)

¥

Anim. Reprod., v.11, n.2, p.110-118, Apr./Jun. 2014

Testicular and epididymal ultrasonography in Santa Inés lambs raised in Brazil

A.K.G. Andrade!, A.T. Soares'?, F.F. Freitas?, S.V. Silval, C.E. Pefia-Alfaro®,
A.M. Batista', M.M.P. Guerra*

*Andrology Laboratory (ANDROLAB), Veterinary Medicine Department, UFRPE, Recife, PE, Brazil.
%State Company for Agricultural Research in Paraiba S/A, EMEPA, Jodo Pessoa, PB, Brazil.
3Federal University of Campina Grande, Patos, PB, Brazil.

Abstract

The objective of this work was to study,
through ultrasonographic evaluation, changes in testes
and epididymides of clinically healthy, peripubertal and
pubertal Santa Inés lambs raised in Brazil. Periodic
evaluations of weight, biometric characteristics (scrotal
circumference, width and length) and ultrasound
examinations of the testes and epididymides of 20 lambs
were performed between 84 and 280 days old at
intervals of 28 days. Scans were performed in the
sagittal, transverse, frontal and oblique planes to
evaluate the echotexture of the testicular parenchyma
and mediastinum and the tail epididymis as well as the
thickness and width of the mediastinum testis. The
testicular parenchyma demonstrated a homogeneous
echogenicity pattern ranging from low to moderate. The
echogenicity of testicular parenchyma increased in
direct proportion to animal age, being higher in pubertal
lambs when compared to prepubertal at the same age.
The mediastinum testis was observed in 100% of the
evaluated animals, regardless of the scan plane used,
and was classified as diffuse or moderately or highly
echogenic. Echogenicity and the thickness of the
mediastinum testis increased in direct proportion to
animal age. The epididymal tail was presented in
hypoechoic relation to the testicular parenchyma. Based
on these results, it was concluded that ultrasound is
useful tool for selection and morphophysiological
evaluation of Santa Inés lambs on peripubertal and
pubertal phases, when used in combination with other
methods such as semen evaluation.
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Introduction

Sheep farming is of great importance for the
Brazilian agribusiness, especially in the northeast and
south regions where the largest producers are located. In
this context, the Santa Inés breed emerged as an
excellent alternative for producers seeking productive
animals that were well adapted to Brazilian climatic
conditions. This breed also has high prolificacy, early
maturity and good maternal ability (Sousa et al., 2003),

“Corresponding author: mpguerra@dmv.ufrpe.br
Phone: +55(81)3320-6412; Fax: +55(81)3320-6057
Received: May 12, 2013

Accepted: April 8, 2014

which are essential for productivity and reproductive
performance.

The use of adequate biotechnology has allowed
genetic improvements in livestock and a consequent
increase in productivity. Among these biotechnologies,
ultrasound imaging has been widely used in
reproductive clinical examinations. Ultrasound (US) is a
rapid and noninvasive andrology technique that,
coupled with data from clinical examinations, may lead
to early diagnosis of disorders of the testes and related
structures (Pechman and Eilts, 1987). Because it is
easily accessible and does not cause deleterious effects,
US is the diagnostic method of choice in the initial
evaluation of the scrotum and its contents (Saito and
Cerri, 1999).

The main functions of US are to evaluate
anatomical structures and determine the echogenicity of
testicular parenchyma and mediastinum (Chandolia et
al., 1997; Clark et al., 2003). It can also be useful in
monitoring progressive changes that occur in testis at
different stages of maturation (Ahmad and Noakes,
1995), as some authors observed an increased
echogenicity of testicular parenchyma in direct
proportion with age (Hamm and Fobbe, 1995;
Chandolia et al., 1997; Brito et al., 2004). According to
Tapping and Cast (2008), testes of prepubertal animals
had low to medium echogenicity, whereas testes of
postpubertal animals demonstrated medium
homogeneous echogenicity.

Some studies involving US assessment of
normal and pathological genitals of males have been
conducted in bulls (Pechman and Eilts, 1987; Chandolia
et al., 1997), rams (Cartee et al., 1990; Ahmad et al.,
1991; Ahmad and Noakes, 1995; Gouletsou et al., 2003;
Andrade Moura et al., 2008; Juca et al., 2009), goats
(Ahmad et al., 1991; Ahmad and Noakes, 1995) and
other mammals (Pugh et al., 1990; Love, 1992; Clark
and Althouse, 2002; Pozor, 2005; Ball, 2008). However,
despite the advantages of this diagnostic method, there
is little information about testis aspects by ultrasound
image in domestic animals.

Given the importance of US as a
complementary diagnostic method in andrological
examination and in  monitoring  progressive
physiological changes that occur in the genitalia of
young males and because of the lack of information
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regarding its use in the ovine species, this work aimed
to study changes in testes and epididymides of clinically
healthy, peripubertal and pubertal Santa Inés lambs
raised in Brazil by means ultrasonographic evaluation.

Materials and Methods

The experiment was carried out at the
Benjamin Maranhdo Experimental Station in Tacima
City, Paraiba State, Brazil (06°29’18°’S and
35°38’14”°W) at an altitude of 168 m, with a tropical,
semiarid climate and a mean annual precipitation of
431.8 mm®. We used 20 clinically healthy Santa Inés
lambs raised under semi-intensive management with
access to native pasture, silage corn and sorghum,
commercial concentrate [maize based concentrate
(52.5%), wheat bran (30%), soybean (15%), ammonium
chloride (0.5%), limestone (1%) and mineral salt (1%)]
and water and mineral salt ad libitum.

During selection and prior to each evaluation
point in this study, animals were subjected to
andrological exams in order to detect possible diseases
that could interfere with their reproductive potential.
The examination included a general clinical evaluation
(inspection of body condition and presence of hereditary
defects and functionality of the nervous, respiratory,
circulatory, digestive and musculoskeletal systems) and
morphological evaluation of the genitalia (inspection
and palpation of the scrotum, testis, epididymis,
spermatic cords, prepuce and penis).

Periodic evaluations of weight development,
measurements of biometric characteristics of the testis
(scrotal circumference, width and length), ultrasound
examinations of the testis and epididymis and semen
collections were performed by the same technician from
weaning (approximately 84 days old) at intervals of 28
days until all lambs had reached puberty which was
defined according to Wolf et al. (1965), when the
ejaculate showed sperm motility rate above 10% with at
least 50 x 10° cells/ml. Semen collections and analyses
were performed using an electro-ejaculation method and
ejaculates were evaluated by macroscopic (appearance,
color and odor) and microscopic (wave motion,

motility, sperm vigor, concentration and sperm cell
morphology) characteristics, according to methods by
Mies Filho (1987).

To estimate weight development, the animals
were weighed individually on a mechanical scale at
each evaluation. Scrotal circumference (SC) was
measured in centimeters (cm) using a millimeter tape on
the portion of greatest diameter of the scrotum.
Testicular length (TL) and width (TW) were measured
with a caliper, and the results are expressed in
centimeters. To measure the TL, testes were measured,
excluding the epididymal tail in dorsal-ventral direction.
TW was measured in the middle portion of each testis in
the lateral-medial direction. Testicular volume (TV) was
determined using the mathematical equation of the
spheroid prolate proposed by Bailey et al. (1998): TV =
2 x [4/3 x m x (TL/2)2 x (TW/2)]; TV was expressed in
cm® and represented the average of both testes.

Ultrasonographic evaluations of the testis were
carried out using a Falco Vet 100 (Pie Medical;
Holland) connected to a linear array transducer with a
frequency of 8.0 MHz and a printer (Sony, Sao Paulo,
Brazil) for image documentation. All evaluations were
performed by a single professional, and the ultrasound
device was adjusted in a straightforward manner at the
beginning of each working day to minimize the
variables that could interfere in the study. Rams were
physically restrained by two assistants while the testes
were immobilized without pressure, and each testis was
scanned in the sagittal, transverse, frontal and oblique
planes (Fig. 1) to evaluate the testicular parenchyma
echotexture, the mediastinum testis (MT) and
epididymal tail. The oblique scan plane was used only
for evaluation of the epididymal tail. Evaluations of
epididymal body and head were not performed because
the use of a linear array transducer hindered the contact
between the transducer and these structures.

Measurements of the mediastinum thickness (frontal
plane) and testicular width (transverse plane) were
performed by ultrasound in both testes. Measurements
of the testis width performed with ultrasound were
compared with the measurements done with a caliper.
Both were measured in centimeters.

Figure 1. Image demonstrating ultrasound examination in the frontal (A), sagittal (B) and transverse planes (C) in

the testis of Santa Inés lamb.
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Descriptive statistics were performed on
various aggregations of data collected on the
echogenicity of the testis and related structures.
Statistical Analysis System, version 8.0, 2000, was used
for the statistical analysis of semen characteristics and
testicular data. An analysis of variance (ANOVA) was
performed, and differences between means were
compared using the Tukey-Kramer multiple comparison
test at a 5% significance level. The measurements of the
testis width obtained with caliper were compared with
those obtained in the ultrasound images scanned in
transverse plane, and the means were analyzed using a Z
test at a 1% significance level. The thickness of the
mediastinum testis (cm), scrotal circumference (cm) and
testicular volume (cm®) were analyzed using linear
regressions of these variables as a function of age.

Results

General clinical examination and morphological

evaluation of the external genitalia of the lambs (by
inspection and palpation), performed at selection and prior
to each time point of the experiment, did not detect any
abnormalities. The testes were symmetrical with
homogeneous consistency, had free mobility within the
scrotum and were absent of a pain reaction. The
epididymides and spermatic cords were easily palpated,
and like other structures, had no apparent clinical changes.

The average age at puberty was 194.6 = 44
days, with a mean body weight of 23.24 + 2.51 kg and
average scrotal circumference of 20.5 + 1.8 cm. The
semen evaluation from pubertal animals showed a
progressive increase of the microscopic characteristics
of ejaculates with progressive decrease of sperm
morphological defects, showing significant differences
(P < 0.05) between 140 and 280 days of age for wave
motion, progressive motility, concentration and total
defects. All parameters were highly variable between
animals and between ejaculates from the same animal
(Table 1).

Table 1. Semen parameters (mean + SD) of pubertal lambs of Santa Inés breed at different ages.

Age Wave motion PM Vigor Concentration Total defects
(days) (0-5) (%) (0-5) (x10%) (%)
140 0.7+0.6% 16.7 + 11.5% 1.3+0.6 02+01® 18.67 + 2.51°
168 1.0+0.8° 23.0+13.4° 21+06 04+0.2% 16.60 + 3.63%
196 1.4 +1.3 35.0+20.3° 23+10 0.9+0.8% 16.07 + 3.41%
224 1.7+12%® 475+21.1" 26+1.1 1.0+0.8® 14.88 + 5.44%
252 23+14® 50.0+21.1"  2.9+0.9 1.4+1.1%® 13.06 + 5.30®
280 2.7+09° 54.0 + 19.0° 29+0.8 1.7+1.1° 10.15 + 4.04°

PM = progressive motility. Different superscripts in the same column indicate statistical difference (P < 0.05).

At ultrasonography, the testicular parenchyma
(TP, Tables 2 and 3) appeared homogeneous, ranging
from low (Fig. 2A and 2B) to moderate echogenicity
(Fig. 2C and 2D), regardless of the testis (right or left) and
the scan plane used, increasing in direct proportion to the
animal age. Furthermore, when comparing the testes of
prepubertal and pubertal lambs of the same age, there was
predominance of images with low echogenicity in
prepubertal animals and moderate echogenicity in those
that had reached puberty (Table 3).

The mediastinum testis (MT; Table 2) was
visualized in 100% of evaluated animals, presenting as a
hyperechoic line of variable thickness in the center of
the testicular parenchyma when scanned in the frontal
plane and as a point in the center of hyperechogenic
parenchyma when scanned in the transverse plane. The
MT was classified as having moderate (Fig. 2E and 2H),
high (Fig. 2F and 2I) or diffuse (Fig. 2G) echogenicity,
showing increased echogenicity and thickness in direct
proportion with the animal age. Although it appears less
frequently than moderately and highly echogenic MT,
diffuse-type MT was found in all ages. It should be
highlighted that in two animals (10%), this diffuse MT
appeared hypoechoic when compared to TP, but earlier
in one animal (at 140, 168 and 196 days of age) than in
the other (168, 196 and 224 days old).
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The epididymal tail (ET; Table 2), also clearly
visualized in 100% of animals, had reduced echogenicity
when compared to TP in most images analyzed (Fig. 3A).
However, in some animals aged between 84 and 168 days,
it was isoechoic regarding TP.

The scrotal septum was seen as a hyperechoic
line between the right and left testes (Fig. 3B). Testicular
tunics were identified close to the scrotum (Fig. 3C).

The pampiniform plexus (Fig. 3D) was clearly
visualized in the sagittal and transverse planes,
especially with increasing age when the testes become
more pendulous, being less echogenic than the testicular
parenchyma and composed of numerous anechoic
tubular structures.

The mean values of scrotal circumference (SC),
testicular volume (TV), testicular width with calipers
(TWC), testicular width in ultrasound (WTUS) and
thickness of MT at each evaluation are presented in Table
4. There was no significant difference (P > 0.05) between
the right and left testes for TWC, WTUS and MT.

The mean testicular width obtained with calipers
(WTC) was 3.49 cm while the average on the ultrasound
(WTUS) was 3.03 cm, differing significantly (a. = 1%)
according to a Z test comparing the two means.

Scrotal circumference (SC; Fig. 4A), testicular
volume (TV; Fig. 4B) and thickness of MT (Fig. 4C)
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increased proportionally with animal age. Such regression equations, respectively: y = 6.51 + 0.06 x; y
correlations can be made based on the following linear =-57.23 +0.77 x; and y = 0.12 + 0.0006 x.

Table 2. Frequency of echogenicity of testicular parenchyma and mediastinum (frontal plane) and epididymis cauda
of Santa Inés lambs at peripubertal and pubertal phases.

Age Testicular parenchyma Mediastinum testis Epidydimal tail
(days) (%) (%) (%)
Right Left Right Left Right Left
84 100.0 LE 100.0 LE 80.0 ME 80.0 ME 50.0 HIP 50.0 HIP
0.0 AE 0.0 AE
0.0 ME 0.0 ME 20.0 DIF 20.0 DIF 50.0 ISO 50.0 ISO
112 90.0 LE 90.0 LE 80.0 ME 80.0 ME 65.0 HIP 65.0 HIP
10.0 ME 10.0 ME 0.0 HE 0.0 HE 35.01SO 35.01SO
20.0 DIF 20.0 DIF
140 70.0 LE 70.0 LE 65.0 ME 65.0 ME 85.0 HIP 85.0 HIP
30.0 ME 30.0 ME 15.0 HE 15.0 HE 15.01SO 15.01SO
20.0 DIF 20.0 DIF
168 50.0 LE 50.0 LE 55.0 ME 55.0 ME 95.0 HIP 95.0 HIP
50.0 ME 50.0 ME 25.0 HE 25.0 HE 5.01SO 5.01SO
20.0 DIF 20.0 DIF
196 40.0 LE 40.0 LE 55.0 ME 55.0 ME 100.0 HIP 100.0 HIP
60.0 ME 60.0 ME 25.0 HE 30.0 HE 0.01SO 0.01SO
20.0 DIF 15.0 DIF
224 40.0 LE 40.0 LE 50.0 ME 50.0 ME 100.0 HIP 100.0 HIP
60.0 ME 60.0 ME 35.0 HE 35.0 HE 0.01SO 0.01SO
15.0 DIF 15.0 DIF
252 20.0 LE 20.0 LE 35.0 ME 35.0 ME 100.0 HIP 100.0 HIP
80.0 ME 80.0 ME 50.0 HE 50.0 HE 0.01SO 0.01SO
15.0 DIF 15.0 DIF
280 10.0 LE 10.0 LE 35.0 ME 35.0 ME 100.0 HIP 100.0 HIP
90.0 ME 90.0 ME 55.0 HE 55.0 HE 0.01SO 0.01SO
10.0 DIF 10.0 DIF

LE = low echogenicity; ME = moderate echogenicity; HE = high echogenicity; DIF = diffuse, HIP = hypoechoic;
ISO = isoechoic.

Table 3. Number of prepubertal and pubertal Santa Inés lambs and their respective echogenicity of testicular
parenchyma (TP) frequencies at different ages.

Age (days) Prepubertal Pubertal
(n) PT Echogenicity (%) (n) PT Echogenicity (%)
140 17 76.5 LE 3 33.3LE
23.5 ME 66.7 ME
168 10 70.0 LE 10 30.0 LE
30.0 ME 70.0 ME
196 6 66.7 LE 14 28.6 LE
33.3 ME 71.4 ME
224 4 100.0 LE 16 25.0LE
0.0 ME 75.0 ME
252 2 100.0 LE 18 11.1LE
0.0 ME 88.9 ME
280 0 0.0LE 20 10.0 LE
0.0 ME 90.0 ME

LE = low echogenicity; ME = moderate echogenicity.
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Figure 3. Ultrasound images of the
testis and epididymis of clinically
normal Santa Inés lambs, showing:
testicular parenchymal (TP) and
epididymal tail (ET), at 196 days of
age (A); scrotal septum (SS), at 84
days of age - at frontal plane (B);
testicular tunic (T) and scrotum (S),
at 168 days of age - at transverse
plane (C); pampiniform plexus
(PP), at 196 days of old - at sagittal
plane (D).
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Figure 2. Ultrasound images of the testis of
clinically normal Santa Inés lambs, showing: low
echogenicity of the left (LTP) and right (RTP)
testicular parenchyma, at 112 days of age - at
sagittal (A) and transverse (B) plane; moderate
echogenicity of the LTP at 196 days of age — at
sagittal (C) and transverse (D) planes; mediastinum
testicular (MT) moderately echogenic (E), highly
echogenic (F) and diffuse (G), at 224, 252 and 196
days of age, respectively; mediastinum testicular
(MT) moderately echogenic (H) and highly
echogenic (), at 252 and 224 days of age,
respectively - in the transverse plane.
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Table 4. Measurements (mean + SD) of scrotal circumference (SC), testicular volume (TV), testicular width measured with a caliper (TWC), testicular width measured
with ultrasound (TWUS) and thickness of the mediastinum testis (MT), at different ages in Santa Inés lambs.

( (,;%Z) s¢ (em) TV em® - TWC (cm) - - TWUS (cm) - - MT (cm) -

84 11.20 + 1.58° 10.67 £ 5.82° 1.99 +0.37° 2.06 + 0.40° 1.73+0.32° 1.75+0.37° 0.12 +0.02° 0.11 +0.01°
112 13.15 + 3.17% 24.64+17.11° 2.60 + 0.69% 2.63 +0.87% 2.12 +0.52¢ 2.11+0.58% 0.19 + 0.04% 0.18 + 0.04®
140 15.78 + 3.83% 49.72 +35.22" 3.10 +0.97% 3.15+0.91% 2.78 +0.90% 2.78 +0.92% 0.23 +0.09° 0.23 +0.07*
168 17.53 + 4.48% 78.93 £ 43.79" 3.64 +0.93% 3.65 + 0.85% 3.12 +0.97% 3.18 +0.99% 0.24 +0.06° 0.25 +0.08°
196 19.53 + 3.75% 93.41 + 48.30% 3.78 +0.83" 3.85 +0.85™ 3.14 +0.78% 3.15 +0.76™ 0.24 +0.05 0.25 + 0.05
224 20.15 + 3.98% 112.64 + 54.44" 3.98 +0.76° 4.04 +0.74° 3.36 +0.76° 3.36 +0.73" 0.25 + 0.06" 0.25 + 0.05
252 22.00 + 2.87° 133.14 53,54 4.23 +0.63 4.23 +0.58° 3.73 +0.64° 3.66 + 0.61° 0.25 + 0.05 0.25 + 0.06"
280 23.95 + 2.66 159.65 + 57.80° 4.43 +0.63 4.44 +0.61° 3.91 + 0.60° 3.94 +0.57° 0.26 + 0.05° 0.27 +0.06°

Different superscripts in the same column indicate statistical difference (P < 0.05).
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Figure 4. Linear regression of scrotal circumference (cm; A), testicular volume (cm3; B) and mediastinum testis
thickness (cm; C) of Santa Inés lambs (at pubertal and peripubertal phases), depending on the age (days). Linear
regression equation obtained: y (SP) = 6.51 + 0.06 x (days); determining coefficient = 0.98 (A); y (TV) = -57.23 +
0.77 x (days); determination coefficient = 0.99 (B); y (MT) = 0.12 + 0.0006 x (days); determining coefficient = 0.75

©).
Discussion

Although some authors have studied the
ultrasonographic appearance of the testes and
epididymes of clinically healthy sheep (Cartee et al.,
1990; Ahmad et al.,, 1991; Gouletsou et al., 2003;
Andrade Moura et al., 2008; Jucé et al., 2009), there are
few reports on Santa Inés sheep, especially in relation to
lambs in pubertal and peripubertal phases of
reproductive development. Andrade Moura et al. (2008)
and Jucé et al. (2009) evaluated testes and sexual glands
by ultrasonography of 49 Santa Inés rams, aiming to use
it as a diagnostic method for morphophysiological
evaluation of the males. However, these authors did not
study the testicular development in relation to the age of
young animals as was done in this experiment.

In the studies used as a basis for this research,
there were variations in the nomenclature used to
describe the ultrasonographic appearance of testicular
parenchyma. There is a need for standardization to
facilitate further studies and to establish normal
parameters. In this experiment, the testicular
parenchyma (TP) in the lambs demonstrated
homogeneity, with echogenicity ranging from low to
moderate in both testes, regardless of scan plane used,
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corroborating findings by Gouletsou et al. (2003).
According to Cartee et al. (1990), sheep testicular
parenchyma is predominantly homogeneous and
hypoechoic. Pechman and Eilts (1987), Pugh et al.
(1990) and Andrade Moura et al. (2008), in a study that
aimed to describe the testicular parenchyma echotexture
of Santa Inés sheep at different ages, found a variation
of hypoechoic images of low and high intensity in all
groups, with predominance of hypoechoic images of
low intensity.

The mediastinum testis was visualized in 100%
of the evaluated animals, presenting as a hyperechoic
line of variable thickness at the center of the testicular
parenchyma when visualized in the frontal plane and as
a hyperechoic point in the center of this parenchyma
when visualized in the transverse plane, confirming
previous studies (Ahmad et al., 1991; Gouletsou et al.,
2003; Andrade Moura et al., 2008; Jucé et al., 2009).

Gouletsou et al. (2003) visualized MT in 87%
of the animals assessed and reported that the MT
presence and shape determine different echogenic
impressions in TP. The MT was classified as
moderately echogenic, highly echogenic or diffuse, with
higher echogenicity and increased thickness in direct
proportion to animal age as evidenced in this study.

Anim. Reprod., v.11, n.2, p.110-118, Apr./Jun. 2014
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Moreover, Pechman and Eilts (1987) and Andrade
Moura et al. (2008), using cattle and sheep,
respectively, concluded that the mediastinum thickness
and echogenicity increased with age. According to Dyce
et al. (1990), the seminiferous tubules form a network in
the MT. Thus, this increase in the MT thickness may be
explained by the important and considerable anatomical
changes in the seminiferous tubules, which develop with
age as they become longer, increase in diameter and
"twist" and as the lumen forms and the basement
membrane thickens (Hamm and Fobbe, 1995).

The diffuse type of MT was found in all ages,
noting that the diffuse MT was present in two animals
(10%) with hypoechoic appearance in relation to the TP
at 140, 168 and 196 days of age in one and at 168, 196
and 224 days in the other animal. According to Tapping
and Cast (2008), this structure can often be seen as a
hypoechoic area with striated appearance.

In this study, the epididymal tail (ET) was
clearly visualized in 100% of the animals with reduced
echogenicity when compared to most of the TP images
analyzed, confirming Pechman and Eilts (1987), Ahmad
et al., (1991) and Gouletsou et al., (2003). However, in
younger animals, the ET was isoechoic when compared
to TP, which can be explained by a low echogenicity of
these animals, which is closer of the pattern described
for ET.

Determination of the animal puberty age varies
largely between different methods and criteria. Wolf et
al. (1965) considered puberty in cattle as the age at
which the ejaculate has a minimum of 50 x 10° cells/ml
with at least 10% progressive motility. Other authors
such as Mukasa-Mugerwa and Ezaz, (1992) and

Wheaton and Godfrey (2003) used the same
parameters to characterize puberty in lambs.
According to this characterization, three lambs

(15.0%) in this study showed semen consistent with
puberty at 140 days of age, and all animals (100%)
reached puberty by 280 days of age. The average age
at puberty observed in this study was 194.6 + 44 days,
mean body weight was 23.24 + 2,51 kg and average
scrotal circumference was 20.5 £ 1.8 cm. Souza et al.
(2000) found an average age at puberty of 159.5 days
for the same breed of sheep. The difference in age
could be attributed to the fact that they used the total
detachment of the penis from the prepuce as the
evaluation parameter, a phenomenon that preceded the
release of the first mobile spermatozoa in the ejaculate.
Semen evaluation of animals revealed a
gradual increase in physical and microscopic
characteristics of ejaculates with progressive decrease of
sperm morphological defects in direct proportion with
age, demonstrating differences from 140 to 280 days for
the mean progressive motility, concentration and total
defects. Large variations of these parameters resulted in
a high standard deviation, which can be explained by
different stages of sexual maturity in the animals, even
among animals of the same age group. According to
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Skinner et al. (1968), puberty and sexual maturity in
sheep are more closely related to body weight than the
age of the animal.

Ultrasound examination may also be useful in
monitoring the progressive changes that occur in the
testes (Ahmad and Noakes, 1995). Differences in the
echogenicity of the TP were observed between
prepubertal and pubertal animals at the same age, with a
predominance of images of low echogenicity in
prepubertal lamb and moderate echogenicity in pubertal
lamb, confirming Tapping and Cast (2008).

Biometric analysis of testicular development is
extremely important, as it is significantly correlated
with the reproductive activity of the animal (Mukasa-
Mugerwa and Ezaz, 1992). The US is a viable technique
for measuring testis (length, width and height) in situ, in
dogs, sheep and cattle (Eilts et al., 1993). Louvandini et
al. (2008), evaluating biometric features of testes of
Santa Inés lambs, observed that the testis shape directly
affected its volume, reporting that the formula for
prolate spheroid is a more reliable predictor of TV than
the cylinder formula because it best approximates the
shape of oval cylindrical testes of Santa Inés sheep; the
prolate spheroid formula was therefore used to calculate
the TV of animals in this study.

A difference was found between testicular
width measurements obtained with calipers and
ultrasound, as the first was larger than the latter. In a
study that determined the relationship between in vivo
measurements of bovine testes obtained with ultrasound
and calipers, Bailey et al., (1998) observed that the
width at ultrasound showed a higher correlation with the
real width than that obtained with the calipers because
only the testicular parenchyma was measured in the
ultrasound, while caliper measurements also included
the body of epididymis, scrotum and testicular tunics.

However, regarding the measurement of TV,
according to these authors, the volume obtained with
calipers had higher correlation with the real volume when
compared to volume measurements obtained with
ultrasound. This statement can be explained by
difficulties in assessing the testicular length by ultrasound
in older animals because the transducer is sometimes
smaller than the testis, as was demonstrated in this study.

In conclusion, the US is useful tool for
selection and morphophysiological evaluation of Santa
Inés lambs at peripubertal and pubertal phases, when
used in combination with other methods such as semen
evaluation. This technique may be included in breeding
soundness examination of breeding rams.
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