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ABSTRACT 
 
The B-mode and color Doppler ultrasonography provide a safe, non-invasive, real-time approach 
to assess reproductive tissues and organs in female cattle, and thus have a number of potential 
uses in reproductive management. On the ovary, antral follicle population can be counted, and 
follicular growth, regression and ovulation can be monitored during sequential exams. The corpus 
luteum can be identified, and evaluated according to size, echotexture, and vascularization. 
Ultrasonography allows an early diagnosis of pregnancy based in the detection of the embryonic 
vesicle from day 24 of gestation. Alternatively, non-pregnancy can be indirectly inferred 
according to corpus luteum vascularization 20 days after insemination. Embryo and fetus 
morphology and vital signs can monitored throughout gestation, and fetal sex can be determined 
by the visualization of the relative position of the genital tubercle. In addition, a range of 
pathologic conditions of the ovary and uterus can be diagnosed based on sonographic images. 
The use of ultrasonography was also key for the development of many assisted reproductive 
technologies, such as timed artificial insemination, modern superovulation protocols, procedures 
for the recovery of cumulus-oocyte complexes aiming in vitro embryo production, and is a valuable 
tool for the selection and management of embryo recipients. In the future, emerging technologies 
such as computer-assisted image analysis, 3D ultrasonography, and 3D modeling have the 
potential to improve the accuracy of sonographic diagnosis, or even create new potential uses for 
ultrasonography in animal reproduction. 
 
Keywords: 3D ultrasound, bovine, color Doppler, pregnancy diagnosis, reproductive 
biotechnologies 
 
 
RESUMEN 

 
La ecografía de modo B y dopler color proporciona un enfoque seguro, no invasivo y en tiempo 
real para evaluar tejidos y órganos reproductivos en vacas, por lo tanto, tiene una serie de usos 
potenciales en el manejo reproductivo. En el ovario, se puede realizar el conteo de la población 
de folículos antrales, y realizar el seguimiento del crecimiento folicular, la regresión y la ovulación 
durante monitoreo secuencial. El cuerpo lúteo puede ser identificado y evaluarse según el tamaño, 
ecotextura y vascularización. La ecografía permite un diagnóstico precoz de la preñez basado 
en la detección de la vesícula embrionaria desde el día 24 de la gestación. Alternativamente, la 
ño preñez puede inferirse indirectamente de acuerdo con la vascularización del cuerpo lúteo a 
los 20 días después de la inseminación. La morfología y los signos vitales del embrión y del feto 
pueden monitorearse durante toda la gestación, y el sexo del feto puede determinarse mediante 
la visualización de la posición relativa del tubérculo genital. Además, se puede diagnosticar una 
variedad de condiciones patológicas del ovario y el útero según las imágenes ecográficas. El uso 
de ultrasonografía también fue clave para el desarrollo de muchas tecnologías de reproducción 
asistida, como la inseminación artificial a tiempo fijo, los protocolos modernos de superovulación, 
procedimientos para la recuperación de complejos-ovocito-cumulus que apuntan a la producción 
de embriones in vitro, y es una herramienta valiosa para la selección y manejo de las receptoras 
de embriones. En el futuro, las tecnologías emergentes como el análisis de imágenes asistidas por 
computadora, la ecografía 3D y el modelado 3D tienen el potencial de mejorar la precisión del 
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diagnóstico ecográfico o incluso crear nuevos usos potenciales para la ecografía en la 
reproducción animal. 
 
Palabras clave: Ultrasonografía 3D, bovino, Doppler color, Diagnóstico de preñez, biotecnología 
reproductiva. 
 

 

 

INTRODUCTION 
 
The use of B-mode ultrasonography was a major advance in 
large animal theriogenology. Ultrasonography provided 
valuable information for the study of reproductive physiology 
and pathological conditions, and is therefore considered one of 
the most important background for the scientific advances that 
occurred in the field of animal reproduction in the past few 
decades (Ginther, 2014). Moreover, the development of 
portable and less expensive devices gave support to a 
widespread adoption of ultrasonography by veterinarians, 
which currently use imaging diagnostic routinely in cattle 
reproductive management. The ultrasound exam provides a 
safe, non-invasive, real-time approach to assess reproductive 
tissues and organs, allowing fast diagnoses and decision 
making, with a number of potential uses in field service.  
 
As the development of ultrasonography progresses, 
improvements in the technology results in the expansion of new 
potential uses for this tool. The introduction of high-resolution 
ultrasonography associated with computer-assisted image 
analysis, for example, has dramatically increased image 
quality and accuracy of the diagnosis. Conversely, color 
Doppler ultrasound provides information about the functional 
status of organs and tissues and, thus, allows inferences that 
were not possible using a conventional gray-scale B-mode 
ultrasound. More recently, progress in 3D ultrasonography 
offered the possibility of a direct quantification of the volume 
of a given tissue and the analysis of organ architecture, similar 
to what is currently done by computed tomography (CT) and 
magnetic resonance imaging (MRI).  
 
In this review, we present an overview of the current status, 
emerging technologies and future perspectives for the use of 
ultrasonography in bovine reproductive management, 
associated or not with reproductive biotechnologies, focused in 
females. 
 
 
B-mode and color Doppler ultrasonography in reproductive 
management 
 
In cattle, the possibility of approaching the female genital tract 
throughout the estrous cycle and early pregnancy by rectal 
palpation permits the use of high frequency ultrasound 
transducers (5.0 to 8.0 MHz) so that detailed images can be 
obtained by scanning ovaries, uterus, fetus, and placenta. On 
the ovary, antral follicular growth, regression and ovulation can 
be monitored in a real-time fashion during sequential exams. In 
the early years of ultrasonography, the resolution of the 
available equipment allowed the detection of follicles ≥4 to 5 
mm (Pierson and Ginther, 1984a), but currently the 
technological advances reduced this limit of detection to 
approximately 1 mm in diameter (Jaiswal et al., 2004), using 
transducer of the same frequency (7.5 MHz).  
 
Sonographic monitoring follicles resulted in the comprehensive 
characterization of follicular dynamics in different species 
(Ginther et al., 2001a). In cattle, usually two or three waves of 
follicle growth occur during an estrous cycle (Sirois and Fortune, 
1988). Each follicular wave is characterized by the emergence 

of a cohort of small follicles, from which one will undergo a 
process of selection (referred to as deviation) and become 
dominant, suppressing further growth of subordinated follicles 
within a wave. A dominant follicle will develop and may 
ovulate under if progesterone (P4) concentrations are low and 
a preovulatory LH surge occurs. Conversely, in conditions of 
high P4 concentrations such as mid-cycle (diestrus) or 
pregnancy, the dominant follicle will undergo atresia followed 
by the emergence of a new follicular wave (Ginther, 2016). 
Due to the dynamics of follicular waves during an estrous cycle, 
or in the prepubertal period, or early pregnancy, it is not 
possible to characterize the functional status (i.e., growth or 
atresia) of a given follicle based on a single ultrasound exam. 
Nevertheless, studies on the patterns of follicular dynamics for 
each breed of cattle have determined the average follicular 
diameter associated to deviation, acquisition of ovulatory 
capacity, and ovulation (Ginther et al., 2001b; Sartori et al., 
2001; Sartori and Barros 2011). In addition, cystic ovarian 
disease may also be diagnosed based on the size of a 
dominant follicle (Hamilton et al., 1995; Peter, 2004). All these 
reference values aid in the interpretation of sonographic 
findings in gynecological exams of cows and heifers during the 
reproductive management routine.  
 
Another important application of ultrasound scanning is the 
quantitative assessment of the ovarian reserve, i.e., follicular 
population can be counted or estimated based on real-time 
imaging. The number of follicles present on the ovaries in a 
given moment is affected by the stage of follicular growth 
dynamics and fluctuates as a follicular wave emerges or a 
dominant follicle is selected (Pierson and Ginther 1984a). 
Although oscillations in antral follicle count (AFC) are expected, 
there is a moderate to high repeatability of AFC within 
individuals between waves and estrous cycles (Singh et al., 
2004; Morotti et al., 2017). Follicle population is negatively 
affected by undernutrition, including during fetal life (Evans et 
al., 2012) when primordial germ cells are forming the ovarian 
reserve. There is evidence that Bos taurus cows with low AFC 
have decreased pregnancy rates after artificial insemination 
(Mossa et al., 2012), but similar results were not observed in 
Bos indicus (Santos et al., 2016). 
 
Within an ovarian follicle, a complex vascular network 
develops surrounding the theca layer (Jiang et al., 2003). Most 
of these vessels are capillary or small diameter veins and so 
can hardly be detected in small follicles using standard color 
Doppler flow imaging. As follicles grow, color Doppler signals 
become more evident and detectable; leading to the 
observation that vascularization in preovulatory follicles was 
associated with subsequent fertility (Siddiqui et al., 2009a). 
Positive Doppler signal, i.e., the presence of blood flow, can 
also be used as a selection criterion to decide whether to 
inseminate a female, since follicles without signal are probably 
undergoing atresia (Acosta et al., 2005) and would therefore 
be less fertile. In most cases, however, preovulatory follicles will 
present some degree of vascularization (Ghetti et al., 2012) 
and the possibility of using these differences to predict fertility 
is still controversial. 
 
Ovarian ultrasonography allows the visualization of luteal 
tissue and, thus, development and regression of the corpus 
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luteum (CL) can be monitored throughout its lifespan (Pierson 
and Ginther, 1984a). The presence of a CL is key to 
characterize cyclic ovarian activity and is crucial for pregnancy 
establishment and maintenance in cattle; therefore, a correct 
identification of the CL is critical in reproductive management. 
Ultrasonography has a higher sensitivity and specificity in CL 
detection if compared with rectal palpation (Sprecher et al., 
1989). Moreover, because the CL is a highly vascularized 
gland, color Doppler ultrasonography can add valuable 
information about CL functional status (Matsui and Miyamoto, 
2009). There is an association between CL size, vascularization, 
and P4 throughout the estrous cycle (Herzog et al., 2010). 
However, during spontaneous or PGF2a-induced luteolysis, loss 
of function (drop in P4 production) precedes morphological 
regression (Viana et al., 1999; Siqueira et al., 2009) and this 
temporal difference may hamper conclusions of CL sonographic 
exams close to the end of the estrous cycle. 
 
The uterus has an intermediary echogenicity, but can still be 
discriminated from surrounding tissues in the sonographic image 
because of the acoustic interface (Pierson and Ginther, 1987). 
In cattle, uterine ligaments permit some mobility of the uterine 
horns, which can appear during ultrasound imaging either as 
longitudinal or transversal cross-sections. In the non-pregnant 
uterus, uterine lumen is visualized as a hyperechoic thin line and 
endometrium thickness varies according to P4 and estradiol 
stimuli during different phases of the cycle (Souza et al., 2011). 
In pregnant cattle, ultrasound pregnancy diagnostic is only 
possible after the phase of embryo elongation (days 19 to 20), 
after the embryonic vesicle progressively increases in volume 
(Pierson and Ginther, 1984b). For the best accuracy and 
reliability, however, the exam should be performed after day 
24 of gestation (Pieterse et al., 1990).  
 
Nevertheless, pregnancy diagnosis can be performed much 
earlier by ultrasonography than by rectal palpation and with 
a higher accuracy (Pierson and Ginther, 1984b). If non-
pregnant cattle are identified early after mating, insemination, 
or embryo transfer, re-synchronization or breeding re-
scheduling occurs earlier, which ultimately reduces inter-
insemination intervals and, subsequently, the average calving 
interval of the herd. In this regard, color Doppler 
ultrasonography can be used for the early detection of non-
pregnant cattle, based on the evaluation of CL blood flow as 
early as Day 20 of the cycle (Siqueira et al., 2013). Because 
a functional CL is mandatory for pregnancy establishment, the 
lack of proper blood flow within the CL on day 20 after 
breeding/AI suggest functional luteolysis and indicates non-
pregnancy status (Matsui and Miyamoto, 2009). This approach 
has a moderate positive predictive value, due to 
synchronization failures or possible early embryonic losses 
after maternal recognition of pregnancy (after Day 20), but 
has an extremely high negative predictive value, i.e., is very 
accurate to detect animals that did not became pregnant after 
breeding/AI (Siqueira et al., 2013). Thus, this is a valuable tool 
to improve reproductive performance, particularly when 
overall pregnancy rate is low, as commonly observed in high-
producing dairy herds.  
 
During ultrasound scanning of the pregnant uterus, embryo 
length and development can be evaluated and vital signs such 
as heartbeat can be clearly identified after Day 25 of 
gestation (Curran et al., 1986; Breukelman et al., 2004). By 
Doppler ultrasonography, blood flow can be detected in the 
placentomes, umbilical cord, and within fetal main vessels and 
heart (Herzog and Bollwein, 2007). The Doppler spectral mode 
is also used to calculate circulatory parameters such as heart 
rate, blood flow velocity, pulsatility and resistance indexes (PI 
and RI, respectively) in different fetal blood vessels. Blood flow 

in the uterus increases as pregnancy progresses (Herzog et al., 
2011a) and is moderately correlated to fetal size and birth 
weight (Herzog et al., 2011b).  
 
During a normal gestation, fetal sex can be determined using 
B-mode ultrasonography by visualization of the genital 
tubercle (GT) and its position on the fetal body (Curran and 
Ginther 1991). At early gestation (from days ~40 to ~55), GT 
is observed between the hind limbs. From Day 55 onwards, GT 
gradually moves towards the insertion of the umbilicus cord in 
males or towards the tail in females. These distinct positions 
may be detected after day 55 of pregnancy in cattle and 
allow sex diagnosis with high accuracy.  
 
Finally, a wide range of pregnancy abnormalities can be 
detected by ultrasonography, including fetal malformations, 
underdevelopment, abnormal placentation, and early 
embryonic death. Embryo loss is visualized by distinct 
characteristics of sonographic features such as lack of embryo 
heartbeat, embryo disintegration, fragmentation of the 
amniotic vesicle, and reduction of uterine fluid content. The 
outcome of fetal death in late pregnancy may be fetal 
mummification or maceration and, in these cases, hyperechoic 
bone structures will be clearly visible on the sonographic image. 
Sonographic diagnosis of uterine infections relies on the 
visualization of accumulated hypoechoic contents within the 
uterine lumen (Meira et al., 2012). The echogenic appearance 
of such contents will vary according to the infection severity and 
amount of cell debris and pus in the uterine mucus.  
 
 
Ultrasonography and the development of assisted 
reproductive biotechnologies 
 
The use of ultrasonography has boosted the remarkable 
development of assisted reproductive technologies (ARTs) 
observed in the past three decades. The characterization of 
ovarian follicular and luteal dynamics throughout the estrous 
cycle was the basis for the subsequent development of 
numerous protocols to control ovarian function for the 
application of ARTs (Adams et al., 2008). Ultrasonography 
allowed sequential, daily (or even hourly) evaluation of size, 
shape, echotexture, and vascularization of follicles and corpora 
lutea, both under physiological circumstances and/or after 
treatment with different exogenous hormones (P4, FSH, LH, 
eCG, etc) and, therefore, gave support to the development of 
novel protocols for artificial insemination (AI) and embryo 
production.  
 
Additionally, ultrasonography has currently multiple uses to 
support ARTs, from the selection of animals suitable to be used 
as donors or recipients to the continuous evaluation of 
pregnancy outcome. In Brazil, for example, the use of AI in 
cattle had a two-fold increase in the past 20 years and a 
significant part of this transformation is credited to the use of 
timed artificial insemination (TAI), which currently represents 
more than 70% of all inseminations (Sartori et al., 2016). Along 
with the increase in the use of AI, the emergence of companies 
in the field of in vitro embryo production (IVEP) in 1998, led to 
an exponential increase in the number of embryo production 
(Viana et al., 2017). It is noteworthy that the vast majority of 
embryos transferred are produced using immature cumulus-
oocyte complexes recovered by transvaginal ultrasound-
guided follicle aspiration (also known as ovum pick-up, OPU). 
 
Protocols for TAI were developed to overcome two of the main 
limitations for a widespread use of AI in cattle: 1) the low 
efficiency of visual estrus detection and 2) the increasing costs 
and reduced availability of workforce in countryside areas 
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(Senger, 1994). There is a range of TAI protocols that differ in 
duration, type and dose of hormones, but they all have the 
same goal: to ensure that a fully-grown, functional dominant 
follicle is present and able to ovulate a viable oocyte within a 
given time-frame (Wiltbank and Pursley, 2014). To achieve this 
goal, protocols were designed to synchronize follicular wave 
emergence (Sá Filho et al., 2011), stimulate follicle growth 
(Sales et al., 2016), and induce ovulation (Ferreira et al., 
2015). All TAI steps are possible because of previous studies 
on follicular dynamics using ultrasonography (Adams et al., 
2008; Ginther et al., 2014). Moreover, ultrasound imaging of 
the ovaries has been used also to evaluate the efficacy of TAI 
protocols and predict subsequent pregnancy rates (Sá Filho et 
al., 2010). Alternatively, sonographic evaluation of follicle 
development at the end of the hormonal protocol can be used 
to categorize animals according to follicle size and perform TAI 
in blocks, at different timepoints, which has been demonstrated 
to improve pregnancy rates (Pfeifer et al., 2015).  
 
Superovulation (SOV) protocols used to produce in vivo 
embryos were developed empirically, before the use of 
ultrasonography to study bovine ovarian physiology. 
Nonetheless, the evolving knowledge about follicular dynamics 
fulfilled important gaps in the understanding of the SOV 
process, e.g., determining the reason for better results when 
protocols started around mid-cycle (turnover of follicular 
waves, Knopf et al., 1989) or why treatments should last about 
four days (growth rate of the dominant follicle, Ginther et al., 
2001b; García Guerra et al., 2015). Moreover, this 
knowledge was fundamental for the development of modern 
SOV protocols, which include synchronization of follicular wave 
emergence by the removal of the dominant follicle, exogenous 
control of circulating P4, and ovulation induction (Martins et al., 
2012; Bo and Mapletoft, 2014). Ultrasound imaging is also a 
useful tool to select potential embryo donors based on follicle 
population (Singh et al., 2004), as well as to identify donors 
likely to be non-responsive to conventional FSH treatments, and 
to evaluate overall ovarian SOV response, particularly in those 
animals with a high number of corpora lutea in each ovary 
(Minare et al., 2013). 
 
The perspective of a clinical use of in vitro fertilization emerged 
mainly after the birth of Louise Brown in 1978 (Steptoe and 
Edwards, 1978). At that time, oocyte recovery used to be 
performed by laparoscopy, an invasive method that might 
cause sequels and is of limited use, particularly in farm animals. 
In both human medicine and animal practice, OPU procedures 
were vastly adopted later (Feichtinger and Kemeter, 1986; 
Pieterse et al., 1988) and became the technique of choice for 
the recovery of cumulus-oocyte complexes for IVEP. Currently, 
OPU is part of more than 94% of all transfers of embryos 
produced in vitro (Perry 2016).  
 
As ultrasonography is currently a key step in the commercial 
IVEP workflow, characteristics of the equipment such as image 
quality and probe design are of great importance (Hashimoto 
et al., 1999; Bols et al., 2004). Similarly, to what occurs in the 
production of embryo in vivo (by SOV), potential oocyte donors 
can be selected based on the ovarian antral follicle count (Boni 
et al., 1997). Different studies demonstrated that donors with 
greater COC yield are those that produces more embryos and, 
consequently, a greater number of pregnancies (Pontes et al., 
2010; Monteiro et al., 2017). Interestingly, pregnancy rate 
does not seem to be affected by ovarian follicle population 
(Feres et al., 2016).  
 
To increase the number and quality of follicles at the time of 
OPU in Bos taurus breeds and thus improve IVEP results, 
hormonal protocols were developed to synchronize follicular 

wave emergence (Ramos et al., 2010) and stimulate follicle 
growth (de Roover et al., 2008; Sendag et al., 2008). Another 
potential use of ultrasonography in IVEP programs is the 
evaluation of follicular blood flow. In humans, vascularization 
has been used to predict follicle status and oocyte quality in 
patients undergoing ART cycles (Sutton et al., 2003; Lozano et 
al., 2007). The same approach could be used in bovine oocyte 
donors (Siddiqui et al., 2009b). In fact, some studies have 
highlighted the importance of vascularization upon follicle 
viability, growth, ability to become dominant, and ovulate 
(Acosta et al., 2003; 2005; Pancarci et al., 2012). In 
commercial embryo production laboratories, however, oocytes 
are usually not tracked individually during the entire process 
and, therefore, embryos cannot be linked to the status of the 
follicle of origin. 
 
In embryo transfer programs, either for embryos produced in 
vivo or in vitro, synchronized recipients are routinely selected 
based on the presence and quality of the CL on days 7 or 8 
after estrus (natural or induced). Because there is a positive 
relationship between luteal tissue volume and P4 production 
(Stormshak et al., 1963; apud Wiltbank, 1994), the evaluation 
of CL size could potentially give a clue about plasma P4 
concentrations and, indirectly, the likelihood of pregnancy 
(Siqueira et al., 2009). In this regard, morphological evaluation 
of CL by ultrasonography represents a significant progress, in 
comparison to rectal palpation, with gains both in objectivity 
and accuracy (Sprecher et al., 1989).  
 
More recently, the use of color Doppler imaging allowed 
functional evaluation of the CL, based on the differences in 
blood flow. Size of the CL, vascularization, and P4 secretion 
are positively correlated throughout the estrous cycle (Herzog 
et al., 2010) and, therefore, color Doppler could provide an 
additional criterion to select embryo recipients. So far, the 
predictive value of color Doppler ultrasound for the selection 
of eligible embryo recipients is still controversial (Lüttgenau et 
al., 2011; Guimarães et al., 2015). This apparent contradiction 
is probably caused by the complex interplay among CL 
function, P4 metabolism, endometrial timing, embryo stage, and 
development potential (Lonergan, 2011). Nevertheless, there is 
a consensus that CL function affects the likelihood of pregnancy 
and CL morphological characteristics are still the main criteria 
for embryo recipient selection. In this regard, the use of 
ultrasonography in embryo transfer programs definitely 
increases the accuracy in the measurement of CL size (Siqueira 
et al., 2009) and is indispensable to evaluate additional 
parameters such as echotexture and vascularization of the CL, 
as well as to measure endometrial thickness.  
 
 
Emerging technologies: computer-assisted image analysis 
and 3D ultrasonography 
 
Ultrasonographic images are composed of thousands of picture 
elements, called pixels, which represents in a scale of 256 
shades of gray (0 = black; 255 = white) the intensity of the 
echo (i.e., echogenicity) generated in one specific area of the 
tissue by reflection of the ultrasound waves (Pierson and 
Adams, 1995; Singh et al., 1997, 1998; Tom et al., 1998). 
Thus, the sonographic image reflects variations in tissue density. 
The human eye, however, is not able to differentiate so many 
shades of gray and, consequently, part of this information is 
lost during visual evaluation of ultrasound images. Moreover, 
individual differences in visual perception of pixel brightness 
may result in inconsistency during exams. To overcome this 
limitation, computer algorithms can be used to transform images 
in a numeric matrix, which can be subsequently analyzed for 
mean pixel value and pixel heterogeneity (Singh et al., 1998, 
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2003). Thus, this computer-assisted image analysis allows 
quantitative and objective assessment of sonographic image 
attributes, overcoming the subjectivity and low sensibility of 
visual analysis.  
 
In animal reproduction, computer-assisted image analysis has 
been used for the evaluation of CL, follicle, and uterine 
echotexture (Singh et al., 2003; Siqueira et al., 2009; Scully et 
al., 2015). Studies show that CL echotexture, for example, is 
associated with luteal tissue area (Singh et al., 1997), and 
reflect luteal function throughout the estrous cycle (Singh et al., 
1997; Tom et al., 1998; Siqueira et al., 2009). In the past few 
decades, there was a significant advance in hardware and 
software capacity for data processing, analysis, and 
interpretation. Therefore, the perspective for the future is an 
increasing integration between ultrasonographic exams and 
image technologies. The outcome of image analysis, however, 
depend upon image quality (resolution and lack of artifacts). In 
this regard, further development of ultrasound technology may 
reduce inconsistencies currently observed among studies and 
allow the use of echotexture, for example, as a criterion to 
select embryo recipients with better CL quality.  
 
Computer-assisted analysis is also a requirement for the 
objective measurement of color Doppler signal area or volume. 
Different software can be used for that, including open-source 
(Image-J, Acosta et al., 2003) and commercial versions of 
general purpose (FixFoto, Lüttgenau et al., 2011; Mimics, 
Arashiro et al., 2013) or custom-developed image analysis 
software (PixelFlux, Herzog et al., 2010).  
 
Three-dimensional (3D) ultrasonography is a technological 
evolution with potential applications in animal reproduction. 
Ultrasound consoles equipped with the 3D imaging function 
have built-in software that reconstruct the 3D architecture of 
examined organs and tissues and display a real-time 3D image 
(although data processing may require a small-time lapse 
between acquisition and 3D reconstruct). Alternatively, 3D 
modeling algorithms can be used to reconstruct 3D structures 
from a set of frames obtained during B-mode ultrasound 
scanning of an organ (Arashiro et al., 2013). The 3D modeling 
approach requires post-acquisition image processing and 
therefore is time-consuming, but on the other hand offers the 
possibility of manually differentiate layers within a tissue and, 
thus, does not depend on clear differences in echogenicity (as 
occurs, for example, between the fetus and the surrounding 
amniotic fluid) to create the 3D model. 
In humans, 3D images are used for instance to identify fetal 
malformations that are better visualized in a geometrical 
surface, rather than in a slice, as for cleft lip (Tonni et al., 2016). 
In animal sciences, 3D ultrasonography has been used to create 
3D models of fetus in domestic (Hildebrandt et al., 2009) and 
wild species (Drews et al., 2008), aiming to improve fetus 
biometry and study fetal pose and behavior within the uterus. 
Another possible use of 3D images is to calculate the volume of 
a given structure (Scully et al., 2014), which is particularly 
useful when the object under study has an irregular shape that 
is poorly explained by uni- or bi-dimensional measures (i.e., 
diameter, area, etc.). For that, 3D modeling is an alternative to 
objectively measure vascularization of follicles and corpora 
lutea. Due to the unevenly distribution of vessels surrounding 
these structures, assessment of vascularization based on the 
area of color Doppler signals in a single image is obviously 
prone to bias (Arashiro et al., 2013). The 3D reconstruction of 
the vascular architecture allows the calculation of the volume of 
vascularization and its association to follicle growth (Arashiro 
et al., 2013), as well as the construction of virtual and physical 
3D models for study (Viana et al., 2013).  
 

Recently, studies of ovarian physiology demonstrated that the 
spatial relationship between follicles and corpora lutea within 
the ovary affect follicle size and growth rate, as well as CL 
vascularization and lifespan, probably due to angiocoupling 
between adjacent structures (Ginther et al., 2016). These 
evidences highlight the importance of ovarian architecture, a 
factor that has been neglected in most studies of follicular 
dynamics and luteal function, and that will require further use 
of 3D ultrasound to be completely understood.  
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