, the first statements about the follicular development of sheep following a
wave growth pattern was made in 1973 [18]. The confirmation of this observation would
happen later, in the 90's with the incorporation of transrectal ultrasound [2,19,20] promot-
ing great advances in the knowledge of the reproductive physiology of this species.
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Transrectal ultrasound is a non-invasive technique that has been used for the fre-
quent monitoring of morphological changes in the reproductive organs of conscious ani-
mals, in season and with minimal stress. The use of ultrasound allowed us to better un-
derstand the endocrine control of antral follicles in development throughout the estrous
cycle, as well as the ovarian effects of various exocrine hormonal treatments in sheep [21].
The ultrasound image is formed by the reflection and dispersion of high frequency ultra-
sound pulses through acoustic tissue interfaces. Different tissue densities cause different
reflections; wide, smooth interfaces are generally brighter than smaller interfaces [22]. Vi-
fioles et al. [23] concluded that transrectal ultrasound is an accurate method for estimating
the size and number of luteal bodies and ovarian follicles in sheep.

Invariably at some point in monitoring follicle population dynamics, there may be
difficulty in visualizing the ovaries or they appear to be inverted. To get around this, some
procedures can improve the position of the ovary. Karen et al. [24] describes that raising
the sheep's belly as if it were a hug, or that the use of a trunk with a platform, where the
sheep is positioned on a platform in an attempt to move the uterus back and allow ovarian
visualization, and that still the trotting of these sheep, in order to move the intestinal loops
in front of the ovaries, can be quite effective alternatives for the best location and visuali-
zation of the ovaries.

In addition, the use of ultrasound in superovulation programs becomes increasingly
important, since varied results are found. It is believed that this amplitude in the results
of superovulation occurs when basically taking into account the estrous cycle as a starting
point [25]. It is necessary to obtain solid knowledge about the biological phenomenon of
follicular dynamics [13], highlighting the moments of emergence of follicular waves,
which can be directly assessed with the use of ultrasound.

5. Ovarian ultrasound assessment methods

For the actual monitoring of follicular dynamics, ultrasound observations should be
performed from the beginning of the estrous cycle until the end of it. The visualization
occurs between one and two times a day from the moment of estrus and when approach-
ing ovulation, the interval of observations is shortened to 8 hours, allowing the evaluation
of ovulatory moments. Ovulation is defined by the absence of the dominant follicle, which
was detected in previous ultrasound exams [22].

For better observation of ovarian structures, females are handled in a quadrupedal
position, with the abdominal wall compressed, to facilitate the visualization of the uterus
and ovaries. The ultrasound equipment is used in real-time B-mode, using a linear rectal
transducer with frequencies ranging from 6 to 8 MHz, coupled to a slightly curved plastic
tube (length 30 cm) to allow its handling externally. Firstly, it is necessary to remove the
feces from the rectum and then deposit the gel inside the vaginal canal and on the trans-
ducer, for better observation of the structures. To help locate the ovaries, some maneuvers
are necessary. When the urinary bladder is passed, the uterine horns are located on its
side, so the transducer must be rotated left and right in order to observe the ovaries and
their structures, and that each evaluation must be performed on a card exclusive to each
female to ensure consistent results in ultrasound assessments of follicular dynamics.

6. Conclusion

Ultrasound is a widely used non-invasive technique in sheep that brings extremely
reliable results. The use of this technique allows a better understanding of the functioning
of the estrous cycle by correctly identifying the number of waves of each animal, the mo-
ment of ovulation, and differences between the cyclicity, transition and anestrous periods.
However, for use in follicular dynamics, the veterinary professional must be well trained
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to obtain real results regarding the position of the same follicle in different observations
during the estrous cycle.

Difficulties was encountered in the location and visualization of the ovaries, which
can be overcome with some management maneuvers. The ultrasound technique must be
widely used, since it is possible to obtain several responses on follicular dynamics in sheep
without causing damage to them.
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