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ABSTRACT

This study was carried out to evaluate testicular ultrasound as a breeding soundness examination (BSE) and biometric tool
for West African dwarf (WAD) buck goats. Twelve bucks of proven breeding capability were selected for this purpose. Scrotal
circumferences of these animals were measured using a flexible tape. Testicular ultrasound was carried out on the transverse
and longitudinal planes on the right and left testes. The electronic caliper on the ultrasound machine was used to measure
the testicular length, height and width from which the testicular volume was calculated using the prolate ellipsoid formula (PEF),
the prolate spheroid formula (PSF) and the Lambert formula (LF). These were compared with the true testicular volumes obtained
by the water displacement method (WDM). Results showed that the mean scrotal circumference was 17.48 + 0.31 cm. Testicular
echo-texture revealed homogenously greyish parenchyma with hyper-echoic mediastinum line in the middle. The scrotal wall
appeared as a hyper-echoic semi-circular border line at the caudo-dorsal portion of each testis. The heads of the epididymides
of the right and left testes appeared as a small roundish hypo-echoic structure on the caudo-ventral and cranio-ventral portions
of each testis respectively. Results of the parameters taken using the electronic caliper revealed that the mean width of both
testes was 7.24 + 0.16 cm. There was a high correlation between scrotal circumference and width of both testes measured
on the ultrasound machine. There were no statistically significant differences between the means of the left and right testes length,
height and width. Similarly, differences were not statistically significant in the testicular volumes obtained using the PEF and
WDM. However, the testicular volumes obtained using the PSF and LF were significantly higher than the true testicular volumes
obtained using the WDM. PEF was the best of the three formulae in estimating WAD buck testicular volume. In conclusion,
we suggest that testicular ultrasound will be valuable in the BSE and in measuring the important biometric parameters in WAD
buck goats.
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INTRODUCTION

The West African dwarf (WAD) goats are small
ruminants endowed with great breeding potential.
They are good sources of animal protein in terms of meat
and milk (Devendra, 1999). Nevertheless, for improved
production purposes, breeding soundness examination
(BSE) is a prerequisite to investigating the fertility
potentials of these animals. This is particularly more
important in the buck because at least five does can be

bred by one buck. The ratio is even many folds higher
in assisted insemination programmes (Arrebola et al.,
2012; Ajala et al., 2013). BSE includes the examination
for physical soundness, testicular consistency and size,
semen quality and mating ability (Ridler et al., 2012;
Menegassi et al., 2014). During this examination,
particular attention is given to the testes as it is the site
of production of sperm cells and testosterone. The sperm
cells are important for the fertilization of the ova
from the doe while testosterone is responsible
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for the production of sperm cells and other major
WAD buck goat sexual characteristics required
for efficient reproduction (Daramola et al., 2006; Udeh
and Oghenesode, 2011). Even though in the routine
BSE the testis is often palpated, the internal image
or condition cannot be easily assessed. Hence, diagnosing
normal and abnormal conditions of the testes is usually
a difficult task. However, testicular ultrasound or
sonogram offers a potential solution to this problem.
It uses reflected sound waves to produce images
of the testes, epididymis and scrotum. It is a safe, painless
and non- invasive procedure. It does not use X-rays or
other radiations and no side effects have been reported
so far. The technique involves the use of a probe
(transducer) to send sound waves into the testicular
tissues. Reflective structures are referred to as being
echogenic while the non-reflective ones are referred to
as anechoic. Highly reflective structures are termed
hyper-echoic while structures with low reflections are
referred to as hypo-echoic (Dina Ragheb and Higgins,
2002). With this, the characteristic features of the normal
and abnormal conditions of the testes and other
associated structures like the epididymis can be observed.
Research on testicular ultrasound has been carried out
in cattle (Yimer ef al., 2011), camel (Pasha et al., 2011),
sheep (Andrade et al., 2014), Alpine goats (Carazo et
al., 2014) and dogs (Camara et al., 2014) but no such
literature is available on WAD buck goats. Also, works
on the use of testicular ultrasound to take into account
the biometric parameters like testicular width, height
and volume has not been carried out on WAD bucks.
Some of these parameters are significant and have been
reported to be important correlates of fertility. Testicular
volume is an index of spermatogenesis. This is because
ninety eight percent of the testicular volume is made
up of seminiferous tubules which are responsible for
spermatogenesis (Kollin ef al., 2006). This study was
therefore carried out to evaluate testicular ultrasound as
a BSE and biometric tool for WAD buck goats.

MATERIAL AND METHODS

Animals

Twelve matured healthy WAD buck goats
of proven reproductive capability were selected for this
study. The parameters taken and procedures carried out
on these animals included:

Age: This was determined based on records from
the breeders and by using the dentition formula for goats
(Wosu, 2002).

Body weight: This was taken using bathroom scale
(Camry®) as described by Raji and Ajala, (2015).

Scrotal circumference (SC): This was taken using a flexible

tape as described earlier (Phillip and Okere, 2011;
Raji and Ajala, 2015).

Testicular ultrasound and biometrics: In carrying out
this, each buck was restrained by an assistant holding
the animal firmly with the two limbs separated such that
the testes were freely hanging caudally and at a distance of
about 10 cm away from the ultrasound machine (UM).
The testes were thoroughly cleaned with tissue paper
before ultrasound gel (UG) was applied generously
covering the entire testicular surface. The testes
of the WAD buck is only covered by a thin layer of hair,
hence there was no need for shaving. The UM was
connected to a stabilizer which was fixed to a light source.
The convex shaped transducer was then connected
carefully to the monitor and switched on to the real time
single B — mode at a frequency of 7.5 MHz. The UG
was also applied on the probe covering the entire surface
and then pressed gently on the surface of the testes.
The images produced on the monitor were frozen
and stored on the UM. Testicular ultrasound protocol
for the bucks involved viewing the transverse plane (TP)
for both testes, the right testis and the left testis; and
then on the longitudinal planes (LP) for the right testis
and the left testis. The testicular parameters measured
were: width of both testes (W-SC) which was taken
on the TP for both testes. This was measured from
the most lateral point of the right testis to the most
lateral point of the left testis using the electronic caliper
(Figure 1). The length of the testis (L) was taken on
the LP and was measured from the most cranial point
on the testis to the most caudal point of the testis using
the electronic caliper (Figure 2). The height of the testis
(H) was measured by placing the electronic caliper from
the highest ventral to the lowest dorsal points of the testes
on the LP (Figure 2). The width (W) was measured as
the widest diameter between the lateral and medial
aspects of the testes on the TP (Figure 3). The volume
of each testis was then calculated using three different
formulae namely the prolate ellipsoid formula (PEF)
— L x Hx W x 0.52 cm?, the prolate spheroid formula
(PSF) — L x W? x 0.52 ¢cm® and the Lambert formula
(LF)—LxHx W x 0.71 cm®. These were compared with
the true testicular volumes using the water displacement
method as described by Mbaeri et al. (2012).
The parameters measured were recorded and analyzed
(Sotos and Tokar, 2012). The UM used for this study
was Biocare Ultrasonic Diagnostic Equipment (Model:
BU —907). Images were displayed on grey scale.

Statistical analysis

The data obtained in this study were analyzed
using the Pearson Product Moment Correlation (PPMC)
and the Student t-test at the level of significance P < 0.05
using SPSS version 20.
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Fig. 1: Sonogram showing the width of both testes (A - B)
on the transverse plane

Fig. 2: Sonogram showing the length (C-D) and height (E-F)
of the right testes on the longitudinal plane
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Fig. 3: Sonogram showing the width of testis (G-H)
on the transverse plane

RESULTS

The bucks studied were between the ages 1 and
2 years. The average body weight and scrotal
circumference observed were 12.6 + 0.57 kg and
17.48 £ 0.31 cm respectively. Testicular ultrasound
revealed that on the TP and LP for the right and left
testes, testicular parenchyma appeared homogenously
greyish while the mediastinum testes appeared as a
white hyper-echoic thin line in the mid-section of the
testes. The scrotal wall appeared as a thick hyper-echoic
semi-circular layer forming a border line at the
caudo-dorsal portion of each testis on the TP (Figure 4).
The head of the epididymis of the right testis appeared
as a small roundish dark hypo-echoic structure
on the caudo-ventral part of the testes on the LP
(Figure 5); while the head of the epididymis for the left
testis appeared similar to that of the right testis but on
the cranio-ventral portion of the testes also on the LP
(Figure 6). The results for width of both the testes
(W-SC), length, height and width of the right and left
testes are as presented in Table 1. The mean W-SC
was 7.24 £ 0.16 cm. This was highly correlated
to the SC — 17.48 £ 0.31 cm (r = 0.94; p < 0.01). There
were no significant differences between the means

Homogenously
greyish testicular
parenchyma

Scrotal wall

Fig. 4: Sonogram showing the homogenously
greyish testicular parenchyma, and scrotal
walls on the transverse plane of the right and
left testes of the control group A buck
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Head of
epidydimis

Homogenously
greyish testicular
parenchyma

Scrotal wall

i

Fig. 5: Sonogram showing the head of the epidydimis,
testicular parenchma and scrotal wall of the right
testis on the longitudinal plane

Homogenously
greyish
testicular
parenchyma

Head of
epidydimis

Scrotal wall

Fig. 6: Sonogram showing the head of the epidydimis,
testicular parenchyma and scrotal wall of the left
testis on the longitudinal plane
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of the left and right testes length, height and width
(p=0.79, p=0.81, p = 0.82, at the level of significance
p < 0.05) respectively. The result for the testicular
volume for the WAD buck goats are as presented
in Table 2. There were no significant differences between
the means of the true testicular volumes obtained
by the WDM and the testicular volume obtained using
the PEF for the right testis (p = 0.83) and left testis
(p = 0.96) respectively. Similarly, no significant
differences could be noted when the testicular volumes
obtained by PSF were compared with those obtained
using the LF for the right testis (p = 0.65) and the left
testis (p = 0.47), respectively. However, the testicular
volumes calculated by using the PSF were significantly
higher than the true testicular volumes obtained
by the WDM for the right testis (p = 0.02) and the left
testis (p = 0.01), respectively. Similarly, no significant
differences were observed when the testicular volumes
obtained using the LF were compared with those obtained
by the WDM for the right testis (p = 0.03) and the left
testis (p = 0.02), respectively. The testicular volumes
calculated by using the PSF were significantly higher than
the testicular volumes obtained by the PEF for the right
testis (p = 0.02) and the left testis (p = 0.01), respectively.
Similarly, there were no significant differences when
the testicular volumes obtained using the LF were

compared with those obtained by the PEF for
the right testis (p = 0.02) and the left testis (p = 0.02),
respectively.

DISCUSSION

This study was conducted to evaluate testicular
ultrasound as a BSE and biometric tool for WAD buck
goats. The age, weight and scrotal circumference (SC)
of the WAD buck studied were similar to those reported
in matured WAD buck goats by Ugwu (2009). We also
observed that the testicular echo-texture of the WAD buck
goats were similar to those reported in fertile bulls (Ali et
al.,2011), rams (Ulker et al., 2005), camels (Pasha et al.,
2011) and Alapine goats (Carazo et al., 2014).

The width of both the testes (W-SC) measured
on the ultrasound machine was highly correlated
to the SC measured with the flexible tape. We suggest
that this could be taken as the SC when performing
testicular ultrasound. Further studies should be carried
out in this species and other species and breeds
of animals to establish and further standardize this
finding. We suggest this as a new finding to be adopted
in the improved clinical approach to BSE of WAD buck
goats.

Table 1: The testicular width of both testes, length, height and width of the of the right and left testis of West African
Dwarf bucks measured using the electronic caliper on ultrasound machine

Goats LRT (cm)  HRT (cm) WRT LLT HLT WLT WDBT
(cm) (cm) (cm) (cm) (cm)
1 6.03 2.61 3.65 591 2.52 3.49 7.14
2 5.98 2.53 3.50 6.03 2.54 3.70 7.20
3 5.87 2.58 3.44 5.89 2.58 3.66 7.10
4 6.19 2.57 373 6.07 2.56 3.48 721
5 5.92 2.48 3.57 5.88 2.51 3.81 7.38
6 5.83 2.54 3.71 5.79 2.52 3.53 7.24
7 6.23 2.59 3.65 6.12 2.53 3.69 7.34
8 5.97 2.50 3.40 591 2.49 3.54 6.94
9 5.83 2.61 3.76 5.80 2.59 3.80 7.56
10 6.16 2.50 3.59 6.07 2.50 3.62 7.21
11 5.94 2.55 3.61 5.86 2.56 3.60 7.21
12 5.87 2.56 3.72 5.92 2.51 3.64 7.36
5.99 2.55 3.61 5.94 2.53 3.63 7.24
+£0.14 +£0.04 +0.12 +0.11 +£0.03 £0.11 £0.16

P <0.05 level of significance.

LRT- length of right testis, HRT — Height of right testis, WRT — width of right testis, LLT — length of left testis, HLT — height of left testis,

WLT - width of left testis, WDBT — width of both testis.
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Table 2: The testicular volume of West African Dwarf bucks taken using the water displacement method, prolate
ellipsoid formula, prolate spheroid formula and Lambert formula (mean + standard deviation)

Goats Right Testis Left Testis
VWDM VPEF VPSF VLF VWDM VPEF VPSF VLF
(cm?®) (cm?®) (cm?®) (cm?®) (cm?®) (cm?®) (cm?®) (cm?®)
1 28.00 29.87 41.77 40.79 29.00 27.03 37.43 36.90
2 29.40 27.54 38.09 37.60 27.90 29.47 42.93 40.24
3 28.80 27.09 36.12 36.99 28.30 28.92 41.03 39.49
4 27.90 30.86 44.78 42.13 28.00 28.12 38.23 38.39
5 29.10 27.25 39.23 37.21 28.70 29.24 44.38 39.92
6 28.90 28.57 41.73 39.01 28.40 26.78 37.52 36.59
7 28.60 30.63 43.16 41.82 27.90 29.71 4333 40.57
8 28.00 26.39 35.89 36.03 28.40 27.09 38.51 36.99
9 28.50 29.75 42.86 40.62 27.90 29.68 43.55 40.53
10 29.30 28.75 41.28 39.25 28.40 28.57 41.36 39.00
11 27.90 28.43 40.25 38.82 28.10 28.08 39.49 38.34
12 28.60 29.07 42.24 39.69 29.40 28.13 40.79 38.40
28.58"d 28.68"0d 40.62" 39.167% 28.37h 28.40"eh 40.71 7" 38.78™et
+0.54 +1.43 +2.79 +1.95 +0.47 +1.04 +2.47 +1.42

P <0.05 level of significance.. *Significant acd i.e when column a is compared with column ¢ and d respectively etc.
VWDM - volume by water displacement method, VPEF — volume by prolate ellipsoid formula,
VPSF — volume by prolate spheroid formula, VLF — volume by Lambert formula.

The testicular ultrasound biometric study
also revealed that the mean length, height and width
of the right testis were 5.99 = 0.14 cm, 2.53 + 0.04 cm
and 3.61 + 0.12 cm, respectively; and the left testis were
5.94 £ 0.11 ¢cm, 2.53 £ 0.03 cm and 3.63 + 0.11 cm,
respectively. There were no significant differences when
these parameters were compared between the right and
the left testis. These are similar to the reports in humans
but with some variation in the values of these parameters,
probably due to species variation (Behre et al., 1989;
Kiridi et al., 2012). However, reports on these testicular
biometric parameters are scarce in the animal species.
Further studies should be carried out for comparison
and most importantly for improved production.
This is the first report on these testicular ultrasound
biometric parameters in WAD buck goat as far as the
literature suggests. Also, the mean testicular volumes
by VWDM, PEF, PSF and LF for the right testis were
28.58 £0.54 cm?, 28.68 £ 1.43 cm?, 40. 62 £2.79 cm? and
39.16 cm?, respectively; and those for the left testis were
28.37 £ 0.47 cm’, 28.40 £ 1.04 cm?®, 40.71 £ 2.47 cm?
and 38.78 + 1.42 cm?, respectively. The PEF estimated
testicular volumes closest to the true testicular volumes
obtained by WDM without any significant difference.
However, the PSF and LF over-estimated the testicular

volume in these WAD buck goats, in our own view.
We suggest that the PEF is the best of the three formulae,
in estimating the testicular volume of the WAD buck
breed of goat. Further studies should be carried out
to fully establish this in these animals and other breeds
and species as well. Souza et al. (2012) used the PEF
to estimate testicular volumes in canine species. But
they did not compare this with the other formulae and
methods used by us in this study. However, Paltiel
etal. (2002) compared these three formulae also in canine
species and recommended the LF as the preferred
formula for clinical practice. In humans, the LF was
also reported to be the preferred formula for estimating
testicular volume (Sotos and Tokar, 2012; Kiridi et al.,
2007). This variation may be due to species differences
but as far as this study is concerned, as suggested, the PEF
is the preferred formula for testicular volume estimation
in the WAD buck goat. These findings for the first time
suggest these as valuable source of animal protein thus
offering a new, more accurate, none invasive method
of evaluating testicular volume which can be adopted
to replace the invasive methods which require the
removal of testes before testicular volume can be
calculated (Franca et al., 2000). These alternatives offered
by the use of TU in evaluating important testicular
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parameters such as SC and TV will lead to a better
clinical approach to predicting fertility potentials and
possible rapid diagnosis of infertility problems that are
related to testicular dysfunctions in WAD buck goats.
These are accrued to the fact that SC has been reported
to be a significant correlate of fertility in buck goats
(Bongso et al., 1982; Raji et al., 2008; Ugwu, 2009).
Also, TV has been documented to be an important index
of spermatogenesis because about 98 % of the testis
is made up of the seminiferous tubules where sperm cells
are produced (Kollin et al., 20006).

CONCLUSION

In conclusion, this study has shown that testicular
ultrasound is a potentially valuable tool in the BSE and
in measuring important testicular biometric parameters
such as SC and testicular volume particularly by using
the prolate ellipsoid formula (PEF) in WAD buck goats.
Therefore, we suggest that its use and introduction into
the BSE programmes of these bucks should be encouraged.
Adoption and use of the findings of this study can go
a long way in improving the WAD buck goat production
thereby leading to availability of more supply of animal
proteins.
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