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ABSTRACT - This work aimed to investigate the relationship between echogenicity, testicular biometry, and accessory
gland biometry and evaluate the echogenicity pattern of these structures in Santa Ines rams. Fifty-four healthy Santa Ines
sheep were classified into three age groups: group 1 - 3 to 5 months (pre-pubertal); group 2 - 7 to 11 months (pubertal);
and group 3 - 13 to 28 months (sexually mature). The averages of testicular biometry and bulbourethral gland biometry were
different among age groups. The testicular parenchyma was homogeneous with low echogenicity (pre-pubertal group) and
medium echogenicity (pubertal and sexually mature groups), suggesting that testicular echogenicity can be a helpful tool to
identify the start of puberty. The accessory glands were heterogeneous with low echogenicity in all age groups. Correlations
were high between weight, biometry of testis and of bulbourethral gland and echogenicity of the accessory glands, indicating
that sexually mature rams with higher body development have larger testicles and larger glands. We recommend the use of

testicular biometry as a complementary evaluation of the reproductive efficiency of Santa Ines rams. The average values of
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echogenicity and the biometry of accessory glands are important parameters to assist the selection of breeding rams.
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Introduction

The selection of males with high reproductive capacity
and high fertility is crucial to improve the reproductive
performance of herds (Silva et al., 2002). In this context,
it is extremely important to use auxiliary tools to attain
greater reproductive and productive efficiency through the
selection process.

The use of ultrasound in andrological examination
of testicles of small ruminants has increased significantly
(Andrade et al., 2014; Carazo et al., 2014; Cavalcante
et al., 2014; Silva et al., 2015). Ultrasound is an effective
technique because it is noninvasive and fast when used as a
complementary biotechnology for reproductive assessment
(Andrade et al., 2012).

Some authors (Pastore, 2008; Tapping and Cast, 2008;
Cardilli et al., 2010) have suggested the use of testicular
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echogenicity as an alternative mechanism for selecting
precocious animals. In addition, ultrasound can also be
used accurately to examine the accessory glands in their
normal orientation within the pelvic canal (Urt, 2014).

Despite its wide applicability in reproductive
evaluation, there is subjectivity in the classification of the
ultrasound image parameters and a lack of information
concerning ultrasonography of the accessory glands in
small ruminants. Since it is a qualitative evaluation, there
is a loss of accuracy in determining the echogenicity and
echo texture of the analyzed structure.

Thus, this study evaluated the morphology and
echogenicity of testes and accessory glands in pre-
pubertal, pubertal, and sexually mature Santa Ines rams
using ultrasound. Furthermore, the relationship between
echogenicity and biometry of testes and accessory glands
in Santa Ines rams at different ages was analyzed.

Material and Methods

The experiment was performed in Campos dos
Goytacazes, Rio de Janeiro, Brazil (Latitude 21°45'40" S
and Longitude 41°17'10" W). Fifty-four Santa Ines rams,
clinically healthy, were classified into three age groups,
according to sexual development: group 1 with 13 rams
aged 3 to 5 months (pre-pubertal); group 2 with 28 rams
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aged 7 to 11 months (pubertal); and group 3 with 13 rams
aged 13 to 28 months (sexually mature). The daily feed
was composed of Tifton hay, star grass (Cynodon spp.),
mineral salt, and water ad libitum.

Rams were considered in puberty when they were able
to perform complete mating and there were spermatozoa
with motility above 10% and concentration of at least
50x10°¢ spermatozoa/mL (Wheaton and Godfrey, 2003).
Animals were considered sexually mature when they
had sexual instinct, mating ability, and sperm conditions
consistent with full reproduction (Sasa et al., 2002).

First, the animals were weighed and scrotal
circumference was measured. Height and width of testes
were measured to calculate the total testicular volume
(TV) by the cylinder volume formula (Fields et al., 1979):
TV =2 [(1?) x © x h], in which r = radius, calculated from
the width (L/2); m = 3.1416; and h = mean testicular length
or height.

A Mindray DP-2200 ultrasound apparatus coupled to a
linear probe operating at frequency of 8.0 MHz was used
to evaluate testes and glands (Amorim, 2010), capturing
424 images.

The scrotum was shaved for the evaluation of echo
texture and echogenicity of testicular parenchyma. The
acoustic gel was placed on a linear probe and then precisely
over the testicle region to be evaluated. Through scanning
movements, images were obtained of the right and left
testicular parenchyma using the following display planes:
sagittal, frontal, and transversal (Figure 1).

Biometry (HRB -height ofthe right bulbourethral gland;
HLB - height of the left bulbourethral gland; WRB - width
of the right bulbourethral gland; and WLB - width of the
left bulbourethral gland) and the evaluation of echotexture
and echogenicity of vesicular and bulbourethral glands

were carried out after rectal emptying. The images were
obtained in the longitudinal plane using a linear transrectal
probe.

The grayscale values were determined from each
ultrasound image at the respective ages and expressed as
units of pixel intensity. The ImageJ software was used to
calculate the pixel intensity/area analyzed. The total range
of pixel intensity was from zero to 255 (no subjective
quantitative analysis), where zero was assigned to a totally
black pixel (anechoic) and 255 was assigned to totally
white pixel (hyperechoic). Thus, three areas were selected
in each image, so that, later, the gray scale averages could
be calculated for the following parameters: right testicular
parenchyma echogenicity (RTE), left testicular parenchyma
echogenicity (LTE), and total testicular parenchyma
echogenicity (TTE); right bulbourethral gland echogenicity
(RBE), left bulbourethral gland echogenicity (LBE), and
total bulbourethral gland echogenicity (TBE); right vesicular
gland echogenicity (RVE), left vesicular gland echogenicity
(LVE), and total vesicular gland echogenicity (TVE).

The nomenclatures low echogenicity (0-85 pixels),
moderate echogenicity (86-170 pixels), and high
echogenicity (171-255 pixels) were used to describe the
echogenicity of the evaluated structures.

The Santa Ines ram represented the experimental unit
for all variables: testicular echogenicity (RTE, LTE, and
TTE) and accessory glands echogenicity (RBE, LBE,
TBE, RVE, LVE, and TVE) and ultrasound biometry of
bulbourethral gland (HRB, HLB, WRB and WLB). Analysis
of variance was used to verify the effect of age groups on
variables using the PROC GLM of SAS (Statistical Analysis
System, version 9.2). The statistical model used was:
Y,=un + B, + e, in whichY, = dependent variable; p =
the overall mean for the variable; B, = the fixed effect of

Figure 1 - Ultrasound examination of testicles in Santa Ines rams to obtain the images in (A) frontal, (B) sagittal, and (C) transversal plans.

R. Bras. Zootec., 46(4):317-323, 2017



Biometry and ultrasound evaluation of testicles and accessory glands in Santa Ines rams 319

i-th age group; and e, = experimental error associated with
observation Yij, with normal distribution, mean zero, and
variance ¢°. The means were compared by the SNK test at
5% significance. The CORR procedure of SAS was used to
calculate the simple correlations among variables.

Results

There were differences (P<0.05) among age groups
for testicular biometry, RTE, RBE, TBE, RVE, and LVE,
biometry of bulbourethral gland, and weight. However,
there was no difference (P>0.05) for LTE, TTE, and LBE.

Throughout the experiment, after the general clinical
examination, no testicular abnormality was detected. The
average weights were 27.8342.54 kg (pre-pubertal group),
43.1847.91 kg (pubertal group), and 70.23+10.51 kg
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(sexually mature group). The means of scrotal circumference
(pre-pubertal group: 17.0543.76 cm; pubertal group:
29.23+3.32 cm; sexually mature group: 33.23+1.60 cm) and
testicular volume (pre-pubertal group: 85.41 ¢m?; pubertal
group: 479.23 cm?; sexually mature group: 760.66 cm?)
were different among age groups, proportionally increasing
with animal age.

The ultrasonographic pattern of the testicular
parenchyma had homogeneous echo texture, independently
of the evaluated group (Figure 2). The bulbourethral glands
were located caudal to the urinary bladder and they were
ovoid with variable echogenicity, which were bounded by
a hyperechoic membrane (Figure 3). The vesicular glands
were observed close to the urinary bladder colon, with
irregular outline and surrounded by a membrane with higher
echogenicity. The gland parenchyma had a heterogeneous

C
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(A) Pre-pubertal, (B) pubertal, and (C) sexually mature groups in front plane, showing the testicular mediastinum (arrow).

Figure 2 - Ultrasound image of testicular parenchyma in Santa Ines rams.
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(A) pre-pubertal, (B) pubertal, and (C) sexually mature groups in longitudinal plane.
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Figure 3 - Ultrasound images of bulbourethral gland (arrow) of Santa Ines rams.
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echotexture and low echogenicity (Figure 4). Furthermore,
microcystic areas were observed in the gland parenchyma.

In general, the averages of RBE, TBE, RVE, LVE,
and TVE were different among age groups. The sexually
mature group showed the highest averages for these
variables and the pre-pubertal group the smallest. The
echogenicity of testicular parenchyma of pubertal animals
increased compared with pre-pubertal animals. The
averages of RTE were different between pre-pubertal and
pubertal groups. However, the averages of LTE and TTE
showed no difference. The averages of TTE were 85.23
pixels (pre-pubertal), 93.14 pixels (pubertal), and 86.78
pixels (sexually mature), ranging from low to moderate
echogenicity (Table 1).

The averages of gland biometry were different among
the age groups for all traits. The sexually mature group had
the highest average and the pre-pubertal had the lowest
(Table 2).

Weight had significant correlations of high magnitude
with variables related to testis biometry, bulbourethral glands,
and gland echogenicity (Table 3). Testicular volume had
significant correlation of high magnitude with scrotal
circumference (0.91). The correlations between testicular
volume and the biometry of bulbourethral glands were high
and significant. The scrotal circumference correlations
were similar to those presented by testicular volume. The
TTE had non-significant correlations of low magnitude
(near zero) with all the characteristics analyzed. Total
bulbourethral gland echogenicity and TVE had significant
correlations from medium to high magnitude with weight,
testicular biometry, and the ultrasonographic biometry of
bulbourethral gland. The biometry of bulbourethral gland
had significant correlations of high magnitude with weight,

A B

Depth  E.47

Depth 6,47 Ba /64 [wh

(A) Pre-pubertal, (B) pubertal, and (C) sexually mature groups in longitudinal plane.

testicular volume, and scrotal circumference; medium to
high magnitude with TBE and TVE; and high magnitude
among them.

Discussion

The means of scrotal circumference for all groups
were close to the values found in the literature (Souza,
2003; Pacheco et al., 2009). Souza (2003) demonstrated
the tendency is for scrotal circumference of sheep to stop
growing from 12 months of age, which was 32.09 cm,
similar to that found in the sexually mature animals.

Table 1 - Mean values and standard deviations of ultrasound
variables of testicular echogenicity, bulbourethral
gland echogenicity, and vesicular gland echogenicity
of Santa Ines sheep, according to age group

Ultrasound Age group

variable Group 1 Group 2 Group 3
(pixels) (3 to 5 months) (7 to 11 months) (13 to 28 months)
RTE 81.23+£15.51B 94.14+£10.48A 85.98+12.82AB
LTE 88.02+12.85A 92.09+12.51A 87.57+12.06A
TTE 85.23+13.49A 93.14+10.14A 86.78+10.49A
RBE 22.42+8.64B 28.33+11.29B 42.67+11.90A
LBE 25.44+8 42A 25.74+8.64A 31.23+11.86A
TBE 23.93+5.44B 27.04+8.69B 36.95+11.12A
RVE 29.00+£16.46B 41.01+18.07B 65.18+£13.97A
LVE 28.39+£16.03C 42.95+17.35B 55.44+15.33A
TVE 28.69+14.71C 41.98+15.38B 60.31+11.50A

Group 1| - 3 to 5 months (pre-pubertal); group 2 - 7 to 11 months (pubertal); and
group 3 - 13 to 28 months (sexually mature).

RTE - right testicular parenchyma echogenicity; LTE - left testicular parenchyma
echogenicity; TTE - total testicular parenchyma echogenicity; RBE - right
bulbourethral gland echogenicity; LBE - left bulbourethral gland echogenicity;
TBE - total bulbourethral gland echogenicity; RVE - right vesicular gland
echogenicity; LVE - left vesicular gland echogenicity; TVE - total vesicular gland
echogenicity.

Means followed by different letters in the same row indicate differences by SNK
test at 5%.
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Figure 4 - Ultrasound images of vesicular gland (arrow) of Santa Ines rams.
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Table 2 - Mean values and standard deviations of ultrasound biometry of bulbourethral gland of Santa Ines sheep according to age group

Age group
Ultrasound biometry Group 1 Group 2 Group 3
(3 to 5 months) (7 to 11 months) (13 to 28 months)
Height of the right bulbourethral gland (cm) 0.72+0.14C 0.97+0.12B 1.08+0.20A
Height of the left bulbourethral gland (cm) 0.69+0.11C 0.98+0.13B 1.10+£0.14A
Width of the right bulbourethral gland (cm) 1.02+0.17C 1.33+0.16B 1.53+0.20A
Width of the left bulbourethral gland (cm) 1.00+0.17C 1.35+0.15B 1.55+0.16A

Group 1 - 3 to 5 months (pre-pubertal); group 2 - 7 to 11 months (pubertal); and group 3 - 13 to 28 months (sexually mature).
Means followed by different letters in the same row indicate differences by SNK test at 5%.

Table 3 - Pearson’s correlation coefficient of weight, biometry, and echogenicity of testicle, vesicular gland, and bulbourethral gland of

Santa Ines sheep

W TV SC TTE TBE TVE HRB HLB WRB
W -
TV 0.86%* -
SC 0.76%* 0.91%* -
TTE —0.04 0.01 0.02 -
TBE 0.53** 0.36%* 0.35% -0.22 -
TVE 0.63%* 0.64** 0.64** -0.02 0.27 -
HRB 0.58%* 0.94%* 0.63%* -0.02 0.63%* 0.39%* -
HLB 0.62%* 0.92%%* 0.68%* 0.18 0.55%%* 0.50%* 0.81** -
WRB 0.66** 0.95%* 0.71%* 0.00 0.37** 0.49** 0.70** 0.72%* -
WLB 0.77%* 0.93%x* 0.82%%* 0.17 0.44%* 0.53%* 0.63%* 0.72%* 0.83%*

W - weight; TV - testicular volume; SC - scrotal circumference; TTE - total testicular echogenicity; TBE - total bulbourethral gland echogenicity; TVE - total vesicular gland
echogenicity; HRB - height of the right bulbourethral gland; HLB - height of the left bulbourethral gland; WRB - width of the right bulbourethral gland; WLB - width of the left

bulbourethral gland.
* P<0.05.
** P<0.01.

The average value of testicular volume of pre-pubertal
group was lower than that found by Pacheco (2008), in
which the mean value was 133.97 cm’. However, the
animals of pubertal group showed higher average than
that reported by the same author (429.55 c¢cm?®) in 7 to 12
month-old Santa Ines sheep. Camela (2015) observed a
lower value (approximately 728.33 c¢cm?) from that found in
the present study while evaluating this parameter in mature
Dorper sheep.

Comparing averages of RTE and LTE in the different
groups, they presented pixel quantities close to each
other. These findings are consistent with those reported
by Lavoipierre (2000) and Silva et al. (2015), according
to which, the testicular parenchyma has a homogeneous
echo texture; then, if both antimeres do not have the same
echogenicity, disease should be suspected.

The TTE ranged from low to moderate echogenicity
among age groups. These results were similar to those
found by Gouletsou et al. (2003), Amorim (2010), Andrade
et al. (2012), and Andrade et al. (2014). Silva et al. (2015)
observed values lower than those found in pre-pubertal
and pubertal groups, which were near 70.20 pixels (3 to
6 months old) and 91.44 pixels (7 to 12 months old) for

crossbred sheep. However, these authors found an average
near 112.84 pixels in 13 to 18 month-old sheep, which was
higher than that found in the sexually mature group.

The averages of TTE in pubertal and sexually mature
groups were lower than the average presented by Urt
(2014), which was 108.9 pixels in 10-12 month-old Texel
sheep. According to this author, this average corresponds to
a testicular parenchyma with moderate echogenicity.

Andrade et al. (2014) compared the testicular
parenchyma of pre-pubertal and pubertal Santa Ines sheep,
finding predominance of low echogenicity images in pre-
pubertal animals and moderate echogenicity images in
pubertal animals. Thus, they demonstrated the importance
of sonographic evaluation of testicles, especially the
study of testicular echogenicity, to assist in puberty
identification of sheep and select animals with greater
reproductive precocity.

In the study by Camela (2015) with Dorper sheep,
the parenchyma of the bulbourethral gland presented
heterogeneous echo texture and mixed echogenicity. These
structures showed low echogenicity in the present work,
which was similar to that observed by Juca et al. (2011) in
Santa Ines sheep.

R. Bras. Zootec., 46(4):317-323, 2017
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The echo texture and echogenicity of the vesicular gland
parenchyma in the present study were similar to those reported
by Jucé et al. (2009) and Teixeira et al. (2013). The microcystic
areas, observed in the present study, are described as vesicles
that have become filled with fluid before ejaculation, which
will form the seminal plasma (Gartner and Hiatt, 2003).
Camela (2015) noted that these vesicles have a reduced
quantity of liquid after ejaculation. However, regardless of
the moment of assessment (before or after ejaculation), this
gland predominantly appeared as high intensity hypoechoic,
similar to that reported by Juca (2005).

Juca et al. (2009) classified echogenicity of the
bulbourethral glands and the vesicle glands in pre-ejaculate
as low-intensity hypoechoic. The use of quantitative
evaluation to determine the testicular echogenicity and
the accessory gland echogenicity with the aid of Imagel
software, through the analysis of mean values of pixels, can
overcome the subjectivity of ultrasonographic evaluation
of these structures by making it more accurate. However,
there is a lack of studies using this technique, especially
to assess bulbourethral and vesicular glands in sheep.
Moreover, these values can be helpful for other researchers
and technicians to determine the normal range when
evaluating ultrasound images of Santa Ines sheep.

Juca et al. (2009), studying measures of the accessory
glands in 18, 30, and 48 month-old Santa Ines sheep,
observed a significant difference among ages. Animals
with 18 months of age had mean bulbourethral gland
height (1.158+0.035 cm) close to the values found in the
present study in sexually mature animals (1.08 and 1.10 cm
for height of the right and of the left bulbourethral gland,
respectively). The average height of bulbourethral glands
in animals with 18 months old (1.158+0.035 cm) was
close to those of sexually mature group (1.08 and 1.10 cm
for height of the right and of the left bulbourethral gland,
respectively).

Camela (2015) estimated the average dorsal-ventral and
cranio-caudal distances of the bulbourethral gland in Dorper
sheep, which were 1.372 c¢cm in pubertal animals (8 to 11
months) and 1.471 cm in mature animals (>12 months).
These values were higher than the average observed in the
present study.

There are few papers regarding echogenicity and
measurements of vesicular and bulbourethral glands in
sheep. Therefore, the findings of this study are important,
especially those regarding pre-pubertal sheep (3 to 5
months), since echogenicity and measurements of glands
have high correlations with testis size and weight. Thus, at
this age it would be possible to select animals with greater
sexual precocity.

In relation to the association among the traits, similar
correlation results of weight with testis biometry were
found by Alves et al. (2006), suggesting that the scrotal
circumference is a parameter that can complement others
in selection by breeders.

Testicular  volume and scrotal circumference
correlations had high magnitude (near 1), indicating that
both characteristics can be used to aid in selection of future
breeders, since they significantly correlated with weight.
According to Unanian et al. (2000), testicular volume can
be used to select young animals for future breeders, as
scrotal circumference also can. The combination of these
characteristics should enable a more precise prediction of
the breeding potential. However, since scrotal circumference
measurement is very practical and easy to perform, we
suggest implementing this.

The high correlations between echogenicity of
accessory glands and weight, testicular biometry and the
ultrasonographic biometry suggested that heavier animals
tend to have larger testes, larger glands, and consequently,
greater echogenicity.

The correlations found between the biometry of the
bulbourethral gland and scrotal circumference are similar
to those reported by Camela (2015), which were significant
and of medium magnitude (0.543; P<0.01).

Although some authors have studied testicular
echogenicity of healthy sheep (Amorim, 2010; Teixeira
et al., 2011; Andrade et al., 2012; Urt, 2014), few have
developed studies involving ultrasound biometry of the
bulbourethral glands in Santa Ines sheep, especially in
pre-pubertal, pubertal, and sexually mature animals and
correlated biometrics with all the variables presented in
this study.

Conclusions

The values of echogenicity and biometry of accessory
glands can be used as complementary parameters to assist
in the selection of rams with greater sexual precocity.
In addition, more detailed ultrasound assessment of the
reproductive organs of males can help in the diagnosis of
testicular parenchyma diseases of adult rams, which can
lead to subfertility.
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