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Summary 
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The purpose of the present study was monitoring of the first trimester of pregnancy in local goats 
through ultrasound visualisation and measurements of some biometric parameters. Eighteen local 
Bulgarian goats, 2 to 4 years of age, weighing 48–56 kg, reared in the Biobase of the Faculty of Vete-
rinary Medicine – Stara Zagora were included in the experiments. All animals underwent ultrasound 
checks on gestation days 21, 28, 35, 42 and 49. Ultrasound measurements included the following 
biometric parameters: uterine lumen diameter, crown-rump length, trunk diameter, biparietal diame-
ter, inner and outer diameter of placentomes, long and short heart axis, foetal heart rate, foetal orbit 
diameter.  The analysis of results indicated that ultrasound check during the first trimester of preg-
nancy of local goats could start at 21st day of pregnancy when two biometric parameters were visuali-
sed – uterine lumen diameter (10.3±2.7 mm), filled with anechoic amniotic fluid and foetal crown-
rump length (5.2±0.9 mm), which was hyperechoic. From the 28th day of gestation, ultrasound measu-
rement of trunk diameter was possible. The inner and outer placentome diameters, biparietal diameter 
and foetal heart rate could be used for monitoring of pregnancy by the end of the first trimester (days 
42 and 49). 
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INTRODUCTION 

The ultrasonography is a rapid, accurate 
non-invasive method, used in routine 
practice for monitoring and control of 
reproduction in small ruminants. The ul-
trasound check of pregnancy is a contem-
porary element of routine reproduction 

management of animals and therefore, an 
integral part of modern reproduction tech-
nologies (Medan & Abd El-Aty, 2010). 
The main practical applications of the 
method in small ruminant reproduction 
include early pregnancy diagnostics, mo-
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nitoring of embryo-foetal development, 
determination of the number and sex of 
offspring (Abdelghafar et al., 2007; San-
tos et al., 2007; Yotov, 2007; 2011; Karen 
et al., 2009). 

At a global scale, numerous reports 
outlining the ultrasonography as a main 
element of pregnancy monitoring in goats 
are available. The possibilities offered by 
echography make it a valuable accessible 
practical method for monitoring of em-
bryo-foetal development. When the time 
of insemination is unknown, ultrasound 
pregnancy check allows determining the 
gestation age with respect to the proper 
prenatal management (Karen et al., 2003; 
Lee et al., 2005), adequate and timely de-
termination of the dry period duration and 
identification of the tentative parturition 
date (Doize et al., 1997; Karen et al., 
2001; 2009). 

The embryo-foetal development and 
gestational age assessment via ultrasound 
examination has been reported in different 
animal species – sheep (González de Bul-
nes et al., 1998; Azevedo et al., 2007), 
cows (Hunnam et al., 2009), llamas (Ga-
zitúa et al., 2001), musk oxen (Pharr et 
al.,1994), buffaloes (Ali & Fahmy, 2007), 
mouflons (Santiago-Moreno et al., 2005), 
sika deer (Yanagawa et al., 2009) и др.  

In goats, ultrasound imaging of differ-
ent criteria for pregnancy monitoring and 
measurements of respective parameters 
was mainly used for gestation age evalua-
tion (Medan et al., 2004; Sugana et al., 
2008;  Amer, 2010; Nwaogu et al., 2010; 
Abdelghafar et al., 2011; Airina et al., 
2011). To our best knowledge, there are 
no data reporting ultrasound monitoring of 
pregnancy in local goats. 

The purpose of the present study was 
to perform ultrasound visualisation and 
biometry of several parameters during the 
first trimester of pregnancy in local goats. 

MATERIALS AND METHODS 

Experimental animals 

The experiment was approved by the 
Animal Ethics Committee at the Faculty 
of Veterinary Medicine, Trakia University 
– Stara Zagora in accordance to Ordi-
nance 20/1 November 2012 of the Bulga-
rian Ministry of Agriculture and Food.  

In this study, 18 local Bulgarian goats, 
2 to 4 years of age, weighing 48–56 kg, 
reared in the Biobase of the Faculty of 
Veterinary Medicine – Stara Zagora were 
used. Goats were between 1st and 3rd lacta-
tion, manually milked twice daily (mor-
ning and evening). Their ration consisted 
of grass and alfalfa hay, pelleted concen-
trated feed (corn, wheat, barley, sunflower 
meal, vitamin and mineral premix); water 
was offered freely.  

The experiment started by the end of 
August. The oestrus in goats was synchro-
nised by intravaginal sponges (Syncro-
part®, Seva Sante Animale). By the 12th 
day, sponges were removed and the goats 
were injected i.m. with 500 IU PMSG 
(Folligon®, MSD Animal Health). They 
were mated twice with a fertile male 
breeder between the 24th and 48th hours 
after sponge removal. 

Equipment 

The examination was done with Sono-
Scape А5V® ultrasound (SonoScape, 
China) and multifrequency (5.0–12.0 
MHz) linear transducer. Two approaches 
were used – transrectal (until the 35th day 
of gestation) and transabdominal (after the 
35th day) in standing position (Yotov, 
2007). Ultrasound transmission Aqua Ul-
tra Clear gel (Ultragel, Hungary) was used 
to facilitate visualisation. Ultrasound cri-
teria for early pregnancy were visualisa-
tion of enlarged uterine lumen, filled with 
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anechoic amniotic fluid and presence of 
hyperechoic embryo.  

Experimental design 

All goats were submitted to a single ultra-
sound check at 7-day intervals: on gesta-
tion days 21, 28, 35, 42 and 49 and mea-
surement of the following biometric pa-
rameters:  uterine lumen diameter, crown-
rump length, trunk diameter, biparietal 
diameter, foetal orbit diameter, inner and 
outer diameter of placentome, long and 
short heart axis, foetal heart rate.   

The ultrasound measurements of stud-
ied parameters was done according to the 
description of Amer (2008), with some 
modifications. The crown-rump length 
was determined from the top of the skull 
to the end of sacrum of a fully extended  
foetus. Trunk diameter was measured 
through the biggest transverse abdominal 
section. Biparietal diameter was measured 
meeting the following criteria: the cere-
bral falx midline divided the hemispheres 
into two equidistant parts and the meas-
urement was taken from the outer surface 
of the proximal calvarium to the inner 
surface of distal calvarium (Amer, 2008). 

Outer and inner placentome diameters 
were measured on 3 placentomes and the 
results were averaged. Foetal orbit diame-
ter, long and short heart axis were meas-
ured as transverse sections in a longitudi-
nal foetal position. Foetal heart rate was 
determined through echocardiography, in 
B-M mode and calculated by the software. 
Data were presented as mean and standard 
deviations (SD). 

RESULTS  

The first visualisation of enlarged uterine 
lumen filled with anechoic amniotic fluid 
and presence of hyperechoic embryo in all 
studied goats (n=18) occurred on the 21st 
day after mating. 

Average values (±SD) of studied bio-
metric parameters are shown on Table 1.  

On the 21st day of gestation, two bio-
metric parameters could be visualised and 
measured: uterine lumen diameter and 
embryo length (Fig. 1), with average va-
lues of 10.3±2.7 and 5.2±0.9 mm respec-
tively. The measurements of both parame-
ters was possible during the entire first 
trimester of pregnancy. After the 35th day 

Table 1. Ultrasound measurements (mean±SD, n=18) of studied biometric parameters in goats du-
ring the first trimester of pregnancy  
 

Gestation day 
Biometric parameters 

21 28 35 42 49 

Uterine lumen diameter, mm 10.3±2.7 19.0±3.3 28.8±3.9 42.8±4.9 54.2±4.5 
Crown-rump length, mm   5.2±0.9 19.3±2.0 20.3±1.6 32.8±2.6 45.6±2.9 
Trunk diameter, mm –   6.8±0.9   9.9±1.1 14.3±2.7 18.8±1.1 
Biparietal diameter, mm – – –   9.4±1.1 13.8±0.7 
Foetal orbit diameter, mm – – – –   6.5±0.5 
Outer placentome  
diameter, mm 

– – –   9.3±1.1 13.6±1.8 

Inner placentome  
diameter, mm 

– – –   3.8±0.7   5.7±0.6 

Foetal heart rate, min–1  – – 212.5±6.1 210.0±4.0 210.4±7.3 
Long heart axis, mm – – – –   6.1±1.1 
Short heart axis, mm – – – –   4.4±0.7 
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of gestation, the anterior and posterior 
parts of the embryo could be already dis-
tinguished and allowed measuring of 
crown-rump length  until the end of the 
study (Fig. 2A). 

Trunk diameter (Fig 2A) was first de-
termined by ultrasonography on the 28th 
gestation day (6.8±0.9 mm) and by the 
end of the first trimester of pregnancy its 
average value was 18.8±1.1 mm.  

Foetal biparietal diameter (Fig. 2B) 
was seen and measured by the 42nd (9.4± 
1.1 mm) and 49th day of pregnancy 
(13.8±0.7 mm). Foetal orbit diameter 
could be determined by ultrasound exami-
nation on the 49th day of pregnancy and 
averaged 6.5±0.5 mm.  

By the end of the first trimester of 
pregnancy (days 42 and 49), the placen-
tome dimensions – outer and inner diame-
ters – could be measured (Fig. 2C). 

The average foetal heart rate 
(212.5±6.1 min–1) was registered by echo-
cardiography for the first time on the 35th 
gestation day (Fig. 2D).  

The ultrasound measurement of long 
and short heart axis (Fig. 3) was possible 
by the end of the first trimester of preg-
nancy (49th day) and respective average 
values were 6.1±1.1 mm and 4.4±0.7 mm.  

DISCUSSION 

The analysis of results showed that the 
ultrasound monitoring of the first trimes-
ter of pregnancy in local goats could pos-
sibly start on the 21st day of gestation, 
when two biometric parameters could be 
observed and quantitated – diameter of the 
uterine lumen, filled with anechoic amni-
otic fluid and the length of the hypere-
choic embryo. The average uterine lumen 
diameter at that time of the pregnancy was 
10.3±2.7 mm. Similar data in dairy goats 
are reported by Amer (2010), who estab-
lished the embryonic vesicle for the first 
time by gestation day 19.5±0.3 with trans-
verse diameter of about 10 mm. A finding 
of a similar size, but by the 21st day of 

 
Fig. 1. Ultrasound measurement of uterine lumen diameter (1) and embryo’s length (2)  

in a goat on the 21st day of gestation. 
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gestation, was reported by Padilla-Rivas 
et al. (2005) in Boer goats. Unlike these 
data, the embryonic vesicle was observed 
by Suguna et al. (2008) on the 28th day of 
pregnancy. The differences in the time of 
visualisation and the average size of this 
parameter were probably due to goat 
breed-related differences, the number of 
foetuses, the type and frequency of the 
ultrasound transducer. 

The measurement of the crown-rump 
length of the foetus in our study showed 
considerable increase in average values 
with progression of pregnancy. A similar 
trend was found for the trunk diameter, 

that attained 18.8±1.1 mm by the end of 
the first trimester of pregnancy. The ultra-
sound measurement of this parameter is 
much easier as compared to the measure-
ment of other parameters, so it is advanta-
geous for pregnancy monitoring in local 
goats between the 28th and the 49th day. In 
support of our assumption, Lee et al. 
(2005) proved that the foetal trunk diame-
ter correlated significantly more strongly 
(P<0.001; R²=0.8876) with gestational 
age than with the crown-rump length and 
biparietal diameter in Korean black goats. 
The highest correlation (R²=0.96) between 
trunk diameter and gestational age was 

 

Fig. 2. Ultrasound biometry on the 42nd day of gestation in a goat: А. crown-rump length (1);   
trunk diameter (2); B. foetal biparietal diameter (arrow); C. outer and inner placentome diameters 

(arrows); D. foetal heart rate (В-М mode).  
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observed in Egyptian local goats between 
gestation days 40 and 140 by Karen et al. 
(2009). 

The visualisation and measurement of 
the biparietal diameter, outer and inner 
placentome diameter in local goats was 
possible by the 42nd and 49th gestation 
days, whereas the foetal orbit diameter 
was quantitated only on the 49th day. The 
analysis of results showed that these pa-
rameters could be hardly used for moni-
toring of the first trimester of pregnancy 
in Bulgarian local goats. Comparably, a 
number of researchers established a very 
strong correlation between gestational age 
and biparietal diameter during the second 
trimester of pregnancy (Abdelghafar et 
al., 2007; 2011; Amer, 2008; 2010). Ab-
delghafar et al. (2007), affirmed that bipa-
rietal diameter was difficult for measuring 
after the 95th day of pregnancy because of 

the marked growth of the foetus and the 
compression of the head by other foetal 
body parts. Also, the non-static position 
and posture of the foetus impede the 
proper scanning of the head and biparietal 
diameter measurement observed in diffe-
rent goat breeds (Toggenburg, Nubian, 
Angora) during the 2nd trimester of preg-
nancy (Haibel et al., 1989). That is why 
Lee et al. (2005) reported a significant 
correlation (P<0.05; R²=0.8089) between 
gestational age and biparietal diameter in 
Korean black goats between the 60th and 
135th gestation day. Abdelghafar et al. 
(2011) determined the parameter in 
Saanen goats from the 6th week of gesta-
tion until the end of pregnancy providing 
proof about a strong correlation with ges-
tational age (P<0.01; R²=0.91). 

For accurate determination of the bipa-
rietal diameter, the head of the foetus 

 
Fig. 3. Ultrasound measurements of the long (1) and short (2) foetal heart axis on the 49th day of 

gestation in a goat.  
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should be scanned in a transverse axial 
plane. The symmetrical imaging is essen-
tial for a proper measurement, and sym-
metry is identified by the simultaneous 
visualisation of both foetal eye orbits (Lee 
et al., 2005). Nwaogu et al. (2010) re-
ported that the foetal orbit diameter was a 
relevant index for determination of gesta-
tion stage in Red Sokoto goats, observing 
a statistically significantly strong correla-
tion (R²=0.92; P<0.001) with gestational 
age between the 57th and 124th days. Ac-
cording to the authors, the determination 
of the foetal orbit diameter was not a con-
sistent parameter for gestational age 
evaluation during the last trimester of 
pregnancy, as during that period, the 
growth rate of the foetal orbit was rela-
tively low unlike the second trimester, 
when foetal orbit grows relatively rapidly. 

The initial visualisation of placen-
tomes and the biometry of the outer and 
inner placentome diameters in local goats 
was possible by the 42nd day of gestation. 
The established average outer diameter of 
9.3±1.1 mm was comparable to values 
obtained by Suguna et al. (2008). Some 
authors believe that the clear ultrasound 
visualisation of placentomes in goats oc-
curs from the middle of the first to the end 
of the second trimester of pregnancy (Do-
ize et al., 1997; Suguna et al., 2009). For 
a most consistent result, the average value 
of 2 to 5 placentome diameters is retained 
(Doize et al., 1997; Lee et al., 2005), and 
in the belief of Karen et al. (2009) only 
the dimensions of the biggest placentomes 
correlated strongly with gestational age. 

In studied goats, heart activity was de-
tected by the 28th day of gestation, and 
foetal heart rate in B-M mode of the scan-
ner was measured for the first time by the 
35th day. The average values of this bio-
metric parameter were similar during the 
three measurement periods (35, 42 and 49 

days of gestation) and the highest heart 
rate was registered by the 35th day 
(212.5±6.1 min–1) while by the end of the 
first trimester of pregnancy it was  210.4± 
7.3 min–1. The reduction of foetal heart rate 
with advancing of the pregnancy in goats 
was also reported by other researchers 
(Martinez et al., 1998; Karen et al., 2009). 

The visualisation of the foetal heart 
and the ultrasound measurements of the 
long and short axes of the heart in local 
goats was possible by the 49th day of ges-
tation. Airina et al. (2011) have measured 
foetal heart from the 9th week of gestation 
until the parturition to prove that this pa-
rameter was reliable for evaluation of ges-
tational age in goats. According to Lee et 
al. (2005), heart axes should be measured 
after simultaneous visualisation of foetal 
atria and ventricles in transverse section 
view, during the diastole and immobile 
foetus. We also affirm that this parameter  
is useful for monitoring of the second and 
third trimesters of goat pregnancy.  

In conclusion, the analysis of all data 
indicated that ultrasound foetal biometry 
in local Bulgarian goats could start on the 
21st day of gestation when at least two 
parameters are clearly visualised and 
could be measured – uterine lumen diame-
ter and crown-rump length. From the 28th 
day onward, trunk diameter was already 
detectable. The outer and inner placen-
tome diameters, biparietal diameter and 
foetal heart rate could be used for ultra-
sound pregnancy monitoring by the end of 
its first trimester– 42nd and 49th days of 
gestation. 
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