
University of Veterinary Medicine Hannover 

 
 
 
 
 

Transabdominal ultrasonography during advanced 
gestation in horses to perform fetal gender 
determination with special consideration of 

practicability and repeatability of the examination 
technique 

 

 
 
 
 
 

INAUGURAL -DISSERTATION 
in partial fulfillment of the requirements for the degree 

Doctor of Veterinary Medicine 
-Doctor medicinae veterinariae- 

(Dr. med. vet.) 
 
 
 

Submitted by 
Anna Tönissen 

Bremerhaven 
 

 
 

Hannover 2016 



 

 
 
 
Academic supervision:      Prof. Dr. Harald Sieme 
                                             Clinic for Horses 
                                             Unit for Reproductive Medicine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Referee:                                                       Prof. Dr. Harald Sieme 
 
2. Referee: Priv.-Doz. Dr. Kathrin Herzog 
 
 
 
 
 
 
 
 
 
Day of the oral examination    20.05.2016 



 
 
 
 
 
 
 
 

To my parents 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 
 
 
 
 
 

 
 
 
 
 



 

Parts of this thesis have been published in the following journals: 
 

Tönissen A., Martinsson G., Otzen H., Schürmann K., Schütze S., Ertmer F., 
Kassens A., Sielhorst J., Brehm R., Sieme H. (2015) 
To perform fetal gender determination in the mare by ultrasound during 
early and advanced gestation. 
Pferdeheilkunde 31, 153-158 
 
Tönissen A., Martinsson G., Pricking S., Otzen H., Ertmer F., Rau J., Sielhorst J., 
Rohn K., Sieme H. (2016) 
Transabdominal ultrasonographic determination of fetal gender in the horse 
during mid-gestation – a comparative study using randomized video images 
to investigate variation in diagnostic performance among raters, and the 
effect of month of gestation. 
Pferdeheilkunde 32, 29-35 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

  



 

Contents 
 

1. Introduction          1 

2. Literature survey 3  

3. Chapter I:           15  

TO PERFORM FETAL GENDER DETERMINATION IN THE MARE BY 
ULTRASOUND DURING EARLY AND ADVANCED GESTATION. 

 
3.1 Summary          16 

3.2 Geschlechtsbestimmung am Pferdefetus in der frühen und fortgeschrittenen 

Trächtigkeit         18 

3.3 Introduction         20 

3.4 Method to perform gender determination during early gestation  22 

3.5 Method to perform gender determination during advanced gestation 24 

3.6 Figures          29 

3.7 References         32  

4. Chapter II:           34 

TRANSABDOMINAL ULTRASONOGRAPHIC DETERMINATION OF FETAL 
GENDER IN THE HORSE DURING MID-GESTATION – A COMPARATIVE 
STUDY USING RANDOMIZED VIDEOIMAGES TO INVESTIGATE 
VARIATION IN DIAGNOSTIC PERFORMANCE AMONG RATERS, AND 
THE EFFECT OF MONTH OF GESTATION 

4.1 Summary          35 

4.2 Introduction         37 

4.3 Material and methods        39 

4.4 Results          42 

4.5 Discussion         44 

4.6 Conclusions         46 

4.7 Tables          47 

4.8 References         51 

4.9 Erweiterte Zusammenfassung       53 

 



 

5. Comprehensive Discussion        55 

6. Summary           59 

7. Zusammenfassung          61 

8. References          64 

9. Index of Figures          68 

10. Danksagung          70 

 



Abbreviations 

Abbreviations 

 

B-mode  Brightness Mode 

ca.  circa 

CL  Corpus Luteum  

cm  Centimeter 

CTUP  Combined Thickness of Uterus and Placenta 

D  Day of gestation 

et al.  et alii (and others) 

fig.  Figure 

g  Gram 

MHz  Megahertz 

min.  Minute 

n  Number 

PCR  Polymerase Chain Reaction 

s.a. see above 

 

 

 

 

 

 



Abbreviations 

 



Introduction 

1 

1. Introduction 

 

Breeding horses is always connected with economic considerations. Selling horses, 

especially broodmares is challenging. Knowing the sex of the offspring in advance 

makes sales more attractive for potential customers. 

To make sure mares are still pregnant and in order to pay the final stud fees breeders 

tend to establish a late gestation check up by veterinarians in fall. Most gestations are 

advanced more than 90 days at that time, which enables transabdominal examination. 

After 80 days the uterus is pulled over the pelvic rim due to increasing amniotic fluid. 

The fetus can be visualized by sonography between udder and sternum along the 

ventral abdomen. With an appropriate portable ultrasound unit the entire fetus, its 

organs and its vital parameters can be visualized. This offers the possibility to determine 

the sex of the fetus by scanning the gonads. The gender-specific appearance of the 

gonads in sonographic B-Mode and especially the gender-specific vascularisation 

pattern of the gonads, which can be visualized using Doppler ultrasonography allow 

gender determination. 

On an annual basis the German Thoroughbred Breeding Federation provides an 

examination of all mares covered by a stallion in fall. Participating in the so called “fall-

examination” offered the opportunity to examine mares during advanced gestation 

transabdominally. The acceptance of the less invasive and less stressful examination 

could be evaluated. Gender of the fetus could be determined based on the appearance, 

echogenicity and vascularisation of the gonads. Furthermore the efficiency of sex-

determination during a serial examination with only a small time frame for examination 

per mare could be rated.  

To verify the results and to find out the source of errors, examinations were videotaped 

and analyzed afterwards.  

Thereof 100 Tapes were chosen (50 B-mode, 50 Doppler) that represented average 

samples of all examinations with varying level of difficulty. These were shown to random 

practitioners with different degrees of experience in general ultrasonography and in 
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equine gynecology. Gender of the fetus had to be determined by the participants.  

Based on the results of the evaluation practicability and repeatability of the technique 

were estimated.  

Aim of this cumulative study was to establish transabdominal examination during 

advanced gestation as a noninvasive method for late pregnancy check ups that can give 

additional information about the fetus such as fetal gender (study 1). Furthermore 

sources of errors as well as important hints for the improvement of sex determination 

were collected to provide an informative basis on the examination (study 2). Likewise 

practitioners can estimate the degree of experience and practice that is needed to 

perform gender determination properly. 
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2. Literature Survey 

 

2.1 Gestation in mare 

 

2.1.1 Reproductive anatomy and physiology of the pregnant mare 
 
Mares´ reproductive tract consists of the following organs: two ovaries, two oviducts, a 

T-shaped uterus with two uterine horns, one uterine body and cervix, vagina, vestibule 

and vulva. The uterus is fixed within the pelvic cavity by the broad ligament. It consists 

of three layers- the secretory and glandular endometrium lying on the inside, the 

myometrium with an inner layer of circular muscles and an outer layer of longitudinal 

muscles and a serosal layer on the outside.. The nourishment is provided by blood 

vessels running through the broad ligament, mainly the vaginal artery, the uterine artery 

and the ovarian artery with their corresponding vein. The uterus constitutes an adequate 

environment for the development of the embryo (BRINSKO et al. 2011). 

Fertilisation, the fusion of maternal and paternal genome building a zygote, occurs in the 

oviduct. Migration trough the oviduct takes about 6 days (148h) (ALLEN 2005). 

Afterwards blastogenesis follows, it takes about 14 days and describes the formation of 

the two-layered blastodisc after fertilization. The following embryonic period lasts about 

6 weeks. During this period primordial organs and fetal membrane are formed. The last 

stage until birth is the fetal period which is distinguished by the final differentiation of 

organs (SCHNORR 2011a). 

Fetal membrane ensures the exchange of oxygen and essential nutrients between mare 

and embryo/fetus. It provides protection against mechanical concussions and against 

bacterial and viral influences. Furthermore it produces hormones for maintenance of 

pregnancy.  

Placentation starts around D 36 after conception with implantation of the embryo. It is 

completed around D 150 of gestation, in between the yolk sac takes over the 

nourishment of the embryo (ALLEN and WILSHER 2009). 

The equine placenta consists of amnion, allantois and chorion. The amnion surrounds 
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the embryo, amniotic fluid is mainly produced by the amnion,it contains fetal urine, 

saliva, secretion of nasopharynx, hair and dandruffs. The fluid increases during 

gestation while the size of the amnion cavity grows. The allantois lies between chorion 

and yolk sac, allantoic fluid contains fetal urine coming directly from the fetal bladder.  

The chorion establishes the connection to the uterus. On its surface, makrovilli extend 

and migrate into the uterine epithelium. Multiple makrovilli grow together and build 

microcotyledones that grow into endometrial cryptons, microcaruncles, and form 

microplacentomes. This leads to an enormous enlargement of the surface and improves 

exchange of nutrients between mare and fetus. It is called semiplacenta diffusa 

completa (SCHNORR 2011b, BRINSKO et al. 2011b). Only the oviductal papilla, cervix, 

folds within the allantochorion, endometrial cups and endometrial cysts are not covered 

by microcotyledones (KNOTTENBELT et al. 2007). As no tissue layer corrodes during 

that progress the equine placenta is also called placenta epitheliochorialis (SCHNORR 

2011b, RÜSSE und GRUNERT 1993). 

A special characteristic of the equine placenta is the formation of endometrial cups. 

Around day 35, the trophoblast (outer layer of the morula that is going to form the 

chorion and amnion) divides in two different cellular types. The invasive component 

forms the chorion girdle and invades the uterine epithelium into the lamina propria and 

turns into deciduas-like cells of the endometrial cups. They secret Equine chorionic 

gonadotropin (eCG), a hormone which causes the development of secondary corpora 

lutea, and mediates the maintenance of the primary CL (ALLEN and STEWART 2002, 

BRINSKO et al. 2011b). Maximum size of endometrial cups is reached around D 70 

(BRINSKO et al 2011b). Around D 100 they begin to undergo degeneration caused by 

maternal immune response (HOFFMANN et al. 2005). The non-invasive component of 

the trophoblast connects with the maternal endometrial epithelium (s .a.) (ALLEN and 

STEWART 2002). 
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2.1.2 Gestation diagnosis in horses 

 

Gestation can be confirmed as early as D 10 after ovulation by transrectal sonography. 

The safest way to perform examination for mare and veterinarians is to use an 

examination stall to fix the mare properly. The rectum needs to be emptied carefully to 

palpate the uterus. It has to be palpated and scanned entirely at least twice. Using 

ultrasonography (linear probe, 5-7,5 MHz) gestation can be performed earlier and 

undesired multiple (twin) pregnancies can be determined early. The pregnancy 

examination includes diagnosis of multiple (twin) pregnancies, endometrial cysts, 

inflammatory signs e.g. intrauterine fluid, uterine edema, size of the embryo and 

pathological deviations of endometrium or embryo. All findings have to be recorded and 

discussed with the breeder. Sonographic findings on the ovaries (e.g. number and 

morphology of the corpus luteum) should be part of accurate examination. Gestation 

should be determined early (D 16) and in case of a singleton pregnancy reconfirmed at 

D 28-35, ~D 90, and in fall (~4-7th month of gestation). During early gestation movement 

of the embryo has to be taken under consideration, it can be found within the entire 

uterus which has to be scanned thoroughly. Attachment to the endometrium won`t start 

before 16 days of gestation.  Embryonic mobility serves the purpose to compress 

maternal prostaglandin F2alpha synthesis and maintain gestation. (Hoffmann et al 2009, 

Bostedt et al. 2014). 

To prevent injuries examiners have to work calm and carefully. Before examination 

proportions of the mare’s rectum and examiner’s hand have to be evaluated, especially 

in small horses and ponies. Soft examination gloves, lots of lubricant and if necessary a 

smooth muscle relaxant (e. g. Butylscopolamin) should be used. Afterwards gloves have 

to be checked for blood, so in case of an emergency treatment can be started right away 

(BOSTED et al. 2014). 
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2.1.2.1 Transrectal examination 

 

Determine pregnancy in horses by transrectal examination is possible as early as D 10 

to 12 after ovulation. At this stage the yolk sac fluid can be visualized as an anechogenic 

vesicle.  With clinical relevance the mobile blastocyst is usually detected 14 days post 

ovulation. It has to be taken into account, the blastocyst can be found in any part of the 

uterus during that stage of pregnancy. Reexamination beginning D 22 up to D 90 of 

gestation for evaluation of embryonic growth and for visualization of fetal heart beat can 

be performed by transrectal examination as well. Due to increasing amount alantoic fluid 

and seize of the yolk sac the embryo can be found in the center of the amnionic sac and 

can be visualized well (HOFFMANN et al. 2009).  

 

2.1.2.2 Transabdominal examination 

 

The equine fetus can be visualized by transabdominal sonography beginning 90 days of 

pregnancy. It can be found in the inguinal area and in front of the udder (MCPHERSON 

2010; see fig. 2). Transabdominal examinations allow monitoring of the fetal 

development trough-out the entire pregnancy (BUCCA 2014a). Optimal results can be 

achieved with a portable ultrasound unit including videotape- and colour-Doppler 

function and a convex probe as shown in fig. 1. 
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Figure 1: Portable ultrasound unit with videotape and colour-Doppler function, convex 

probe and skin disinfectant.   

 

Figure 2: Performance of a transabdominal sonographic examination in a pregnant 

mare. The mares abdomen was sprayed with alcohol-containing skin-disinfectant, 

examiner is positioned sideways, right shoulder positioned next to the horses` flank. The 

right hand leads the probe first caudally than cranially until the fetus can be visualized. 
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2.2 Gender determination in horses 

 

Gender can be predetermined before conception by using sex-sorted semen. Sperm will 

be separated by a flow cytometer depending on its chromosome set. Although the 

accuracy is satisfying, sorting rates are low and quality of the frozen semen produced is 

poor. The sorting process itself and cooling, freezing and thawing afterwards stress the 

membrane integrity of spermatozoa. This leads to low fertility rates after insemination 

with sex-sorted frozen/thawed semen (SAMPER et al. 2012). 

 

2.2.1. Gender determination in equine embryos  
 

Different ways to determine the sex at early stages of gestation were reviewed by 

AURICH and SCHNEIDER 2014. 

Male embryos contain specific H-Y antigen. Identification of these antigens by 

fluorescing antibodies is possible and accurate (82%) (WOOD et. al. 1988) assumed the 

embryo hasn`t initiated blastocoel formation yet. Usually equine embryos entering the 

uterus are blastocysts only few at a late morula stage. As a consequence most equine 

embryos are not qualified for identification of H-Y antigen (RAMALHO et al. 2004). 

Gender specific DNA sequences in embryos can be detected by using polymerase chain 

reaction (PCR). Y-specific genes used for gender detection in equine embryos are zinc 

finger genes (ZFX and ZFY) (POLOUMEINKO 2004) and a specific area of the Y 

chromosome (SRY) (BECKELMANN et al 2013). Unfortunately equine embryos tend to 

break after their capsule has been pierced. DNA samples can be collected in embryos 

collected on D 6, 7 or 8. Their capsule has not be formed completely yet. This technique 

requires experienced and skilled veterinarians as well as special equipment and 

laboratory (STOUT et al. 2005).  

Female somatic cells are kept from over-expression of X-specific transcripts by a special 

RNA – the X-inactivated specific transcript (Xist)-, which can be found in one X 
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chromosome in female cells. The inactive chromosome can be visualized after 

incorporation wit 5-bromodeoxyuridine beginning on D 7,5 post ovulation with an 

accuracy of 77%. On the downside the embryo has to be fixated, which excludes the 

possibility of transferring it into an uterus (ROMAGNANO et al. 1987). 

 

2.2.1.1. Gender determination during early gestation (57-70 days) 

 

Gender determination by transrectal sonography can be performed between D 57 and 

70 of pregnancy. Sex determination will be established by finding and locating the 

genital tubercle (BUCCA 2014b). Identification is possible beginning on D 52 or 53. It 

can be visualized as a small bilobulated structure ventral between the hind legs in male 

and female. The tubercle is the precursor of the clitoris in female and the penis in male 

fetus and it migrates cranially towards the umbilical cord in male (see fig. 3) and 

caudally towards the tail in female fetus (see fig. 4). Migration starts on D 55 of gestation 

(HOLDER 2014). To achieve the best results the position of the tubercle should be 

established between the D 59 and 68 of pregnancy (BUCCA 2015). After the fetal 

position has been established by distinct features (head - cranial marker, beating heart 

and umbilical cord – ventral marker, spinal cord – dorsal marker, tail – caudal marker), 

the genital tubercle has to be located within the caudal fetal abdomen. It can be 

visualized as a hyperechoic equal sign. It can be found on the linea alba right next to the 

umbilicus in a male fetus under the tail head in a female fetus (HOLDER 2014).Using 

the longitudinal plane the umbilical cord can be visualized as shown in fig.5.The sagittal 

plan (see fig. 6) is useful to visualize the exact position of the genital tubercle, after 

setting a mark, represented by a line between the stifles. Male fetus can be identified by 

using the transverse plane (see fig. 7). The genital tubercle in female fetus is usually 

harder to be visualized, in male fetus it can be scanned in more planes and detected 

more properly (LIVINI 2010). Two major disadvantages are the required experience and 

a restricted period of time in which early sex determination can be performed 

(RENAUDIN et al. 1997).  
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Figure 3: Genital tubercle of a male fetus2 day 66 of gestation (Fig. in MERKT and 

MOURA 2000). 

    

Figure 4: Genital tubercle of a female fetus day 90 of gestation (Fig. in MERKT and 

MOURA 2000) 

♀ 

♂ 
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2.2.1.2. Gender determination during advanced gestation (90 days –term) 

 

Gender determination during advanced gestation can be performed by transrectal and 

transabdominal approach.  

Determination can only be conducted by transrectal approach if fetal hindquarters can 

be reached after 90 days to 150 days of gestation while the fetus is usually placed in 

posterior presentation within the abdomen. Orientation has to be set as shown in fig. 8, 

afterwards primary genitalia and gonads have to be identified (HOLDER 2014).  

Figure 5: 
Longitudinal plane - 
Using this plane with 
the probe, the 
umbilical cord 
entering the 
abdomen can be 
seen. 

Figure 6: Sagittal plane 
-The genital tubercle 
can be seen between 
the hind legs using this 
plane. If it is posterior 
to an imagined line 
between the stifles, if 
the fetus is female, in 
male it is posterior to 
the line. 

Figure 7: Transvers 
plane - Male fetus can 
be identified by using 
this plane, in female 
fetus no structure can 
be visualized. 
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The transabdominal approach can be performed from D 90 to term and should be 

conducted after 150 days. At this stage fetus changed position and the hindquarters are 

out of reach by transrectal approach. Reduced stress for non- lactating-mares during 

transabdominal examination compared to transrectal examinations should also be taken 

under consideration (SCHÖNBOM et al. 2014). 

The best time to determine gender is between D 110 and 120, access to fetal 

hindquarters can be gained easily and fetal genitalia can be located and identified in a 

proper way. (HOLDER 2011). The structure of equine fetal genital does not change from 

5th month of gestation to term unlike their size and the possibility to visualize them 

properly (BUCCA 2011).  

External genitalia and gonads will be visualized to determine fetal sex. 

In female fetus the mammary glands with its nipples can be seen. It is triangular shaped, 

two hyperechoic nipples on its cranial margin and located on ventral midline between 

the inner tights. The clitoris can be visualized in front of the tail head, it is teardrop-

shaped and appears hyperechoic on the ultrasound image. 

The male penis can be visualized by following the linea alba in caudal direction, 

underneath the tail head a long structure with a hyperechoic formation on the end, 

presenting the glans penis, will appear .It might be covered by the cone-shaped prepuce 

(HOLDER 2011). 

Equine fetal gonads are shaped and located equally in both sex (see fig. 9). Two oval 

shaped masses within the ventro-caudal abdomen located ventral to the kidneys 

diverting towards the fetal bladder can be visualized. Male gonads show a homogenous 

echogenicity with a central hyperechoic line along the axis. This line can be seen while 

using Doppler sonography as well, it represents the testicular vein. 

Female gonads show a medullary-cortical pattern and a corresponding differentiation 

between the tissues in the ultrasound image, using Doppler sonography a 

corresponding ring-shaped image can be seen (BUCCA 2011). 

Gonads can be found and visualized easily, they show over proportional seize (2-7 cm) 

within the fetal abdomen, their ultimate weight of 50-70g is reached between 6 and 7 
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month of gestation due to hyperplasia of intestinal cells associated to the marrow 

(HOFFMANN 2009)(see fig. 10-13). 

 

 

 

                 

 

 
Figure 8 : Longitudinal section of 
an equine fetus during advanced 
gestation: 
Herz=Heart 
Magen=Stomach 
Aorta=Aorta 
Brustkorb=Rip cage 

Figure 9: Longitudinal section of an 
equine fetus during advanced 
gestation: 
WS= Spinal column 
Magen=Stomach 
Blase=Bladder 
Gonade=Gonad 
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Figure 10: Section of a male 
fetus twin-aborted by a 
warmblood mare at ~day 105 of 
gestation, gonads of 
disproportional seize are clearly 
visible. 

Figure 11: Cross-section of a testis of a 
male fetus twin-aborted by an icelandic 
mare ~135 days of gestation. 

Figure 12: Section of a female fetus, twin-
aborted by a warmblood mare at ~day 105 of 
gestation, gonads with disproportional seize 
are clearly visible, in between the fetal 
uterus. 

Figure 12: Cross-section of an 
ovary of a female fetus, fetus 
twin-aborted by an icelandic mare 
~135 days of gestation. 
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3.1 Summary  
 

This study aims to review current knowledge on equine fetal sexing with special 

reference to the authors field experience using the non-invasive transabdominal 

approach. Early gender determination performed transrectally by identifying the genital 

tubercle is specific with a small time frame; it is best performed from day 59 until 68. The 

examiner has to be experienced to scan the right planes for finding the genital tubercle 

in either sex. Advanced sex determination can be performed transrectally from 90 up to 

140 days of gestation, afterwards reaching the fetus hindquarters transrectally is almost 

impossible and the transabdominal alternative has to be chosen. External genitalia and 

gonads have to be found and good knowledge of fetal anatomy is required. For more 

advanced gestation, the importance of representing the gonads and especially outlining 

their B-Mode echotexture and vascularisation by Doppler sonography increases. For the 

transrectal approach for gender determination, mares have to be calm and relaxed, so 

the use of sedation and smooth muscle relaxants might be necessary and the risk of 

perforating the rectum has to be taken into consideration. Transabdominal examination 

shows high acceptance in mares and bears a low risk, sedation is not necessary and 

movement of mare and fetus can be compensated easily by moving the ultrasound 

probe along the abdomen. Equine fetal sex determination is a tool in equine 

reproductive medicine which becomes more important and interesting for breeders in 

order to plan the mares future breeding prospects. With enough time, patience, practice 

and good equipment it can be performed by practitioners easily as an additional service 

for clients. The method to be selected depends on the stage of gestation and on fetal 

presentation. If movements of the fetus prevent the accomplishment of sex 

determination, the examination should be repeated later. Advantages of gender 

determination during advanced gestation by transabdominal ultrasound other than 

economical reasons are the accomplishment of a check up on pregnancy and fetal well- 

being, great acceptance by the clients and a good way to perform gestation control in 
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ponies and small horses, although this may take more time for preparation and 

examination. 

 

Keywords: mare / fetal gender determination / transrectal ultrasonography / 

transabdominal sonography / reproduction 

 

 

 

 

 

  



To perform fetal gender determination in the mare by ultrasound during early and advanced gestation 

 

18 

3.2 Geschlechtsbestimmung am Pferdefetus in der frühen und fortgeschrittenen 
Trächtigkeit 
 
Die frühe Geschlechtsbestimmung ist durch die transrektal-sonographische Darstellung 

des Genitaltuberkels in einem engen Zeitfenster möglich und sollte idealerweise 

zwischen dem 59. und 68 Trächtigkeitstag durchgeführt werden. Das Verfahren bedarf 

eines erfahrenen Untersuchers, um in den richtigen Schnittebenen die 

geschlechtsspezifische Lokalisation des Genitalhöckers darzustellen. Bei fortgeschritten 

graviden Stuten kann die Geschlechtsbestimmung am Pferdefetus via transrektal-

sonographischer Untersuchung vom 90.-140. Trächtigkeitstag angewandt werden. 

Nachher ist die Erreichbarkeit der hinteren Körperabschnitte des Feten mit der 

transrektal liegenden Sonde nahezu unmöglich und die transabdominale 

Vorgehensweise sollte gewählt werden. Zur Auffindung der Zielorgane – äußere 

Genitalanlagen, Gonaden – sind gute Kenntnisse der fetalen Anatomie nötig. Je weiter 

die Trächtigkeit fortschreitet, desto mehr ist der Fokus auf die Gonaden gerichtet, wobei 

insbesondere deren B-Mode-Echotextur und Gefäßversorgung via Doppler-Sonographie 

geschlechtsspezifische Unterschiede liefern. Bei der transrektalen Vorgehensweise 

müssen die Stuten ruhig und entspannt sein, wobei in einigen Fällen medikamentelle 

Ruhigstellung und Darmrelaxation angezeigt sein können, da das Risiko einer 

Schädigung der Darmwand abgewogen werden muss. Die transabdominale 

Untersuchung wird in der Regel von den Stuten gut akzeptiert, weitergehend ist sie für 

den Untersucher und die Stute weniger risikobehaftet und bedarf keiner 

medikamentellen Ruhigstellung. Bewegungen von Fetus und Stute können durch 

einfache Anpassung der Sondenposition entlang des Abdomens kompensiert werden. 

Die Geschlechtsbestimmung am Pferdefetus ist tierärztliches Handwerk und wird 

zunehmend interessant und bedeutsam für die züchterischen Planungen des 

Stutenbesitzers. Die zu wählende Vorgehensweise hängt von der Trächtigkeitsphase 

und der Positionierung des Feten im Uterus ab. Sofern Bewegungen des Feten eine 

Geschlechtsbestimmung verhindern, sollte die Untersuchung zu einem späteren 

Zeitpunkt wiederholt werden. Über die Geschlechtsbestimmung hinaus ermöglicht die 



To perform fetal gender determination in the mare by ultrasound during early and advanced gestation 

 

19 

transabdominale Sonographie der fortgeschritten graviden Stute Aussagen zum 

Fortbestand der Trächtigkeit und zur Vitalität des Feten zu machen. Sie trifft auf große 

Akzeptanz in dem Klientel und erlaubt die Feststellung einer Trächtigkeit bei Ponys und 

kleinen Pferden. Allerdings muss hierbei mehr Zeit für die Vorbereitung und 

Durchführung der Untersuchung aufgewendet werden. 

 

Schlüsselwörter: Stute / Geschlechtsbestimmung / Fetus / transrektale Sonographie / 

transabdominal / Reproduktion 
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3.3 Introduction 
 
In horse breeding commercial interests become more important due to the difficult 

economical situation. The value of a pregnant mare can be set differently if the gender 

of the fetus is known. Decisions about the future of broodmares can be made based on 

the sex of the offspring (Bucca 2011). Knowing the possibility to identify its gender in 

advance, breeders are interested for different reasons and may use this technique for 

managing their stock (Holder 2011). During early and advanced gestation determination 

of the fetal sex can be performed properly. 

Early gender diagnosis by transrectal ultrasonography is based on identification and 

location of the genital tubercle, between 54 and 84 days of gestation (Curran and 

Ginther 1989). The genital tubercle is a small bilobulated structure which is located 

ventrally between the hind legs. It can be identified as early as 52 or 53 days of 

gestation and is the precursor of the penis in male and of the clitoris in female fetus 

(Holder 2014). At that time the distance of the tubercle between tail and umbilical cord is 

equal, but beginning on day 55, it migrates in caudal direction, towards the tail in the 

female and in cranial direction towards the umbilical cord in the male fetus. The best 

results in fetal sexing can be achieved between day 59 and 68 (Bucca 2005). Until day 

80 the examination can usually be performed, afterwards the amniotic fluid increases, 

the uterus is pulled over the pelvic rim and the fetus sinks ventrally and is hardly 

accessible for imaging any longer (Holder 2011). Early fetal gender determination 

requires good equipment, a lot of practice and experience from the examiner in order to 

be performed in an acceptable timeframe to make a reliable predication about the sex of 

the fetus. Another disadvantage of early sex determination is the short period of time it 

can be performed, which is usually right in the middle of the breeding season and the 

evaluation of only one feature of the fetus. Afterwards gender determination can be 

conducted beginning on day 90 up to day 260. The examination of the mares after 

breeding season, throughout the year is possible, this is a great advantage for the 

breeder and usually for the examiner as well because of the lower workload after the 

season. Not only the window of time is wider, also the evaluable gender-specific 
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differences increase. Several parameters of the fetal well-being can be gathered, such 

as movement and heart rate, aortic diameter and growth of the fetus (Bucca et al. 2005). 

Fetoplacental well-being can be evaluated as well, important parameters for that 

purpose are combined thickness of uterus and placenta (CTUP), the echogenicity of 

fetal fluid and the presence of echogenic free floating particles (Reef et al. 1995). Late 

fetal sex determination is based on the identification of different distinctive features, in 

the male fetus penis, prepuce, scrotum and gonads, in the female fetus mammary 

glands including nipples, vulva, clitoris and the gonads can be visualized. Access can be 

gained to the regions of interest by transrectal (90–150 days) or transabdominal 

ultrasonography, or by a combination of both techniques depending on fetal 

presentation and movement. 
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3.4 Method to perform gender determination during early gestation 
 
Equipment and required data 

Soft examination gloves, lubricant, stocks to restrain the mare, real time portable 

ultrasound unit with linear probes that work at frequencies from 5 to 7,5MHz with video-

tape function. The screen of the ultrasound unit has to be set at a level and distance that 

the examiner can take a close look and possibly change the settings. Quiet 

surroundings, lights and the date of the last mating has to be known. The rectum has to 

be emptied. 

Tranquilizing the mare is usually not necessary. The common drugs used for sedation of 

horses are lipophilic, the placental barrier is passed and the fetus is affected. During 

sedation the vital parameters of the mare (heart rate, cardiac output, breathing 

frequency and volume) are decreased and the fetus has to deal with the lack of 

nourishment. None of the common sedative drugs are prohibited for mares until mid 

gestation, but because of the affection on the fetus they should be excluded. If the use is 

still necessary to calm the mare and keep the level of stress down, the lowest possible 

but effective dose should be chosen (Hubbell 2011). Tranquilizers relax the uterus what 

may cause a subsidence into the abdomen, which will enlarge the distance between the 

ultrasound transducer and the fetus and makes the gender determination more difficult. 

Most mares accept the examination as long as they are restrained in stocks and in quiet 

surroundings (Holder 2011). 

Technique 

The entire uterus should be scanned until fetal body-parts are seen. First 

orientation should be established, therefore good knowledge of fetal anatomy is 

indispensable. Landmarks, helping to set orientation about the position of the fetus, 

must be found. Fetal heart, skull and chest point out cranial direction, stomach (typical 

gastric-shaped, black) and tail point out caudal direction, the spinal cord with the rips 

coming off it to both sides points out dorsal and the umbilical cord points out ventral 

direction. After landmarks are found the presentation and position of the fetus should be 

determined properly. To establish a better view of the fetus, the distance to the 
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transducer can be lowered by pushing it on to the uterus carefully or by turning it slightly 

to the left or right, until the view of the fetus, especially of the genital tubercle, is better. 

However, all kinds of manipulation on the uterus can cause drifts of the allantoic fluid 

which encourage the fetus to move. Movement causes acoustic shadows and the 

orientation has to be established again or the fetus may have to be found again if it 

vanished from the scanned area. After orientation is established, the focus must be on 

the caudal fetal abdomen, which should be scanned in different planes (frontal, oblique 

and cross-sectional) to find the genital tubercle. In the male fetus a hyperechoic equal 

sign will appear ventro-median, caudal of the umbilical cord. By using a plane vertical to 

the fetal vertebrae there are three hyperechoic marks to be seen on the hindquarters, 

the first is the tail head and the other two are the tibias, which should form a triangle. In 

the female fetus, the tubercle appears ventral of the tail head. By using the described 

plane, the triangle will have another hyperechoic sign in the middle, associated to the tail 

head (Holder 2014). Male gender usually can be determined better and faster because 

the genital tubercle can be seen in more planes than in the female gender (Livini 2010). 

Attention has to be paid to artifacts, which easily can appear near the umbilical cord. If 

the examiner is not sure about the sex, a statement should not be made. To prevent the 

clients from loosing trust in early gender determination no guessing should be made, but 

the examination should be repeated a few days later and at least a few hours later 

(Holder 2011). Other reasons for a wrong determination can be due to the inability to 

determine the orientation of the fetus or to scan its posterior third properly, so that the 

genital tubercle is not visible. Especially in females, the genital tubercle may not be 

detected because it is hidden by the tail head (Mari et al. 2002). Videotaping of the 

examination can clearly increase the quantity of positive determinations (Merkt et al. 

1999). It is recommendable to take a close view of the genital tubercle and the 

surrounding area, especially the umbilical cord and tail head, at least three times to 

reach an adequate level of certainty and keep the errors down (Curran and Ginther 

1991). 
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3.5 Method to perform gender determination during advanced gestation 
 
Transrectal approach 
 
Equipment and required data 

Soft examination gloves, lubricant, stocks to restrain the mare, real time portable 

ultrasound unit with linear probes that work at frequencies from 5 to 7,5MHz with video-

tape and Doppler function. The screen of the ultrasound unit has to be set at a level and 

distance that the examiner can take a close look and change the settings if necessary. 

Quiet surroundings and the lights adjusted for a good view on the screen should be 

arranged. The date of the last mating has to be know. The rectum should be emptied 

properly. Mares should only be tranquilized if it is really necessary. 

Technique 

Known from personal experience, the hindquarters of the fetus are reachable by 

transrectal examination from 90 until 140 days. If the fetus is in posterior presentation, 

the hindquarters can be explored adequately, in transverse presentation they may also 

be reachable. Afterwards, the hindquarters of the fetus are barely accessible and a 

proper view of the main area of interest is almost impossible, wherefore the 

transabdominal approach should be chosen. During this stage of gestation sex 

determination will be based on the external genitalia and the gonads. Once the fetal 

hindquarters are in view, diagnostic parameters have to be identified. In the male fetus, 

these are penis, scrotum, urethra and gonads. In the female one, mammary glands, 

nipples, vulva, clitoris and gonads are to be found. The gonads are equally shaped and 

located in both sexes, in the male fetus with a homogenous echogenicity and a typical 

hyperechogenic line along the longitudinal axis in the middle of the gonad. In the female 

gonads, the echogenicity is bizoned, because of the different structure of cortex and 

medulla. These features can be visualized even better by using color Doppler 

ultrasonography (see Fig. 1). In the male fetus the penis appears as hyperechoic 

trilobulated structure. It may be mantled into the prepuce, after 5 months it is usually 

flaccid, in some cases an erected penis can be seen. Because of the close 
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neighborhood to the umbilical cord it may reflect the pulsation of the umbilical vessels. 

The scrotal compartments can be visualized as two equally shaped hypoechogenic oval 

shaped structures with diagonal orientation towards the perineal urethra. By using an 

oblique plane to see the hind limbs, the anogenital raphe may appear as a 

hyperechogenic slim structure between the limbs (Bucca 2011, Curran and Ginther 

1993). The circular or ellipsoidal shaped urethra is to be visualized perineally or running 

along the full length of the penis with cross-sectional or longitudinal scans. 

 

Transabdominal approach 

 

Equipment and required data 

Stocks to restrain the mare and a real time portable ultrasound unit with a convex 

probe that works at frequencies from 2 to 6MHz with a scanning depth up to 25cm is 

reachable with both a video tape and a color Doppler function. The screen has to be set 

on a level and distance that the examiner can take a closer look and change the settings 

anytime. Quiet surroundings, lights adjusted, mating date, and a good knowledge of fetal 

anatomy should be provided. Skin disinfectant containing alcohol, coupling gel and 

clipping machine should be kept handy. Clipping is usually not necessary, when the 

examination is performed during the summer or fall. Sedation of the mare is not 

necessary, although the decreasing fetal activities due to the tranquilization can cause 

the fetus to sink deeper into the uterus, which reduces the distance between probe and 

fetus and improves scanning quality. Still, there are effects on the vital parameters of the 

fetus and sedation should only be used if there isn`t any other way to examine the mare 

properly. 

Technique 

Alcoholic skin disinfectant should be brought on to the abdomen between udder 

and xyphoid with a sponge or be sprayed on, if the mare tolerates it. Keeping the mare 

calm and providing a quiet surrounding is as important as during early gestation, 

because the fetus may change position in case of excitement especially during the 5th 
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and 6th month of gestation. Examination starts on the left side, examiners right shoulder 

is positioned close to the left flank, the probe is held with the right hand, viewing 

direction is up front to the mares head. Scanning starts in front of the udder and 

continues along the ventral abdomen until the fetus is seen and the hindquarters can be 

located. After 150 days, in most cases the fetus is found in anterior position wherefore 

fetal hindquarters appear in the mid abdomen; they move further cranial due to growth 

of the fetus. After 8 months of gestation, they are found in the cranial third of the 

abdomen near the xyphoid. If the fetus isn`t found on the left side or the hindquarters 

are harder to reach, the examiner changes to the right side of the mare. Landmarks for 

orientation such as beating heart, stomach and spinal cord should be established. The 

extending costal arch and the flexed pelvic rim can cause acoustic shadows. The 

elongation of the umbilical cord wit loops may also impair the view. The umbilical cord 

can be distinguished from other fetal anatomical structures by 3 nonechogenic areas 

encircled by a wide echogenic line and the bloodflow. 

Gender determination in advanced gestation is based on the identification of external 

genitalia and gonads, too. No structural changes occur in these organs from 150 days to 

term, the size on the other hand changes and as a consequence, their visibility varies. 

As gestation progresses, determination of external genitalia is getting more difficult 

because of fetal growth and acoustic shadows. After day 200 external genitalia can’t be 

identified consistently at every examination (Renaudin et al. 1997). During advanced 

gestation gender determination is mainly focused on scanning the fetal gonads. With 

increasing size their visualization is getting easier and their characteristic vascularisation 

can be shown well by Doppler-sonography. The fetal gonads extend within the fetal 

abdomen, and reach their ultimate weight (50–70g) between month 6 and 7 because of 

hyperplasia of interstitial cells associated to the marrow (Hoffmann et al. 2009). 

The penis with its hyperechoic glans penis can be found behind the umbilical cord. Male 

gonads are found in the ventrocaudal abdomen, ventral to the kidneys, dorsal to the 

fetal bladder. They are uniformly oval shaped and echoic structures with a homogenous 

texture equal to the fetal liver, with a length between 2 and 7cm and a hyperechoic 
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longitudinal line in its center, presenting the mediastinum testis. After 125 days the line 

may not be visible constantly. Using Doppler ultrasonography, an intense signal along 

the longitudinal axis, representing blood flow along the mediastinum testis, and a signal 

on the lateral contour representing the pampiniform plexus, will appear (Resende et al. 

2014). From first hand experience it can be reported, that the vascularisation of the 

plexus can`t be seen in every fetus, in contrast to liquid flux in the mediastinum testis. 

In the female fetus, mammary glands appear triangular or trapezoidal shaped and the 

nipples are visible as two hyperechoic areas on the cranial margin of the glands. By 

scanning the perineal region, the hyperechoic clitoris is detectable by its typical teardrop 

shape, the vulva can be seen between anus and clitoris. These anatomical structures 

can be found by investigating the pubic area, frontal and oblique planes bring the best 

scanning results. Fetal gonads in females are equally shaped, sized and located as in 

the male, but a separation between the cortex and medulla of the ovary is detectable as 

a hyperechoic circle around the central echodense core, representing the cortico 

medullary border. This pattern can be seen by Doppler ultrasonography as well, with a 

strong circular signal on the outer layer. Doppler sonography is found to be an effective 

tool to determine fetal sex after 150 days. The accuracy is raised especially in the male 

sex, but attention has to be paid to artifacts, caused by vascularized tissue surrounding 

the gonads and by movement of the fetus. The examiner has to be experienced enough 

to recognize artifacts to perform proper sex determinations. Due to the longer distance 

between ultrasound probe and fetus, the quality of the visual image by using the 

transabdominal approach may seem not as clear as by using the transrectal approach. 

However, the transabdominal approach is the safest way to determine gender during 

advanced gestation. It is the least invasive way to perform this examination and 

personal experience shows, that the acceptance of this procedure by the mares is high. 

Furthermore, Schönbom et al. (2014) reported that pregnancy checks by 

transabdominal ultrasonography inflicted a lower stress reaction than the transrectal 

technique in non-lactating mares. The duration may be a little longer but with increasing 
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experience, the right place and angle to see the gonads can be found quickly and there 

is no risk of perforating the mares rectum.  

Not less than three of the described features should be determinate before a diagnosis 

is made: In the male fetus, external genitalia (penis with glans) and gonads with the 

hyperechogenic line along the longitudinal axis and the corresponding signal by Doppler 

ultrasonography should be seen, possibly also a signal on the lateral contour. In the 

female fetus, the external genitalia (mammary glands, clitoris, vulva) and gonads 

showing the typical bizoned structure and the intense circular signal by Doppler 

ultrasonography due to the cortico-medullary border, should be seen. The Examination 

takes between 2 and 15 minutes depending on the experience of the examiner and the 

cooperation of mare and fetus. 
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3.6 Figures 

 
A 
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Fig. 1 Contour drawings and real B-Mode and Doppler-sonographic, transabdominal 
images of fetal gonads in male and female fetus obtained in mares by during advanced 
gestation. Examination was performed from the left side of the standing mare with a 
convex probe working at a frequency of 3.5–5MHz and scanning depth of approx. 16cm; 
sedation of the mare is normally not necessary. For good coupling alcoholic skin 
disinfectant was sponged on to the abdomen from the udder to the xyphoid. The probe 
was moved along the abdomen until the fetus becomes visible. The fetus will be found 
caudally, around and above the udder between 3 and 4 months of gestation, afterwards 
it changes in anterior position and can be found further cranially between udder and 
xyphoid. The best time to perform the transabdominal approach is from day of gestation 
d120 to d240 (4th–8th month). 
A) B-Mode sonogram of a fetal male gonad d219 with typical oval form and both a 
homogeneous echotexture and hyperechogenic line crossing along the longitudinal axis 
representing the mediastinum testis. 
B) B-Mode sonogram of a fetal female gonad d119 with typical oval form and a 
hyperechoic circle around the echodense center representing the border between cortex 
and medulla of the ovary. 
C) Doppler-sonogram of a fetal male gonad d219 with typical oval shape and intense 
signal along the longitudinal axis, representing blood flow along the mediastinum testis 
and a signal on the lateral contour representing blood flow within the plexus 
pampiniformis. 
D) Doppler-sonogram of a fetal female gonad d132 with typical oval shape and a strong 
circular signal representing the cortico-medullary border. 
 
Schemata sowie B-Mode- und Doppler-sonographische, transabdominale Aufnahmen 
fetaler Gonaden männlicher und weiblicher Pferdefeten bei fortgeschritten tragenden 
Stuten. Die Untersuchung in der fortgeschrittenen Gravidität erfolgt von der linken 
Körperseite an der stehenden Stute mit einer konvexen 3.5–5MHz-Sonde mit einer 
Eindringtiefe von ca. 16cm; eine Sedation der Stute ist im Regelfall nicht notwendig. Für 
eine gute Ankoppelung wird das Abdomen vom Euter bis zum Xyphoid mit 
alkoholischem Hautdesinfektionsmittel benetzt. Die Sonde wird entlang des Abdomen 
geführt bis der Fetus sichtbar wird. Vom 3. bis 4. Monat befindet sich der Fetus caudal 
neben und über dem Euter, danach sinkt der Fetus ab liegt in Vorderendlage und ist 
cranial zwischen Euter und Xyphoid darstellbar. Der geeignete Zeitraum für die 
transabdominale Untersuchung beginnt ab dem 120. und reicht bis zum 240. 
Trächtigkeitstag (4.–8. Monat). 
A) B-Mode Darstellung einer männlichen fetalen Gonade am 219. Trächtigkeitstag mit 
typischer ovaler Form und homogener Echotextur sowie einer – das Mediastinum testis 
repräsentierenden – hyperechogenen Linie entlang der longitudinalen Achse 
B) B-Mode Darstellung einer weiblichen fetalen Gonade am 119.Trächtigkeitstag mit 
typischer ovaler Form und hyperechogener innerer Kreislinie um das echodichte 
Zentrum herum; die Kreislinie trennt die äußere Rinden- von der inneren Markschicht 
des Ovars. 
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C) Dopplersonographische Darstellung einer männlichen fetalen Gonade am 
219.Trächtigkeitstag mit typischer ovaler Form und intensivem Dopplersignal entlang 
der longitudinalen Achse, welches Blutfluss entlang des Mediastinum testis 
repräsentiert. Das Dopplersignal an der lateralen Kontur stellt Blutfluß im Plexus 
pampiniformis dar. 
D) Dopplersonographische Darstellung einer weiblichen fetalen Gonade am 
132.Trächtigkeitstag mit typischer ovaler Form und intensivem zirkulärem Dopplersignal 
entlang der Grenze von äußerer Rinden- und innerer Markschicht. 
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4.1. Summary:  
 

Late pregnancy check ups in mares during advanced gestation by 

transabdominal ultrasound bring reliable results on fetomaternal and fetal well-being. 

Fetal gonads can be scanned as well. Aim of this study was to evaluate accuracy of fetal 

gender determination by using B-Mode and Doppler ultrasonography video images 

analyzed by different raters. The accuracy of these diagnoses was compared among the 

raters. Pregnancy checks were performed on different stud farms in the mid-west of 

Germany. The day of gestation was derived from breeding records, and the mares were 

examined between 70–240 days pregnant. Fetal sex was determined as well by B-Mode 

and Doppler sonography. Examinations were videotaped. Gonads with homogenous 

structure and a hyperechogenic line along the longitudinal axis, or an intense Doppler 

signal along this axis were assigned to be male. Gonads with bizoned echogenicity and 

a strong circular Doppler signal were assigned female. To review the practicability and 

repeatability of gender determination 100 videotapes were selected and shown to 20 

voluntary raters who correlated videotapes and fetal gender. Confirmation of gestation 

and fetal well-being during advanced gestation (90–240 days) by transabdominal 

ultrasound examination is practicable. Gender determination can be accomplished by a 

combination of B-Mode and Doppler sonography. The best results can be accomplished 

during 4th (75%) and 5th (62%) month of gestation, especially by using Doppler 

ultrasonography. Practitioners who are unexperienced in gender determination can 

complete the task based on videotapes showing fetal gonads. Characteristic optical 

features can be identified better referring to vascularization detected by colour Doppler 

ultrasonography. In conclusion gender determination by transabdominal sonography can 

be conducted by using a combination of B-Mode and Doppler sonography. Optimal 

working conditions and videotaping the examination can increase the accuracy. Using 

colour Doppler helps to find distinctive features and determine the gender with greater 

accuracy. The accuracy of the diagnoses is optimal between 4-5 months of gestation. 
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4. 2 Introduction 
 
Ultrasound technology gets more sophisticated, transabdominal sonography of the fetus 

during advanced gestation in mares can be performed easily. Currently commercial 

interests become more important in horse breeding due to difficult economical 

situations. The value of a pregnant broodmare can be set differently, if the sex of the 

fetus is known. Decisions about the maintenance of mares in stock can be made based 

on known fetal gender. As a result, breeders show increasing interest in fetal gender 

determination for managing their sales (Bucca 2011, Holder 2011). Gender 

determination in pregnant mares can be performed in three different ways, by identifying 

the genital tubercle during 54-84 days (Curran and Ginther 1989), by transrectal 

examination during 90-150 days (Holder 2011) or by transabdominal examination after 

150 days with the aim to outline the gonads and external genitalia (Holder 2014). 

The genital tubercle is a small bilobulated structure which is located ventrally between 

the hind legs. It can be identified on day 52 to 53 at the earliest, it represents the 

forerunner of the clitoris in female and the penis in male fetus (Holder 2014). It is placed 

at an equal distance between umbilical cord and tail. After 55 days it starts to migrate in 

caudal direction towards the tail in female and cranial towards the umbilical cord in male 

fetus. Best results in gender determination can be achieved between 59 and 68 days 

(Bucca 2005, Renaudin et al. 1997). After 80 days amnionic fluid increases, the uterus is 

pulled over the pelvic rim and the fetus sinks ventrally. Reaching and depicturing the 

genital tubercle is hardly possible (Holder 2011). The short period of time to perform sex 

determination, the experience needed to make a reliable prediction and the evaluation of 

only one distinctive feature are the biggest disadvantages. Matters are complicated 

further by the fact that the equine fetus is encouraged to move by drifts of allantoic fluid 

generated by examination. This leads to acustic shadows which aggravates gender 

determination (Holder 2014). Afterwards evaluable gender specific differences increase. 

In male penis, prepuce, scrotum and gonads, in the female fetus mammary glands 

including nipples, vulva, clitoris and gonads can be visualized. The focus is on the 

gonads, they are equally shaped and located in both sexes. In female gonads 
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echogenicity is bizoned, because of the different structure of cortex and medulla, in male 

gonads homogenous echogenicity and a typical hyperechogenic line along the 

longitudinal axis in the middle is typical (Renaudin et al. 1997). These features can be 

visualized even better by using colour Doppler ultrasonography (Resende et al. 2014). 

Access can be gained transrectally (90–150 days) or transabdominally (90 days – term). 

Transabdominal examination is the safest and least invasive way to examine the mare 

during advanced gestation. There is no risk of perforating the rectum also pregnancy 

check ups by transabdominal ultrasonography in nonlactating mares cause a lower 

stress reaction than transrectal sonography (Schönboom et al. 2015). 
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4.3 Material and methods 
 
Animals 

Gender determination by transabdominal sonography was performed in 689 

german thoroughbred mares during the annual late pregnancy check up in the fall. The 

age of the animals was between 3 and 23 years, pregnancy was progressed between 

70 and 240 days of gestation. 

 

Ultrasonographic examination 

For the transabdominal examination a real time portable Logiqe ultrasound unit 

by General Electrics Healthcare, Solingen, Germany, with colour Doppler and videotape 

function was used. Combined with a convex probe working at frequencies from 2 to 

6MHz. B-Mode and colour Doppler sonography were performed at 5MHz with a 

scanning depth of 16cm (as described by Tönissen et al. 2015). Once the gonads were 

seen examination was videotaped first in B- 

Mode, than with Doppler function. Mares were examined during a serial 

screening, time to perform pregnancy check up and gender determination was limited to 

3–5 minutes. With increasing experience the time needed for gender determination 

decreased. Mares were not restrained in stocks, sedation was not used in any mare. If 

the gonads of the fetus could not be seen properly or too much movement prevented a 

good view on the gonads, no prediction about the sex was made. If no fetus was to be 

found, the examination was continued transrectaly to confirm gestation. Skin disinfectant 

containing alcohol was brought on the abdomen with a sponge, or if tolerated by the 

mare, sprayed on. The area around the udder and up to the xyphoid had to be soaked 

with disinfectant. Clipping was not necessary. The examiner was positioned on the left 

flank, probe was held with the right hand and slowly moved along the abdomen starting 

around the udder and continuing in cranial direction. Once the fetus was visible its 

position was detected and the focus was laid on the hindquarters. Landmarks for 

orientation are scull, beating heart, stomach, umbilical cord and spine. Gonads were 
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located and scanned thoroughly then the colour Doppler was used to visualize their 

vascularisation. 

Gonades are oval shaped and to be found in the ventrocaudal abdomen, ventral to the 

kidneys and dorsal to the fetal bladder. Homogenous texture equal to fetal liver with a 

hyperechoic longitudinal line along its centre (representing mediastinum testis) and an 

intense signal along this line using colour Doppler ( representing blood flow along the 

mediastinum testis) were considered male. A hyperechoic circle around the central 

echodense core (representing the corticomedullary border) and a strong circular signal 

on the outer layer using Doppler were considered female. In some male gonads, using 

colour Doppler, a signal on the lateral contour representing the pampiniformis plexus 

was detectable, in contrast to the liquid flux in the mediastinum testis it could not be 

seen in every fetus. Results of gender determination and observed optical features were 

recorded and compared to the actual sex of the foal in the following year. After false 

prediction the regarding videotapes were reviewed to analyze the cause of the false 

prediction. 

 

Evaluation by raters 

To review the repeatability and practicability of equine fetal gender determination 

by transabdominal sonography, 100 video images showing fetal gonads from all the 

videotapes taken during the serial examination were selected. Sex of the fetus shown in 

the tapes was confirmed after birth and before the selection was completed. 50 tapes 

were recorded during B-Mode sonography, 50 tapes during colour Doppler sonography. 

The tapes were to be watched independently and their numbering was different in both 

modes, so the tapes couldn`t be paired up and every recording had to be judged 

individually. The length of the tapes was between 5 and 20 seconds, although the 

majority had a length between 14 and 16 seconds. The collection was made by an 

experienced examiner, who selected samples of all tapes showing the gonads 

adequately, so sex determination was possible. Some B-Mode tapes showed body parts 
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of the fetus that were passed on the way to the caudal third, colour Doppler tapes were 

only taken, when the probe was directly above the gonads.  

Gender determination based on these tapes was conducted by 20 voluntary 

participants. All of them are veterinarians with experience in equine reproduction. The 

degree of experience (high, medium, low) was settled by self-assessment. Few 

participants have already conducted fetal sex determination by transabdominal 

sonography. To standardize the evaluation among the raters, the raters received an 

explanation of the diagnostic criteria and the features of typical B-Mode and Doppler 

images. They were asked to determine gender, report optical features they recognized 

and how often the tape was replayed, before determination was conducted. 

 

Statistical analysis 

Statistical analysis was done using SAS software (SAS Institute, Cary, NC). All 

data were included in a descriptive analysis. The Kolmogorov-Smirnov test was used to 

test model residues for normal distribution. Differences in rates of correct, incorrect, and 

inoperable fetal sex determinations between month of gestation were analyzed by Chi-

squared (2) test. For groups with ≤5 cycles, Fisher’s exact test was used. Differences in 

rates of correct, incorrect, and inoperable fetal sex determinations between modes of 

sonography (B-Mode, Doppler), and examiners were analyzed by McNemar- and 

Bowker test and Kappa statistics. In all cases, values are given as rates (%) and 

differences between sonographic-mode, month of gestation and examiner were 

considered statistically significant for p 0.05. 
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4.4 Results 
 
20 veterinarians with a varying degree of experience in equine reproduction, especially 

in transabdominal ultasonography analyzed 100 videotapes. Their degree of experience 

was set by self-assessment. 13 participants would consider themselves as highly 

experienced in equine reproduction, 4 see their experience in a medium and 3 in a low 

range. Collectively there were 1955 tapes to be judged, some of the recordings (45) 

couldn`t be played properly by the participants computers, these were taken out of the 

statistical evaluation. 

Altogether 1022 agreements (52%) and 669 disagreements (34%) of determined and 

actual sex could be noted; in 264 cases (14%) no prediction was made. Within the 

agreements, 544 (55%) were reached while watching the colour Doppler tapes (Table 

1). Month of gestation clearly had an influence on determination (B-Mode p=0,012; 

Doppler p=0,0002) (Table 2). Most correct predictions were made during 4th month: 

65/92 (70,6%), B-Mode 41/60 (68,3%), Doppler 24/32(75%). During 5th month 161/278 

(57,9%) correct determinations were made, thereof 74/138 (53,6%) using B-Mode and 

87/140 (62,1%) using Doppler. The results for 6th month of gestation show 284/580 

(48,9%)agreements, 146/300 (48,6%) B-Mode and 138/280 (49,2%) Doppler.7th month 

of gestation: 332/673 (49,3) total, B-Mode 144/320 (45%), Doppler 188/353 (53,2%), 8th 

month: 177/329 (53,8% )total, B-Mode 70/149 (46,9%), Doppler 107/180 (59,4%). 

Irrespective of advancement of gestation Doppler sonography is more efficient than only 

using B-Mode. 

Examiners experience was a significant parameter as well ( B-Mode p=0,0061, Doppler 

p=0,0198) (Table 3). The least experienced examiners showed the highest results for 

correct determinations 159/289 (55,4%). 68/141 viewing B- Mode tapes (48,2%) and 

91/146 (62,3%) viewing Doppler tapes. Average experienced participants showed a total 

agreement of 250/497 (50,3%): 117/247 (47,4%) B-Mode and 133/250 (53,2%) Doppler. 

Highly experienced examiners reached a total of 610/1168 (52,2%), 290/579 (50,1%) 

while watching B-Mode tapes and 320/589 (54,3%) while watching Doppler tapes. 

Judging videotapes of examinations that were taken while using Doppler sonography 
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leads to more correct gender determinations, than watching tapes of examinations in B-

Mode (Table 4). 
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4.5 Discussion 
 
Transabdominal sonography is the least invasive way to perform gender determination 

in advanced gestation. Before 90 days of pregnancy finding the fetus is difficult, but if 

the mare accepts the probe close to her udder a pregnancy check up can be performed 

as early as 70 days transabdominally. The fetus and parameters of its well-being 

(movement, heart rate, aortic diameter, growth) can be visualized easily (Bucca et al. 

2015).Echogenicity of fetal fluid, the presence of echogenic free floating particles and 

the combined thickness of uterus and placenta (CTUP) can be assessed during 

examination, so important visual cues for fetoplacental well-being can be gathered in 

passing (Reef et al. 1995). Fetal gonads can be scanned sufficiently, if the fetus is in a 

good position and the mare is calm. Gender determination based on fetal gonads is 

possible. Using Colour Doppler function raises correct determinations. Finding the right 

position with the probe above the fetal gonads and staying very still to visualize their 

vascularisation as good as possible is important to keep the errors down. Videotaping is 

a good way to review the examinations and maybe find distinctive features which 

couldn`t be seen during the actual examination in the stable. Especially if conditions for 

gender determination aren`t adequate (lights not adjusted, screen set too far away from 

examiner). Reviewing the tapes after the actual sex of the foals is known is a good way 

to evaluate mistakes that have been made during previous determinations. The duration 

needed to conduct an examination decreases with the practitioners experience. The 

severity of determination is an individual parameter, it depends on working conditions, 

cooperativeness of mare and fetus and on examiners experience and patience. A serial 

examination might not be the best requirement for gender determination by 

transabdominal ultrasonography. To reduce the errors and increase the number of 

achievable determination, it should be possible for examination to take more than 5 

minutes, it may have to be conducted more than once in some cases, optimal working 

conditions are indispensable for good results. External genital should be regarded more 

to confirm gender determinate based on gonads. 
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This study showed that the level of experience in equine reproduction doesn`t correlate 

with the number of correct gender determinations. In fact the least experienced 

participants showed most agreements, especially when Doppler was used (62%), they 

also seem to be more decisive with only 7% B-Mode and 3% Doppler non 

determinations. The lack of experience might lead to impartiality while judging the tapes. 

Medium and highly experienced veterinarians show a smaller amount of accordance 

during evaluation. It is reported that experienced veterinarians achieve varying levels 

(65%, >90%, 100%) of accuracy when determing fetal sex (Mari et al. 2002, Resende et 

al. 2014, Bucca et al. 2015). In our opinion, the principal causes for the high level of 

error in this study are that only videotapes were analyzed retrospectively by raters not 

familiar and unexperienced with the technique of transabdominal ultrasonographic fetal 

sexing. Most agreements have been achieved during 4th (68% B-Mode, 75% Doppler) 

and 5th month (54% B-Mode, 62% Doppler) of gestation. Until 150 days the fetus 

usually is found in the caudal third near the udder, the distance between probe and fetus 

is small. With progressing pregnancy the fetus moves further cranial within the mares 

abdomen, this usually causes a bigger distance. The extending costal arch and flexed 

pelvic rim of the fetus cause acustic shadows, the elongation of the umbilical cord 

forming loops also impairs the view. 

Distinctive optical features have been identified in B-Mode (37%) as often, as not 

recognized at all (37%).Doppler sonography shows these features in a clearer way (42% 

identified, 33% not recognized). Seeing bizoned echogenicity or a hyperechoic line 

along the longitudinal axis by using B-Mode is hard to distinguish and clearly needs a lot 

of practice. Females are easier to identify because the bizoned echogenicity is visible 

from more angles and a more recognizable feature, most disagreements were in males 

that were judged females. If the probe is not positioned exactly above the gonade, the 

hyperechoic line might not seem to be in the center of the gonad and appears like an 

outer layer. 
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4.6 Conclusions 
 
To summarize, pregnancy check ups with fetal gender determination during 

advanced gestation by transabdominal sonography are conductable, mares show a 

high level of acceptance. With examiner`s increasing experience determination will 

be performed faster with less errors. Using colour Doppler sonography and creating 

optimal conditions for examination can increase the number of correct 

determinations. Gender determination should not be performed during serial 

examinations with a given time frame to be conducted. Practitioners who are 

unexperienced in transabdoninal sonography can determine gender referring to 

videotapes taken during examinations. Although identifying distinctive optical 

features needs a lot of practice and experience. The use of colour Doppler increases 

success of gender determination. The accuracy of the diagnoses is optimal between 

4–5 months of gestation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Transabdominal ultrasonographic determination of fetal gender in the horse during mid-gestation –a 
comparative study using randomized video images to investigate variation in diagnostic performance 

among raters, and the effect of month of gestation 

 

47 

 

4.7 Tables 

 

Table 1. Fetal sex determination performed by 20 participants based on videotapes of transabdominal examinations of 
mares during advanced gestation taped with the purpose to determine the sex (50 B-Mode recordings, 50 Doppler 
recordings). 

Gender determination 
by participants 

Agreement 
 

Dissagreement No determination 

Collectively 
n=1955* 

 
n=1022 

 
n=669 

 
n=264 

  
52,28% 

 
34,22% 

 
13,5% 

 
   n=264 

 ♀/♀ ♂/♂ ♀/♂ ♂/♀ ♀ ♂ 
 523 499 296 373 136 128 

 51,17% 48,83% 44,25% 55,75% 51,52% 48,48% 

B-Mode 
n=970 

 
n=478 

 
n=333 

 
n=159 

  
49,28% 

 
34,33% 

 
16,39% 

 
    
 ♀/♀ ♂/♂ ♀/♂ ♂/♀ ♀ ♂ 
 256 222 159 174 75 84 
 53,56% 46,44% 47,75% 52,25% 47,17% 52,83% 

Doppler 
n=985 

 
n=544 

 
n=336 

 
n=105 

  
55,23% 

 
34,11% 

 
10,66% 

 
    

 ♀/♀ ♂/♂ ♀/♂ ♂/♀ ♀ ♂ 
 267 277 137 199 61 44 

 49,08% 50,92% 40,77% 59,23% 58,10% 41.90% 
 

*Some recordings could not be played properly by the participants computers. 
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Table 2   Gender determination by participants during different stages (month) of gestation. In every evaluated stage 
the use of Doppler sonography helped to achieve a higher rate of agreements. Most correct determinations could be 
noticed during 4th month, the earliest possible stage for transabdominal ultrasonographic gender determination. 

 4. month 
n=92 

5. month 
n=287 

6. month 
n=580 

7. month 
n=673 

8. month 
n=329 

Agreement 70,65%  (65) 57,91%  (161) 48,97%  (284) 49,33%  (332) 53,80%  (177) 

   B-Mode n=60 

68,33%  (41) 

n=138 

53,62%  (41) 

n=300 

48,67%  (146) 

n=320 

45,00%  (144) 

n=149 

46,98%  (70) 

   Doppler n=32 

75,00%  (24) 

n=140 

62,14%  (87) 

n=280 

49,28%  (138) 

n=353 

53,26%  (188) 

n=180 

59,44%  (107) 

Disagreement 17,39%  (16) 25,54%  (71) 36,55%  (212) 37,00%  (249) 36,47%  (120) 

  B-Mode 25,00%  (15) 24,64%  (34) 35,33%  (106) 38,44%  (123) 36,91%  (55) 

  Doppler 3,13%    (1) 26,43%  (37) 37,86%  (106) 35,69%  (126) 36,12%  (65) 

Not possible 11,96%  (11) 16,55%  (46) 14,48%  (84) 13,67%  (92) 9,73%  (32) 

  B-Mode 6,67%    (4) 21,74%  (30) 16,00%  (48) 16,56%  (53) 16,11%  (24) 

  Doppler 21,87%  (7) 11,43%  (16) 12,86%  (36) 11,05%  (39) 4,44%  (8) 
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Table 3  Results of fetal gender determination of 20 raters associated with their experience in gynecological topics. The 
degree of experience was established by self-assessment of the participants regarding their daily work on studfarms. 
Showing most matches in gender determination by the least experienced participants in equine gynaecology. 

Experience Recordings 
watched* 

Agreement Dissagreement No determination 

Low 
n=287 

2,7 
B-Mode 2,4 
Doppler 2,2 

159 
55,40% 

 

113 
39,37% 

15 
5,23% 

 
  B-

Mode 
Doppler B- 

Mode 
Doppler B- 

Mode 
Doppler 

  n=141 n=146 n=141 n=146 n=141 n=146 

  68 91 63 50 10 5 
  48,23% 62,33% 44,68% 34,25% 7,09% 3.42% 

Medium 
n=497 

2,2 
B-Mode 2,6 
Doppler1,8 

250 
50,30% 

 

174 
35,01% 

73 
14,69% 

  B-
Mode 

Doppler B- 
Mode 

Doppler B- 
Mode 

Doppler 

  n=247 n=250 n=247 n=250 n=247 n=250 

  117 133 83 91 47 26 
  47,37% 53,20% 33,60% 36.40% 19,03% 10,4% 

High 
n=1168 

2,7 
B-Mode 3 

Doppler 2,6 

610 
52,23% 

381 
32,62% 

177 
15,15% 

  B-
Mode 

Doppler B- 
Mode 

Doppler B- 
Mode 

Doppler 

  n=579 n=589 n=579 n=589 n=579 n=589 

  290 320 187 194 102 75 
  50,09% 54,33% 32,29% 32,94% 17,62% 12,73% 
*Arithmic mean of numbers the videotapes have been watched 
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Tabele 4  Coincidence of optical features on fetal gonads shown on videotapes taken during serial examinations and rated 
by an experienced examiner with results detected by 20 participants. The features could be identified better in the tapes 
that were taken while using Doppler sonography. 

 Optical feature 
identified 

Optical feature 
misjudged 

No optical feature 
recognized 

B-Mode 
n=970 

37,32% 
362 

25,46% 
247 

37,22% 
361 

Doppler 
n=985 

42,74% 
421 

24,77% 
244 

32,49% 
320 

 

Identified optical features 
 

Bizoned echogenicity ♀ Hyperechogenic line along 
longitudinal axis ♂ 

B-Mode 19,69% 
191 

17,63% 
171 

Doppler 21,52% 
212 

21,22% 
209 

 

Misjudged optical feature ♀  showed/♂ recognized ♂ showed/ ♀ recognized 

B-Mode 9,54% 
94 

15,23% 
150 

Doppler 12,16% 
118 

13,3% 
129 
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4.9 Erweiterte Zusammenfassung 

 

Transabdominale ultrasonographische fetale Geschlechtsbestimmung beim Pferd in 

der fortgeschrittenen Trächtigkeit – eine vergleichende Studie unter Verwendung von 

stichprobenartig ausgewählten Videoaufnahmen um Variationen in der Diagnostik 

verschiedener Probanden und den Effekt des Trächtigkeitsmonat festzustellen 

 

Bei fortgeschritten tragenden Stuten ist es möglich die Geschlechtsbestimmung am 

Fetus mit Hilfe von transabdominaler Sonographie durchzuführen. Die Akzeptanz 

dieser Untersuchung ist groß und das Risiko für Verletzungen bei Pferd und 

Untersucher ist deutlich geringer als bei der transrektalen Untersuchung. Die 

Gonaden lassen sich ultrasonographisch gut darstellen und es können ebenfalls 

wertvolle Informationen über die fetale Gesundheit gewonnen werden. Während der 

alljährlichen Herbstuntersuchung des Vollblutpferdes in Deutschland wurden auf 

verschiedenen Gestüten Videoaufnahmen während der transabdominalen 

Ultraschalluntersuchungen zu Geschlechtsbestimmung angefertigt. Aus diesen 

Aufnahmen wurden 100 repräsentative Mitschnitte durch einen erfahrenen 

Untersucher ausgewählt und diese 20 Tierärzten vorgeführt. Die Probanden verfügen 

über einen unterschiedlichen Erfahrungsschatz und einen unterschiedlich großen 

Anteil an gynäkologischen Fällen in ihrer täglichen Praxis. Ziel dieser Studie war es 

herauszufinden, in wieweit eine Übereinstimmung von dem durch die Probanden 

erkannten und dem tatsächlichen Geschlecht erzielt werden kann. Auch der Einfluss 

der tierärztlichen Erfahrung des Probanden, des Trächtigkeitsmonats und des 

Sonographiemodus wurden evaluiert. Das Erkennen typischer optischer Merkmale 

wurde ebenfalls berücksichtigt. Homogenität und eine hyperechogene Aufhellung im 

Zentrum im B-Mode, sowie ein deutliches zentrales Signal im Doppler werden als 

Kennzeichen für männliche Gonaden angesehen. Zweizonige Echogenität im B-

Mode und ein deutliches kreisförmiges Dopplersignal werden als Kennzeichen für 

weibliche Gonaden gewertet. 50 Aufnahmen zeigen Gonaden im B- Modus, 50 

Gonaden im Doppler-Modus, sie wurden zwischen dem 70. und 240. Trächtigkeitstag 

angefertigt, der Trächtigkeitstag wurde anhand von Deckbescheinigungen der Stuten 
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errechnet. Die meisten Übereinstimmungen wurden im 4. Trächtigkeitsmonat erzielt 

(75%); im 5. Monat waren es 62%. Die Verwendung der Dopplerfunktion erhöhte die 

Anzahl der Übereinstimmungen, typische optische Merkmale konnten ebenfalls 

besser mit Doppler erkannt werden. Die tierärztliche Erfahrung der Probanden 

korreliert nicht mit der Höhe der erzielten Übereinstimmungen. Wenig erfahrene 

Probanden können ebenfalls anhand von Videoaufnahmen die 

Geschlechtsbestimmung durchführen. Die Vaskularisation der fetalen Gonaden, 

welche unter Verwendung des Dopplers aufgezeigt wird, ist bei der fetalen 

Geschlechtsbestimmung ein wichtiger Faktor, der einbezogen werden muss um eine 

korrekte Aussage treffen zu können. Während der Untersuchung sind die äußeren 

Gegebenheiten und die Kooperationsbereitschaft der Stute von essentieller 

Bedeutung. Es müssen in jedem Fall die bestmöglichen Arbeitsbedingungen 

geschaffen werden (richtige Positionierung von Ultraschallgerät, gute 

Lichtverhältnisse, ruhige Umgebung). Unruhige Stuten und unnötig lange Dauer der 

Untersuchung führen zu fetalen Bewegungen, welche die Untersuchung und vor 

allem das adäquate Darstellen der Gonaden zusätzlich erschweren. Mit wachsender 

Erfahrung und Sicherheit des Untersuchenden sinkt die benötigte Zeit und das 

Geschlecht kann besser bestimmt werden. Eine kritische Selbstüberprüfung durch 

Betrachtung der angefertigten Videoaufnahmen sollte in jedem Fall erfolgen. 

Transabdominale Ultraschalldiagnostik zur Bestimmung des fetalen Geschlechts ist 

eine schonende nicht invasive Untersuchungsmethode. Unter idealen 

Arbeitsbedingungen mit gutem Equipment, das die Möglichkeit der 

Dopplersonographie und des Aufnehmens der Untersuchung bietet, ist ein Erlernen 

der Technik auch wenig erfahrenen Tierärzten möglich. Es sollte keine Aussage über 

das Geschlecht getätigt werden, ohne Zuhilfenahme der Dopplerfunktion zum 

Auffinden der typischen optischen Merkmale. Der bestmögliche Zeitraum zur 

Geschlechtsbestimmung liegt zwischen dem 4. und 5. Trächtigkeitsmonat. 

 

 
Schlüsselwörter:  Stute / Geschlechtsbestimmung / transrektale Sonographie / 
transabdominale Sonographie / Reproduktion 
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5. Comprehensive Discussion 

 

Fetal gender determination in horses can be performed from D 55 of pregnancy up to 

term.  

Breeding horses is often connected with economical aspects. Especially in 

Thoroughbred horses the known sex of a foal can influence the price of a pregnant 

mare and can build the basis for the breeders decision about which horses are to be 

sold.  

Making a prediction about the fetal sex should always be a result of a proper 

examination conducted under the best conditions possible. Gender determination 

should only be performed when special characteristics of a sex could be identified, 

no guessing at any time. If prediction is not possible it should not be made. 

Early gender determination by identifying and locating the genital tubercle requires a 

lot of skills and practical experience. Mares have to be restrained in stocks, 

equipment and surroundings should be optimized. A perfect view on the screen of 

the ultrasound unit and a comfortable position for examination are indispensable. In 

stressed mares the use of a smooth muscle relaxant or sedation might be required, 

although early stage gender determination is strongly recommended by experts as 

the most reliable way of gender determination (HOLDER 2011, HOLDER 2014), 

identifying the small genital tubercle will take a lot of time. Even determination of the 

position of the fetus might take some time for practitioners with average experience 

in gynecological examination of mares. The right planes to visualize the tubercle 

have to be known and mastered. Moving and pushing down the probe moves on the 

uterus and is pushed down, causes increased movement of allantoic fluid and the 

fetus increases its activity. Slight movements might help the examiner to find the right 

plane, lots of movement makes examination almost impossible. The success of early 

gender determination is influenced to a high degree by the time needed for 

examination and examiners experience. Transrectal examination causes a higher 

level of stress than transadominal examination (SCHÖNBOM et al. 2015), and 

should be performed only if necessary in a restricted period of time. Unexperienced 

practitioners should refrain from early gender determination and choose a less 
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invasive way. If the sex cannot be identified, examination should not be extended, 

but reexamination should be conducted later. 

Furthermore the period of time to perform early gender determination is only a few 

days (preferably D 59 to 68). Gender determination between D 90-140 by transrectal 

approach is possible if the fetus is in posterior presentation. During that stage of 

gestation, external genitalia and gonads can be evaluated. Good knowledge of fetal 

anatomy and the different echotexture and vascularisation pattern of the gonads is 

essential. Examination has to be conducted target-oriented and quick to keep the 

fetus from moving and keep the stress for the mare as low as possible. To get as 

much information as possible the gonads should be scanned by B-Mode and 

Doppler. Visualizing the vascularization pattern of the gonads is a helpful tool for 

gender determination, especially for unexperienced practitioners. If the fetus is 

presented in anterior or transverse position or gestation is more advanced than 140 

days, the transabdominal approach should be chosen. Fetal genitalia and gonads 

cannot be reached by transrectal examination, so the examination less stressful with 

a lower risk for the mare and should be first choice. Personal experience showed that 

transrectal examination between 90 and 140 days was quite challenging in some 

mares, especially in tall ones. Even though the fetus was in posterior presentation, 

hindquarters were hard to reach and mares were stressed by the examination. 

Transabdominal examination is accepted well in mares. Moistening the abdomen 

with alcohol and movement of the probe is tolerated by most mares. Sedation is not 

necessary none of the mares in the study had to be sedated while performing 

transabdominal examination. Examiner can follow maternal and fetal movements 

with the probe. Depending on the stage of gestation the fetus can be found within the 

entire abdomen. Good knowledge of fetal anatomy is inalienable. The ultrasound-

unite used should be provided with a color Doppler and a videotape function to 

achieve the best results possible.  

Equine pregnancy can be detected by transabdominal sonography as early as D 70 

of gestation. The fetus will be high within the abdomen and can be found in close 

proximity to the udder or in the inguinal area.  

Once fetal gonads can be visualized clearly their gender specific echogenicity can be 
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identified. Using color Doppler increases the success of gender determination. A 

clear vision of the gonads optimizes the gender-specific vascularization-patterns and 

reduces errors. Practitioners who are not familiar with transabdominal sonography 

could identify distinctive optical features better while using color Doppler. 

Vascularization of the gonads in male and female is different, when gonads are 

scanned properly. If the entire diameter was scanned, gender specific bloodflow 

could be seen by most practitioners. The ring-shaped pattern of bloodflow in female 

gonads can be visualized from many different angles, so their identification was 

easier for raters. Male gonads scanned from an oblique angle were often misjudged 

as females.  

While judging randomized videotapes taken during gender determinations the 

highest levels of correct gender determinations was achieved by the least 

experienced raters. They are probably less biased and watch the taps with neutral 

eyes. While experienced raters might relay on their experience gathered during 

ultrasound examinations in the field and do not have a neutral view based only on the 

described features on the tapes. 

The highest level of agreement was achieved during 4th and 5th month of gestation. In 

that stage of gestation the fetus is still high in the abdomen and will be found in the 

area surrounding the udder. The fetus is still small and can be scanned in cross 

sections easily. The distance between probe and foal is small and the costal arch of 

the fetus did not extend yet. There are very few acustic shadows during that early 

stage and examination can be concentrated on the caudal third of the mare. Due to 

the short distance between probe and fetus and the small amount of allontoic fluid 

the vision is clearer than in advanced gestation. 

External genitalia were not shown in most tapes and have not been part of the 

evaluation. They should be taken under consideration to achieve the best results in 

gender determination and to confirm the result based on the fetal gonads. 

Transabdominal sonography should be preferred to transrectal sonography. It is the 

least invasive technique, causes less stress and there is no risk of perforating the 

mare’s rectum. With a portable ultrasound unit including a konvex probe the 

technique can be performed in the field. The acceptance in mares and owners is 
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high. No sedation is necessary and the risk for the mare is low. With some practice 

and patience late transabdominal pregnancy check-ups can be performed by any 

practitioner and gender determination can be learned in a short period of time. Good 

knowledge about fetal anatomy, gender specific differences in gonads and the 

external genitalia is the foundation for sex determination. Examinations should be 

videotaped and reviewed after examination to increase the experience in identifying 

distinct features and confirm the determined gender after the sex of the foal is known 

to reflect and analyze examination. Quality, duration and number of positive 

determinations will rise if examinations are taped and reviewed (MERKT 1999). The 

more experienced the examiner is the faster determination can be conducted. The 

mare stays calm and the fetus does not move, this leads to better visibility of gonads 

and better results in determination. 

Additionally fetal well-being can be judged by transabdominal examination for fetal 

gender determination. Fetal movement, fetal heart rate, growth of the fetus and aortic 

diameter can be evaluated (BUCCA et al. 2005). Examiners should know the 

anatomy and diagnostic reference levels for equine fetus. Fetoplacental well- being 

can be evaluated by the measurement of the combined thickness of uterus and 

placenta (CTUP), the echogenicity of fetal fluid and the amount of echogenic free 

floating particles. During the examination for gender determination the condition of 

the fetus and placenta is supposed to be checked as well. 

The highest precept is to keep the errors down. No guessing should be made and no 

terminal prediction about fetal gender should be made, as long as less than three 

distinctive features have been found. Examiners have to discipline themselves, show 

patience and should not report a guess. To establish this examination breeders have 

to gain trust in it. The transabdominal approach offers a fetal gender determination 

that will keep the stress level for the pregnant mares low and can be conducted 

during the fall, when the daily workload is much smaller. The optimal time to achieve 

the best results is between the 4th and 5th month of gestation and the Doppler 

function allows optimal results. 
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6. Summary 

 

Anna Tönissen (2016) 

 

Transabdominal ultrasonography during advanced gestation in horses to 

perform fetal gender determination with special consideration of practicability 

and repeatability of the examination technique 

 
Gender determination in horses is getting more popular. Known sex of the fetus can 

influence the price of a pregnant mare and future breeding plans. Different gestation 

stages for determination are reported. Determination based on the genital tubercle 

can be performed best between D 59 and D 68 of gestation by transrectal 

examination. The location of the tubercle has to be evaluated, in males it can be 

found cranially close to the umbilical cord, in females it is visible underneath the tail 

head.  

Between D 90 and D 140 gender determination by transrectal examination is based 

on fetal gonads and external genitalia. These can be reached if the fetus is in 

posterior position and fetal hindquarters can be examined. 

Transabdominal examination can be conducted from D 90 of gestation up to term. It 

is based on identification of the gonads and external genitalia as well. The 

transabdominal approach bears the lowest risk for the mare. Examination is tolerated 

well and can be performed under field conditions. Good knowledge of fetal anatomy 

and gender specific appearance of fetal gonads is essential. 

For this study 689 mares have been examined during advanced gestation by 

transabdominal sonography during the annual examination of the German 

Thoroughbred Horse in fall. Gender had been determined by evaluation of fetal 

gonads and their gender related echotexture and vascularization. Examination was 

video-taped and reviewed afterwards. 

It has been shown that late pregnancy check-ups can be accomplished by 

transabdominal sonography as early as D 70 of gestation. Examination was tolerated 

by the mares well, none of the mares was sedated and breeders` interest was 

generated. Fetal and feto-placental well-being could be evaluated additionally.  
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Sex determination was possible in most cases. Given that the gonads could be 

scanned properly and Doppler sonography could be used, determination was not 

possible in 250 mares. Nonetheless it was shown that gender determination should 

not be conducted during a serial examination with a small time-frame given for 

examination due to the large number of mares to be examined. If the mare is not 

relaxed or there is a lot of fetal movement, gender determination should be repeated 

later, no prediction should be made before the gonads have not been scanned 

thoroughly and gender specific features have been evaluated. Conditions for 

examination might have to be adjusted to get the best result possible (lights adjusted, 

screen set at the right distance). It is important that determination is always based on 

distinctive features, without those, no sex should be predicted to keep breeders trust 

in examination up. 

Out of the performed examinations 100 representative videotapes showing fetal 

gonads have been chosen and shown to veterinarians with a various amount of 

experience in equine gynecology. It was shown that the use of Doppler sonography 

clearly increases the number of right determinations. Distinct optical features could 

be identified better when Doppler sonography was used. Female gonads were easier 

to identify than male gonads. Most agreements in determined and actual gender 

were achieved, when the videotapes were taken during the 4th month of gestation, 

while the fetus is still high within the abdomen and can be scanned in cross-sections 

and the distance between fetus and probe is still small.  

Raters experience in equine gynecology did not influence the amount of right 

determinations. In fact raters with few or none experience showed a higher level of 

agreements.  

With enough practice, patience and good equipment fetal gender determination can 

be conducted by any practitioner by transabdominal examination. Stress levels 

caused by transabdominal examination are lower than by transrectal examination. 

The risk to hurt the mare during examination is much lower and it is a good approach 

to check pregnancies in ponies and small horses. 
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7.  Zusammenfassung 

 

Anna Tönissen (2016) 

 

Transabdominale Ultrasonographie bei fortgeschritten tragenden Stuten zur 

Durchführung von Geschlechtsbestimmung am Fetus unter besonderer 

Berücksichtigung der Durchführbarkeit und Reproduzierbarkeit dieser 

Untersuchung 

 

Die fetale Geschlechtsbestimmung beim Pferd erfreut sich wachsender Beliebtheit. 

Ist das Geschlecht des Fohlens bereits vor der Geburt bekannt, kann dieses den 

Preis einer tragenden Stute und die weiteren Zuchtpläne beeinflussen. Die 

Geschlechtsbestimmung kann während verschiedener Trächtigkeitsstadien 

durchgeführt werden. Die Bestimmung anhand des Geschlechtstuberkels kann am 

besten zwischen dem 59. und 68. Trächtigkeitstag durch transrektale Untersuchung 

durchgeführt werden. Die Lokalisation des Tuberkels ist bei männlichen Feten kranial 

nahe der Nabelschnur, bei weiblichen Feten kaudal unterhalb des Schweifansatzes. 

Zwischen dem 90.und 140.Trächtigkeitstag wird die Geschlechtsbestimmung durch 

transrektale Untersuchung anhand der äußeren Genitalien und der fetalen Gonaden 

vorgenommen. Diese Organe können durch den Untersucher erreicht werden, wenn 

sich der Fetus in Hinterendlage befindet, so dass das kaudale Viertel des Fetus 

untersucht werden kann.  

Transabdominale Sonographie kann bis zum Tag der Geburt durchgeführt werden, 

beginnend ab dem 90. Trächtigkeitstag. Grundlage hierfür sind ebenfalls fetale 

Gonaden und äußere Genitalien. Die transabdominale Untersuchung ist die, für die 

Stute risikoärmste, wird gut toleriert und kann auch im Feld durchgeführt werden. 

Gute Kenntnisse der fetalen Anatomie und des geschlechtsspezifischen Aussehens 

der fetalen Gonaden ist unentbehrlich. 

Für diese Studie wurden fortgeschritten tragende Stuten (n=689) während der 

alljährlichen Herbstuntersuchung des deutschen Vollblutpferdes untersucht. Das 

Geschlecht des Fohlens wurde anhand der fetalen Gonaden mit ihrer 
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geschlechtsspezifischen Echogenität und Durchblutung bestimmt. Die 

Untersuchungen wurden aufgenommen und anschließend ausgewertet. Es konnte 

gezeigt werden, dass späte Trächtigkeitsuntersuchungen bereits ab dem 70. 

Trächtigkeitstag durch transabdominale Ultraschalluntersuchungen vorgenommen 

werden können. Die Untersuchung wurde von den Stuten gut toleriert. Sedierung 

wurde für kein Pferd verwendet, außerdem wurde das Interesse der Züchter 

geweckt. Die fetale und feto-plazentare Gesundheit konnte ebenfalls während der 

Untersuchung überprüft werden. In den meisten Fällen war die 

Geschlechtsbestimmung möglich, vorausgesetzt, die Gonaden konnten gut 

dargestellt werden und der Doppler ist ebenfalls zum Einsatz gekommen. 

Nichtsdestotrotz konnte aufgezeigt werden, dass fetale Geschlechtsbestimmung 

nicht im Rahmen einer Serienuntersuchung mit zeitlichen Einschränkungen 

durchgeführt werden sollte. Wenn die Stute aufgeregt ist bewegt sich der Fetus, die 

Geschlechtsbestimmung sollte dann zu einem späteren Zeitpunkt durchgeführt 

werden. Eine Aussage über das Geschlecht sollte nie getätigt werden, bevor die 

Gonaden nicht in ihrer Gänze geschallt werden konnten und geschlechtsspezifische 

Merkmale erkannt werden konnten. Die Bedingungen unter denen die Untersuchung 

durchgeführt wird müssen gegebenenfalls angepasst und verbessert werden um die 

bestmöglichen Ergebnisse zu erzielen (Anpassung der Belichtung und der 

Entfernung des Bildschirmes des Ultraschallgerätes). Es ist von größter Wichtigkeit, 

dass die Geschlechtsbestimmung immer auf der Grundlage von markanten 

geschlechtsspezifischen Unterschieden durchgeführt wird. Können dies nicht erkannt 

werden, sollte kein Geschlecht vorausgesagt werden, nur so kann das Vertrauen der 

Züchter in diese Untersuchung aufrechterhalten werden. 

Von den während der Untersuchungen angefertigten Videoaufnahmen wurden 100 

repräsentative Aufnahmen ausgewählt, die fetale Gonaden zeigen. Diese wurden 

Probanden mit unterschiedlich viel Erfahrung in equiner Gynäkologie zur 

Durchführung der fetalen Geschlechtsbestimmung gezeigt. Es konnte festgestellt 

werden, dass der Gebrauch des Dopplers eindeutig die Anzahl der richtig 

bestimmten Geschlechter erhöht. Die typischen optischen Merkmale konnten 

ebenfalls besser erkannt werden, wenn der Doppler benutzt wurde. Weibliche fetale 
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Gonaden waren einfacher zu erkennen als männliche. Die meisten 

Übereinstimmungen zwischen erkannten und tatsächlichen Geschlecht konnten 

erreicht werden, wenn die Aufnahmen im 4. Trächtigkeitsmonat angefertigt wurden. 

Zu diesem Zeitpunkt liegt der Fetus noch weit oben im Abdomen und kann gut im 

Querschnitt geschallt werden, außerdem ist der Abstand zwischen Schallkopf und 

Fetus klein. 

Die Erfahrung der Probanden im Bereich der equinen Gynäkologie hatte keinerlei 

Einfluss auf die Anzahl der richtig erkannten Geschlechter, bessere Ergebnisse 

wurden sogar von den am wenigsten erfahrenen Probanden erzielt. 

Mit genug Übung, Geduld und gutem Equipment kann die fetale 

Geschlechtsbestimmung durch transabdominale Sonographie von jedem 

praktizierenden Tierarzt durchgeführt werden. Der Stress der bei der Stute während 

der Untersuchung hervorgerufen wird ist niedriger als der Stress während einer 

transrektalen Untersuchung. Das Risiko die Stute zu verletzen ist deutlich geringer 

und Ponys und kleine Pferde, die einer transrektalen Untersuchung nicht zugänglich 

sind können ebenfalls gefahrlos untersucht werden. 
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9. Index of Figures 

 

Figure 1: Portable ultrasound unit with videotape and colour-Doppler function, 
convex probe and skin disinfectant. 

Figure 2: Performance of a transabdominal sonographic examination in a 
pregnant mare. The mares abdomen was sprayed with alcohol-
containing skin-disinfectant, examiner is positioned sideways, right 
shoulder positioned next to the horses` flank. The right hand leads the 
probe first caudally than cranially until the fetus can be visualized. 

Figure 3: Genital tubercle of a male fetus day 66 of gestation (MERKT and 
MOURA 2000). 

Figure 4: Genital tubercle of a female fetus day 90 of gestation (Abb. aus MERKT 
and MOURA 2000). 

Figure 5  Longitudinal plane - Using this plane with the probe, the umbilical cord 
entering the abdomen can be seen. 

Figure 6: Sagittal plane -The genital tubercle can be seen between the hind legs 
using this plane. If it is posterior to an imagined line between the stifles, 
if the fetus is female, in male it is posterior to the line. 

Figure 7: Transvers plane - Male fetus can be identified by using this plane, in 
female fetus no structure can be visualized 

Figure 8: Longitudinal section of an equine fetus during advanced gestation: 
Herz=Heart 
Magen=Stomach 
Aorta=Aorta 
Brustkorb=Rip cage 

Figure 9: Longitudinal section of an equine fetus during advanced gestation:  
WS= Spial column                                                              
Magen=Stomach                                                                
Blase=Bladder                                                                  
Gonade=Gonad 

Figure 10: Section of a male fetus twin-aborted by a warmblood mare at ~day 105 
of gestation, gonads of disproportional seize are clearly visible. 

Figure 11: Cross-section of a testis of a male fetus,twin-aborted by an icelandic 
mare ~135 days of gestation 

Figure 12: Section of a female fetus, twin-aborted by a warmblood mare at ~day 
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105 of gestation, gonads with disproportional seize are clearly visible, in 
between the fetal uterus. 

Figure 13: Cross-section of a ovary of a female fetus, fetus twin-aborted by an 
icelandic mare . ~135 days of gestation. 
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