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ABSTRACT

Objective: The study was designed to estimate the relationship between gestational age
and transabdominal ultrasonographic measurements of fetus and uterus during the 2nd
and 3rd trimester of gestation in cows.
Methods: Seventeen cows with confirmed conception dates were used. The cows were
examined transabdominally in standing position using the 3.5MHz convex sector transducer
of real-time ultrasonography. Measurements of length and height of placentomes, distance
between uterine walls, width of trunk and heart, intercostal distance and width of umbilical
cord were obtained from the ultrasonographic images by using the screen caliper software.
Results: Measurements at <90 and >250 d of gestation were for placentomes length
(17.87 ± 2.26) and (75.92 ± 7.76) mm, height of placentomes (13.37 ± 1.12) and
(36.50 ± 3.92) mm, distance between uterine walls (71.45 ± 10.68) and (144.63 ± 7.29)
mm, and width of umbilical cord (7.80 ± 0.42) and (16.41 ± 0.41) mm, width of trunk
(35.67 ± 7.11) and (146.50 ± 5.34) mm, width of heart (15.10 ± 5.50) and (74.57 ± 4.20)
mm, and intercostal distance (3.85 ± 0.49) and (21.79 ± 0.48) mm, respectively. All the
measurements were highly significantly correlated with gestational age (P < 0.01). The
measurements showing the highest correlation with gestational age were the width of
heart (r = 0.977), width of trunk (r = 0.965), and intercostal distance (r = 0.952), while the
remaining measurements shown the least correlation with gestational age; distance be-
tween uterine walls (r = 0.887), width of umbilical cord (r = 0.882), placentomes length
(r = 0.880), and placentomes height (r = 0.788).
Conclusion: Transabdominal ultrasonography is a practical and reliable method for
obtaining the fetal and uterine measurements during the 2nd and 3rd trimesters of gestation.
The correlation coefficients between gestational age and fetal measurements (width of trunk
and heart and intercostal distance) were higher than those of uterine measurements, and the
highest correlation was between heart width and gestational age in cows.
1. Introduction

Prediction of calving date is important for assessing repro-
ductive efficiency. When the information about the estrus and
breeding is available, the date of calving can be predicated from
the mean and standard deviation of the gestation length in cows
[1]. Estimation of the gestational age in cows that bred
individually or bred together with bulls is difficult because
these types of breeding have inadequate reproductive
information especially estrus and insemination dates, therefore
a reliable method is requested to estimate the gestational age.

Post mortem studies reported that gestational age is positively
correlated with some of uterine and fetal measurements [2–5]. On
this basis, many of studies were carried out to found a practical
method for determination of gestational age in cows.

Real time ultrasonography is an essential diagnostic tool for
reproductive system and pregnancy diagnosis [6], and it has been
used for estimation of gestational age in cows [7–14].
Ultrasonography was applied transrectally for predicating of
gestational age in cows by measurement of crown rump length
[7,8,14], head length [7], diameters of the trunk [7], uterine diameter
[7,14], placentomes length and size [10,13,14], intercostal space [6].
Other measurements such as heart diameters were established for
determination of gestational age in ewes and goats [15,16].
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In comparison with rectal palpation and transrectal ultraso-
nography, transabdominal ultrasonographywas found an accurate
and rapid method for determination of pregnancy and fetal
viability especially for cows in mid and late gestation [17]. Only
one study was published by Hunnam et al. who determined the
gestational age in cows by transabdominal ultrasonography
measurement of thoracic diameter, abdominal diameter,
umbilical diameter, placentome length and placentome height [11].

In all studies that published also that used transabdominal
ultrasonography, the gestational age in cows was determined
only for the period between 60 and 190 d of gestation [7,9,11,12].
This study was designed to estimate the relationship between
gestational age and transabdominal ultrasonographic
measurements of fetus and uterus during the 2nd and 3rd
trimester of gestation in cows.

2. Materials and methods

2.1. Animals

Seventeen cows aged 2–2.5 years with confirmed conception
dates were used. At first sonographic scanning the gestational
age of cows was between 60 and 85 d (seven cows) and 91–
101 d (ten cows).

2.2. Ultrasonography

Ultrasonographic examination was performed according to
the method was published by Aziz [17]. The cows were
examined transabdominally in standing position using the
3.5 MHz convex sector transducer of real-time ultrasonogra-
phy (Mindray, DP-6900Vet, China). The cows were examined
nine times with an interval of 17–25 d during the period between
June 2015 and January 2016. The ultrasonographic images of
fetus and uterus were recorded for late analysis.

2.3. Fetal and uterine measurements

The ultrasonographic images of fetus and uterus were pro-
cessed using the software Screen Calipers (Version 4.0, ©2006,
Iconico, Inc., http://www.iconico.com/caliper/). An image of
ultrasonic device with known distances in millimeter was used
for calibration of the software to read the fetal and uterine
measurements in millimeter.

Seven measurements were used in this study; placentomes
length and height, distance between uterine walls, trunk and
heart width, intercostal distance and umbilical cord width.

Ultrasonographic images showed the largest longitudinal
sections of placentomes were used for obtaining the placentomes
length and width. Placentomes length was obtained by
measuring the distance between the farthest points of the hori-
zontal axis of placentomes. Width of placentomes was obtained
by measuring the vertical distance of placentomes between the
highest point of placentomes that confronted the uterine cavity
and the level of an extension of endometrium.

The images that showing the lower and upper uterine walls
clearly were used for obtaining the distance between the uterine
walls, this parameter was obtained by measuring the distance
between the farthest points of the cross section of the uterus.

Measurements of trunk and heart width were obtained from
the images that showing the longitudinal section of fetus on the
thorax region. Trunk width was obtained by measuring the
farthest distance of fetal body at the level of last ribs. The heart
width was taken by measuring the distance between the farthest
points of the short axis of the heart that is perpendicular on the
heart median septum.

The intercostal distance measurements were taken from the
ultrasonographic images that showing a longitudinal section of
the chest and appearing a series of white circles that represent a
cross-section of ribs, this parameter was obtained by measure-
ment of the distance between two of these white circles.

The width of the umbilical cord were obtained from the
images which were showing a straight longitudinal section of the
umbilical cord, this parameter was taken by measuring the dis-
tance between the outer sides of the umbilical cord.

2.4. Statistical analysis

The correlation coefficient and equations of regression line
for the relationship between gestational age and each of the
seven measurements were established using Sigma Stat (Sig-
mastat, Jandel Scientific Software V3.1). P < 0.05 was consid-
ered as statistically significant.

3. Results

Measurements of placentomes length and height, distance
between uterine walls and umbilical cord width are summarized
in Figure 1. These measurements at <90 and >250 d of gestation
were for placentomes length (17.87 ± 2.26) and (75.92 ± 7.76)
mm, height of placentomes (13.37 ± 1.12) and (36.50 ± 3.92)
mm, distance between uterine walls (71.45 ± 10.68) and
(144.63 ± 7.29) mm, and width of umbilical cord (7.80 ± 0.42)
and (16.41 ± 0.41) mm, respectively.

Measurements of trunk and heart width and intercostal dis-
tance are summarized in Figure 2. These measurements at <90
and >250 d of gestation were for width of trunk (35.67 ± 7.11)
and (146.50 ± 5.34) mm, width of heart (15.10 ± 5.50) and
(74.57 ± 4.20) mm, and intercostal distance (3.85 ± 0.49) and
(21.79 ± 0.48) mm, respectively.

Results of the study showed that all the measurements were
highly significantly correlated with gestational age (P < 0.01).
The measurements showing the highest correlation with gesta-
tional age were the width of heart (r = 0.977), width of trunk
(r = 0.965), and intercostal distance (r = 0.952), while the
remaining measurements shown the least correlation with
gestational age; distance between uterine walls (r = 0.887),
width of umbilical cord (r = 0.882), placentomes length
(r = 0.880), and placentomes height (r = 0.788). The regression
line equations, squares of correlation coefficient of the rela-
tionship between the gestational age and measurements are
shown in Figure 3.

4. Discussion

According to our knowledge and literature review, this is
the first study to include the 3rd trimester of gestation in cows
to observe the relationship between ultrasonographic mea-
surements and gestational age; also it is the first ultrasono-
graphic study that evaluates the relationship between heart
width and gestational age in cow, and it is the second study
after publication of Hunnam et al. [11] that used
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Figure 1. Measurement means (mm) of distance between uterine walls, placentomes length and height, and umbilical cord that obtained by transabdominal
ultrasonography during the 2nd and 3rd trimester of gestation in cows.
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transabdominal ultrasonography for estimation of gestational
age in cows.

Placentomes length and height were increased clearly in our
study during the gestation age between <90 and 180 d, after that
length and width of placentomes were slightly increased, and
there was a significant correlation between the placentome
measurements and gestational age. Similar observation was re-
ported earlier in an anatomical study that found a significant
correlation between placentome length and size and age of
gestation in cows and significant increase in the length of the
placentomes from day 70 until day 190 and no significant dif-
ference between 190 and 280 d of gestation [5]. Our results agree
with transrectal ultrasonographic studies that showed a
significant relationship between placentome length and
gestational age between 60 and 180 d of gestation [10,13,14],
but our results disagree with those of Hunnam et al. [11] who
reported that gestational length between 73 and 190 d of
gestation was not significantly associated with placentome
height or length which were measured by transabdominal
ultrasonography.

Results of this study showed that distance between the
uterine walls was significantly increased until 170th day of
gestation and there was a significant relationship between this
measurement and gestational age in cows, this distance not
recorded previously in the ultrasonographic publications, but the
Figure 2. Measurement means (mm) of trunk width, heart width and intercosta
and 3rd trimester of gestation in cows.
same observations were shown between transrectal ultrasono-
graphic measurements of uterine diameter and bovine gesta-
tional age [7,11].

The obtained results of trunk and heart width and intercostal
distance that recorded in this study were significantly and lin-
early increased throughout 2nd and 3rd trimesters of gestation
in cows. Our results are in agreement with anatomical infor-
mation for the relation between fetal measurements and age of
pregnancy [18], and also agree with results that were obtained
by transrectal ultrasonography of fetus during the gestation
period between 60 and 150 d [7,8,19]. Trunk width that
recorded in this study was positively correlated with
gestational age, and similar high correlation was reported in
other ultrasonographic studies that used transrectal [6] and
transabdominal [11] transducer. Also the measurements of
intercostal distance were highly correlated with gestational
age in this study, except the information that published by
Kähn [6] who shown a positive correlation between
gestational age and intercostal space, no previous study was
compared this parameter with gestational age in cows. The
highest correlation was recorded in this study was between
heart width and cows gestational age, no ultrasonographic
information was published previously for the relationship
between heart measurement and bovine gestational age. This
parameter was measured in other studies that found a highly
l distance that obtained by transabdominal ultrasonography during the 2nd



Figure 3. Scatter plots and regression lines of the relationship between the gestational age and measurement of fetus and uterus during the 2nd and 3rd
trimester of gestation in cows.
y = gestational age, x = measurement obtained by transabdominal ultrasonography, R2 = squares of correlation coefficient.
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positive correlation between heart measurements and age of
gestation in sheep [16] and goats [15].

Current research shows that umbilical cord width was
correlated significantly with gestational age in cows, and this
measurement was increased significantly until 210 d of gesta-
tion. This finding agreed with results that published by Hunnam
et al. [11] who found a significant associated between gestational
age and umbilical diameter that measured via transcutaneous
ultrasound during the gestation age between 73 and 190 d.

In conclusion, transabdominal ultrasonography is a practical
method for bovine pregnancy diagnosis and monitoring of em-
bryo, and it is a reliable method for obtaining the fetal and
uterine measurements during the 2nd and 3rd trimesters of
gestation. The correlation coefficients between gestational age
and fetal measurements (width of trunk and heart and intercostal
distance) were higher than those of uterine measurements, and
the highest correlation was between heart width and gestational
age in cows.
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