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ABSTRACT

Until recently, early pregnancy detection in goats was not practical or unreliable.
Ultrasonography diagnosis was reported to be an alternative and effective tool to detect
pregnancy. The objectives were: 1) to determine the efficacy of ultrasonography in goat
pregnancy detection, 2) to monitor the foetal development using transrectal (TR) and
transabdominal (TA) probes, 3) to predict the specific and combination of structures
observed for each stage of pregnancy, 4) to estimate age of foetus with specific and
combination of structures observed and 5) to confirm the accuracy of specific and
combination of structures in estimating the age of foetal. Pregnancy diagnosis was
performed using a real-time B-mode scanner equipped with TR (7.5 MHz) and TA (5.0
MHz) transducers. Gestation period was categorized into five stages, i.e. initial, early,
middle, late and final stages. In Experiments 1 and 2, a total of 9 and 13 naturally oestrus
does were scanned using TR and TA probes, respectively. Foetal development and related
structures were obtained as fact findings along gestation period. In Experiments 3 and 4, a
total of 95 and 150 does were diagnosed along gestation period to obtain specific and
combination of structures using TR and TA probes, respectively. In Experiment 5,
confirmation on reliability of specific and combination of structures for each stage of
gestation obtained from Experiments 3 and 4, were carried out in 75 does. The highest
predictive values (100%) for specific and combination of structures during early stage of
gestation were detection of sac, non-echogenic (NE) area and foetus-heartbeat-uterine wall-
amniotic fluid. During middle stage of pregnancy, detection of combination on foetus-
heartbeat, placentomes-foetus-heartbeat and foetus-heartbeat-spinal cord-ribs gave 100%

predictive values each. Predictive accuracy for combinations of structures in late stage,
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placentomes-foetus-heartbeat-spinal cord-ribs, placentomes-foetus-heartbeat-spinal cord-
ribs-foetal organ; and foetus-heartbeat-spinal cord-ribs-foetal organ were 100, 80, and
100%, respectively. During final stage of gestation, only placentomes were detected and
gave 100% predictive value. Accuracy on prediction of pregnancy status and age estimation
for each stage of gestation i.e. early, middle, late, and final stages probes were 100, 100, 97
and 100%, respectively. Early detection of pregnancy is promising with TR probe. Images
captured enable operators to determine stages of gestation in an effort to improve
reproductive efficiency. TR probe is suitable for early pregnancy detection whereas TA
probe is more practical to later stage of pregnancy. Both probes were needed to ensure the
effectiveness in pregnancy diagnosis. Therefore, ultrasound scanning technology could be
coupled with other reproductive technologies i.e. Al and cryopreservation to be used
routinely and efficiently in the goat farm management. In conclusion, B-mode
ultrasonography in caprine pregnancy diagnosis was efficient in detection of pregnancy as
early as day 23 of gestation and gave high predictive value in estimating different stages of

pregnancy using TR and TA probes.
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ABSTRAK
Sehingga kini, kaedah mengesan kebuntingan di peringkat awal dalam kambing adalah
tidak menyakinkan. Diagnosis pengesan ultrabunyi telah dilaporkan sebagai pilihan
alternatif dan kaedah yang efektif untuk mengesan kebuntingan. Tujuan kajian adalah: 1)
untuk menentukan keberkesanan pengesan ultrabunyi dalam mengesan kebuntingan 2)
untuk memerhati perkembangan fetus menggunakan prob tramsrectal (TR) dan
transabdominal (TA), 3) untuk memberi andaian struktur spesifik dan kombinasi struktur-
struktur bagi setiap peringkat kebuntingan 4) untuk memberi andaian umur fetus dengan
struktur spesifik dan kombinasi struktur-struktur dan 5) untuk mengesahkan ketepatan
struktur spesifik dan kombinasi struktur-struktur dalam menentukan umur fetus. Diagnosis
kebuntingan dijalankan menggunakan mesin pengesan real-time B-mode yang dilengkapi
prob TR (7.5 MHz) dan TA (5.0 MHz). Tempoh kebuntingan telah dikategorikan kepada 5
peringkat, contohnya, peringkat permulaan, awal, pertengahan, lewat dan akhir. Dalam
Eksperimen 1 dan 2, sejumlah 9 dan 13 ekor kambing betina yang estrus semulajadi
didiagnosis menggunakan prob TR dan TA, masing-masing. Perkembangan fetus dan
struktur berkaitan diperolehi sebagai penemuan asas sepanjang tempoh kebuntingan. Dalam
Eksperimen 3 dan 4, sejumlah 95 dan 150 kambing betina didiagnosis sepanjang tempoh
kehamilan bagi memperolehi struktur spesifik dan kombinasi struktur-struktur
menggunakan prob TR dan TA, masing-masing. Dalam Eksperiman 5, pengesahan
kebolehharapan struktur spesifik dan kombinasi struktur-struktur untuk setiap peringkat
kehamilan yang didapati dari Eksperimen 3 dan 4 dijalankan ke atas 75 kambing betina.
Nilai ketepatan andaian dengan peratusan tertinggi (100%) untuk struktur spesifik dan

kombinasi struktur-struktur di peringkat awal kehamilan adalah karung, kawasan tidak
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bergema dan fetus-degupan jantung-dinding uterin-cecair amniotik. Semasa peringkat
pertengahan, kombinasi fetus-degupan jantung, placentum-fetus-degupan jantung dan
fetus-degupan jantung-tulang belakang-tulang rusuk yang dikesan memberi 100%, masing-
masing. Nilai ketepatan andaian bagi kombinasi struktur-struktur pada peringkat lewat
adalah placentum-fetus-degupan jantung-tulang belakang-tulang rusuk, placentum-fetus-
degupan jantung-tulang belakang-tulang rusuk-organ dalaman fetus dan fetus-degupan
jantung-tulang belakang-tulang rusuk-organ dalaman fetus adalah 100, 80 dan 100%,
masing-masing. Semasa peringkat akhir kehamilan, hanya placentum yang telah dikesan
dan memberi 100% nilai ketepatan andaian. Ketepatan dalam mengandaikan status
kebuntingan dan umur fetus bagi setiap peringkat adalah 100, 100, 97 dan 100%, masing-
masing. Pengesanan awal untuk kebuntingan adalah menjanjikan dengan prob TR. Imej
yang diambil membolehkan operator menentukan peringkat kebuntingan bagi
meningkatkan keberkesanan pembiakbakaan. Prob TR lebih sesuai mengesan kebuntingan
pada peringkat awal manakala prob TA lebih praktikal untuk kebuntingan peringkat akhir.
Kedua-dua prob diperlukan bagi memastikan keberkesanan dalam diagnosis kehamilan ini.
Oleh itu, teknologi pengesanan ultrabunyi boleh digandingkan dengan kaedah pembiakan
teknologi yang lain e.g. permanian beradas dan penyejukbekuan untuk dijadikan rutin dan
secara berkesan dalam pengurusan ladang kambing. Kesimpulannya, mesin ultrabunyi B-
mode adalah berkesan dalam diagnosis kebuntingan kambing seawal 23 hari dan memberi
nilai ketepatan andaian yang tinggi dalam menentukan peringkat-peringkat kebuntingan

yang berbeza menggunakan kedua-dua prob.
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was detected on day 26 of gestation (early stage). Image
(B) is a labeled image

Image (A) is an original image. Foetus with heartbeat and
amniotic fluid were detected on day 28 of gestation (early
stage). Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat
were detected on day 31 of gestation (early stage). Image
(B) is a labeled image

Image (A) is an original image. Foetus with heartbeat and
amniotic fluid were detected on day 33 of gestation (early

stage). Image (B) is a labeled image
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Figure 4.64

Figure 4.65

Figure 4.66

Figure 4.67

Figure 4.68

Figure 4.69

Figure 4.70

Figure 4.71

Figure 4.72

Figure 4.73

Figure 4.74

Figure 4.75

Figure 4.76

Image (A) is an original image. Foetus with heartbeat and
amniotic fluid were detected on day 36 of gestation (early
stage). Image (B) is a labeled image

Image (A) is an original image. Foetus and heartbeat were
detected on day 60 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Placentomes were
detected on day 60 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Foetus and heartbeat were
detected on day 60 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Placentomes were
detected on day 60 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Foetus and heartbeat were
detected on day 65 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Placentomes were
detected on day 65 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Foetus and heartbeat were
detected on day 75 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Placentomes was detected
on day 75 of gestation (middle stage). Image (B) is a
labeled image

Image (A) is an original image. Foetus and heartbeat were
detected on day 77 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Placentomes were
detected on day 77 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Foetus and heartbeat were
detected on day 82 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Foetus and heartbeat were
detected on day 82 of gestation (middle stage). Image (B)
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Figure 4.77

Figure 4.78

Figure 4.79

Figure 4.80

Figure 4.81

Figure 4.82

Figure 4.83

Figure 4.84

Figure 4.85

Figure 4.86

Figure 4.87

Figure 4.88

is a labeled image

Image (A) is an original image. Foetus and heartbeat were
detected on day 70 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Placentomes were
detected on day 70 of gestation (middle stage). Image (B)
is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord and ribs were detected on day 90 of gestation
(late stage). Image (B) is a labeled image

Image (A) is an original image. Placentomes were
detected on day 90 of gestation (late stage).Image (B) is a
labeled image

Image (A) is an original image. Placentomes were
detected on day 91 of gestation (late stage). Image (B) is a
labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord and ribs were detected on day 91 of gestation
(late stage).Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord and ribs were detected on day 93 of gestation
(late stage). Image (B) is a labeled image

Image (A) is an original image. Placentomes were
detected on day 93 of gestation (late stage).Image (B) is a
labeled image

Image (A) is an original image. Placentomes, foetus with
heartbeat and foetal organ were detected on day 95 of
gestation (late stage).Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day 98
of gestation (late stage).Image (B) is a labeled image

Image (A) is an original image. Placentomes were
detected on day 98 of gestation (late stage).Image (B) is a
labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day
109 of gestation (late stage).Image (B) is a labeled image

XX

156

157

158

159

160

161

162

163

164

165

166

167



Figure 4.89

Figure 4.90

Figure 4.91

Figure 4.92

Figure 4.93

Figure 4.94

Figure 4.95

Figure 4.96

Figure 4.97

Figure 4.98

Figure 4.99

Figure 4.100

Figure 4.101

Image (A) is an original image. Placentomes were
detected on day 109 of gestation (late stage).Image (B) is
a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day 98
of gestation (late stage). Image (B) is a labeled image

Image (A) is an original image. Placentomes were
detected on day 98 of gestation (late stage).Image (B) is a
labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day
106 of gestation (late stage).Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord and foetal organ were detected on day 106 of
gestation (late stage).Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day
119 of gestation (late stage). Image (B) is a labeled image

Image (A) is an original image. Placentomes were
detected on day 119 of gestation (late stage).Image (B) is
labeled a image

Image (A) is an original image. Foetus with heartbeat
were detected on day 111 of gestation (late stage). Image
(B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day
111 of gestation (late stage). Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord and ribs were detected on day 97 of gestation
(late stage). Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord and ribs were detected on day 111 of gestation
(late stage). Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day
111 of gestation (late stage). Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
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Figure 4.102

Figure 4.103

Figure 4.104

Figure 4.105

Appendix
Figure 1.1

Appendix
Figure 1.2

Appendix
Figure 1.3

Appendix
Figure 1.4

spinal cord, ribs and foetal organ were detected on day 96
of gestation (late stage). Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day
103 of gestation (late stage). Image (B) is a labeled image

Image (A) is an original image. Foetus with heartbeat,
spinal cord, ribs and foetal organ were detected on day
101 of gestation (late stage). Image (B) is a labeled image

Image (A) is an original image. Placentomes were
detected on day 137 of gestation (final stage). Image (B)
is a labeled image

Image (A) is an original image. Placentomes were
detected on day 143 of gestation (final stage). Image (B)
is a labeled image

Appendix Figure

Image (A) is an original image of transrectal
ultrasonography images of the uterine horns on a non-
pregnant goat day 18 after mating in Anglo-Nubian goats.
Note the absence of discrete non-echogenic areas in the
uterine lumen cranial to the urinary bladder (b). Image
(A1) is a labeled image

Image (B) is an original image transrectal
ultrasonographic images of the uterine horns on day 18
after mating in Anglo-Nubian goats. Ultrasonography of
the uterine horn in a pregnant goat showing a round non-
echogenic area in the uterine lumen (arrow). Image (B1) is
a labeled image

Image (C) is an original image transrectal ultrasonography
images of the uterine horns on day 18 after mating in
Anglo-Nubian goats. Image of the uterine horn in a
pregnant goat showing an elongated non-echogenic area
in the uterine lumen arrows. Image (C1) is a labeled
image

Image (A) is an original image transrectal ultrasonography
images of uterine horns in pregnant goats. Embryo
(arrow) measuring 8 mm on day 23 after mating. Image
(A1) is a labeled image
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Appendix
Figure 1.5

Appendix
Figure 1.6

Appendix
Figure 1.7

Appendix
Figure 1.8

Appendix
Figure 1.9

Appendix
Figure 1.10

Appendix
Figure 1.11

Appendix
Figure 1.12

Appendix
Figure 1.13

Image (B) is an original image transrectal ultrasonography
images of uterine horns in pregnant goats. Embryo
(arrow) on day 40 after mating. The embryo measures 36
mm from the crown to rump. Image (B1) is a labeled
image

Image (A) is an original image. Ultrasound image of the
urinary bladder (black sphere; arrow) in goats obtained
using a 7.5 MHz transrectal transducer. Image (Al) is a
labeled image

Image (A) is an original image. Ultrasound image of non-
pregnant uterus in goats obtained using a 7.5 MHz
transrectal transducer. The uterus appears as a spherical
structure with a medium echogenic density. Image (A1) is
a labeled image

Image (A) is an original image. Ultrasound image of early
pregnant uterus using a 7.5 MHz transrectal transducer on
day 21 post-mating (arrow). The fluid-filled sacs were
round or oblong in shape. Image (A1) is a labeled image

Image (A) is an original image. Ultrasound images of a
goat embryo on day 30 of gestation obtained using a 7.5
MHz transrectal transducer. The embryo (E, arrow) is
observed as an area of high echoic density. Image (Al) is
a labeled image

Image (A) is an original image. Ultrasound images of a
goat embryo on day 35 of gestation obtained using a 7.5
MHz transrectal transducer. Image B shows the umbilical
cord (arrow). Image (A1) is a labeled image

Image (A) is an original image. Typical images observed
by transrectal real-time ultrasonography with a 7.5 MHz
linear-array transducer. Uterus of a non-pregnant doe
(visible as a fuzzy ellipsoid structure). Image (A1) is a
labeled image

Image (A) is an original image. Typical images observed
by transrectal real-time ultrasonography with a 7.5 MHz

linear-array transducer. Fluid-filled vesicle in the uterine

lumen of a doe 22 days pregnant. Image (A1) is a labeled
image

Image (A) is an original image. Typical images observed
by transrectal real-time ultrasonography with a 7.5 MHz
linear-array transducer. Larger foetus (head to the left)
and umbilical cord of a doe 34 days pregnant. Image (A1)
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Appendix
Figure 1.14

Appendix
Figure 1.15

Appendix
Figure 1.16

Appendix
Figure 1.17

Appendix
Figure 1.18

Appendix
Figure 1.19

Appendix
Figure 1.20

Appendix
Figure 1.21

Appendix
Figure 1.22

is a labeled image

Image (A) is an original image. Ultrasound images of twin
pregnancy (arrows) on day 40 of gestation obtained using
5.0 MHz transabdominal transducer. Image (Al) is a
labeled image

Image (A) is an original image. Ultrasound images of
placentomes in goats (arrows) obtained on day 35 (A)
using 7.5 MHz transrectal transducer. Image (Al) is a
labeled image

Image (B) is an original image. Ultrasound images of
placentomes in goats (arrows) obtained on day 60 (B) of
gestation using 5.0 MHz transabdominal transducer (note
that placentomes are visible as small nodules on day 35
and become C or O shape later and increased in size as in
image (B). Image (B1) is a labeled image

Image (A) is an original image. Ultrasound images of the
thorax in a goat foetus at 2 months of gestation obtained
using a 5 MHz transabdominal transducer (arrows). Image
(A1) is a labeled image

Image (A) is an original image. Ultrasound images of a
long bone (radius; A) goat foetus on day 70 of gestation
obtained using a 5 MHz transabdominal transducer.
Image (A1) is labeled image

Image (B) is an original image. Ultrasound images of a
head (B) of a goat foetus on day 70 of gestation obtained
using a 5 MHz transabdominal transducer. Image (B1) is a
labeled image

Image (A) is an original image showing a female foetus
with 45 days of pregnancy showing tail (T) and genital
tubercle (GT). The ultrasound frequency was 6.0 MHz for
all the images

Image (B) is an original image showing a female foetus
with 48 days of pregnancy showing genital tubercle (GT)
and umbilical cord (UC). The ultrasound frequency was
6.0 MHz for all the images

Image (C) is an original image showing female foetus
with 58 days of pregnancy showing vulva (V), umbilical
cord (U) and the ultrasound frequency was 6.0 MHz for
all the images
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Appendix
Figure 1.23

Appendix
Figure 1.24

Appendix
Figure 1.25

Appendix
Figure 1.26

Appendix
Figure 1.27

Image (D) is an original image showing male foetus with
60 days of pregnancy showing scrotal bag (SB). The
ultrasound frequency was 6.0 MHz for all the images

Image (A) is an original image. Linear-array echographic
images of the caprine foetus during the last three weeks of
gestation. In all four instances the cranial part of the
foetus is to the left, the caudal part to the right. The
abdominal wall and uterine wall must be thought of as the
base of each figure.

A: thorax and anterior abdomen showing the foetal ribs,
the heart, abomasum and the upper part of a frontleg
Image (A1) is a labeled image

Image (A) is an original image. Linear-array echographic
images of the caprine foetus during the last three weeks of
gestation. In all four instances the cranial part of the
foetus is to the left, the caudal part to the right. The
abdominal wall and uterine wall must be thought of as the
base of each figure.

B: thorax and abdomen showing the heart, dorsal aorta,
part of the foetal stomach and one of the kidneys. Image
(A1) is a labeled image

Image (A) is an original image. Linear-array echographic
images of the caprine foetus during the last three weeks of
gestation. In all four instances the cranial part of the
foetus is to the left, the caudal part to the right. The
abdominal wall and uterine wall must be thought of as the
base of each figure.

C: caudal part of the abdomen showing the dorsal aorta
and the two kidneys. Image (A1) is a labeled image

Image (A) is an original image. Linear-array echographic
images of the caprine foetus during the last three weeks of
gestation. In all four instances the cranial part of the
foetus is to the left, the caudal part to the right. The
abdominal wall and uterine wall must be thought of as the
base of each figure.

D: thorax and anterior abdomen showing the junction of
the umbilical vein and the posterior vena cava (i.e. ductus
venosus). Image (A1) is a labeled image
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