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Abstract

Testicular volume is one of the important indices that depict
the reproductive capability of a man. The diagnosis of
androgenic and testicular diseases depends on the ability to
elicit minimal changes in the testicular volume. There is
however a paucity of data for testicular volume
measurements by ultrasound in Nigeria, thus necessitating
the need for accurate data on the volume of the testes in
Nigerian men. We sought to establish the normal testicular
volume in healthy Nigerian adults, comparing the volume of
the right and left testis and to correlate the testicular volume
and age, body weight, height and body mass index (BMI)
respectively. The length, width and height of the testes were
measured in 200 participants aged 18 to 64 years using an
Aloka SSD 2500 machine with a 7.5Hz linear transducer.
The mediastinum testes and rete testis were used as the land
marks to identify the sagittal and transverse planes
respectively and the Lamberts formula (L x W x H x 0.71)
was used to calculate the testicular volume. The mean age
and BMI were 31.6+9.9 years and 23.7+4.0 kg/m?
respectively while the mean testicular volume in the study
population was 15.6+5.3cm®. The mean testicular volume
was 16.3+5.4cm® on the right and 15.0+5.9cm® on the left
and that of the right testis was significantly greater than the
left, p<0.05. There was a positive but weak correlation
between subjects’ height and volume of the right testis.
Similarly, their weight and BMI also showed a positive but
weak correlation with the volume of the right testis and the
mean testicular volume. The mean testicular volume for
healthy adult males in our environment is 15.6+5.3cm® with
the mean volume of the right and left testis being
16.3+5.4cm® and 15.0+5.9cm? respectively. It is hoped that
these values would serve as a reference for future clinical
works.
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Introduction

volume (TV) is composed of seminiferous

The testes form a major part of the male
reproductive  system and are primarily
responsible for the production of spermatozoa
and the male sex hormone, testosterone * 2 2,
Ninety eight percent of the entire testicular

tubules  which  are  responsible  for
spermatogenesis *°. The volume of the testes in
adults is therefore believed to be an index of
spermatogenegesis. Larger testicles therefore
contain more seminiferous tubules and thus
produce more spermatozoa °.
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The volume of the testes is also known to
correlate  well with semen profile "
Measurement of testicular volume therefore is
regarded as one of the most important indices
in the assessment of male fertility. In
adolescence, the estimation of testicular volume
is important for evaluating and diagnosing pre
pubertal androgenic disturbances and assessing
the effect of illness or therapy on gonadal
function % 1 Testicular volume is also used
to measure the clinical significance of
varicocele especially in infertile men * % 4,
Therefore, in order to objectively assess
testicular  disease  conditions in  our
environment, it is essential to have reference
values of testicular volume for Nigeria men.

Testicular volume is known to vary in different
races *°. These differences have been attributed
to both genetic and environmental factors.
Also, studies have observed that the presently
existing data on human testicular volume in the
world is scanty *®. Several factors are known to
influence the volume of the testis from one
individual to another. Literature also shows
various degrees of correlation between the
testicular volume and the weight, height, body
mass index (BMI) and age *'. It was also shown
that variation exists between the volume of the
right and the left testicles ®®.

The volume of the testes can be measured using
radiological or non-radiological methods. The
non-radiological methods include clinical
measurement with calipers, visual comparison
with graphical models and the use of
orchidometers. These methods are however
known to grossly overestimate the volume of
the testes ® 19 20:2L. 2.3 The actual volume of
the testes can be measured using the water
displacement method which is however only
employed in patients whose testes have been
surgically removed *.

Radiologically, ultrasonography and magnetic
resonance imaging (MRI) can be employed in
the measurement of testicular volume. MRI is
used in the stereological measurement of
testicular volume, using the Cavaliery principle
that involves the use of testicular views in the
axial and sagittal planes. This method however
can only be employed as a complimentary
method to the traditional techniques®.

Ultrasound measurement of testicular-.....

Moreover, it is time consuming and very
expensive and only very few centers in Nigeria
have a functional MRI unit.

Ultrasound is considered to be the standard
method of measuring testicular volume and
reports have shown a positive correlation
between the results obtained by orchidometry
and ultrasound ** % %, Some other literatures
state that ultrasound has been shown to be more
accurate in the measurement of testicular
volume than the clinical (orchidometry)
methods described. Its sensitivity to volume
differentials is greater than that derived from
the non-radiological methods 2* %, It does not
involve the use of ionizing radiation, is cheap
and readily available in Nigeria.

Since several disease conditions affect the
testicular volume and the correlation between
testicular volume and semen profile is very
strong ®, the assessment of testicular volume
can be used to evaluate the severity of testicular
pathology. Unfortunately, there is paucity of
data on ultrasound testicular volume in healthy
Nigerian adults. The availability of such data
will be of great value in assessing the health
status of the testis in disease conditions. It is for
this reason that we sought to measure the
volume of the normal testis by ultrasound in
healthy Nigerian men and correlate these with
their age, height, weight and BMI. Having a
reference value for testicular volume will help
clinicians to properly and objectively evaluate
male patients with sub fertility, help in the
proper evaluation of androgenic and
developmental problems in adolescent males, in
proper assessment of the effect of varicocele on
the testicular volume and thus helping
clinicians to take prompt and accurate decisions
concerning surgical intervention. Finally, with
the availability of reference values, disease
conditions which cause only minute changes in
the testicular volume can properly be evaluated.

Materials and methods

Two hundred healthy randomly chosen men
from 18-64 years who volunteered to
participate in the study were scanned in the
Radiology Department of a Nigerian University
Teaching Hospital, after they were confirmed
not to have any chronic illnesses such as
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diabetes  mellitus,  tuberculosis, human
immunodeficiency virus/ acquired
immunodeficiency  syndrome, infertility,

orchitis, varicocoele and testicular tumours
through detailed history taking and laboratory
tests.

It was a cross sectional study done from
January to December 2011. Approval was
obtained from the Research and Ethics
committee of the hospital and written informed
consent form was signed by each participant.

The Weights (W) and heights (H) of all
subjects were recorded and the body mass
index (BMI) calculated using the formula BMI
= W/H? (Kg/m?). All measurements were taken
in standard SI units. An ultrasound machine,
ALOKA SSD 2500, with 7.5Hz transducer was
used.

Subjects were placed in the supine position
with their trousers and pants pulled down to the
mid-thigh level. The scrotum was supported by
a small examination towel posteriorly to
stabilize the testes and coupling gel was applied
generously to maximize visualization of both
testicular poles. The testes was then stabilized
by placing a finger on the median raphe of the
scrotal skin and gently scanned to avoid
distortion of its shape and dimension.

In order to get the longitudinal plane of the
testis, the probe was placed on the scrotal skin
over the testis and rotated until the mediastinum
testis was visualized in the same plane. The
image was then frozen. The length of the testis
(a-b) was measured by placing the electronic
caliper in the most superior and inferior points
of the testis while the height of the testis (c-d)
was measured on the same frozen image by
placing the calipers on the widest anterior-
posterior point of the testis perpendicular to the
longitudinal plane (Figs 1a).

The width (transverse plane) of the testis was
then measured by rotating the probe until it is
perpendicular to the longitudinal plane. At this
point the rete testis will be visualized as
hypoechoic septations on the lateral end of the
image. The calipers are placed at the widest
transverse diameter (e-f) (Fig 1b). To reduce

error, the measurements were taken thrice and
the average value calculated.

The testicular volume was calculated using the
empiric formula of Lambert: L x W x H x 0.71
which is the most accurate formula for

evaluating testicular volume ** %,

For proper analyses of results, the age, weight,
and BMI of all the subjects were grouped into
class intervals with age and weight grouped
into class intervals of ten and BMI grouped into
underweight, normal weight, overweight and
obese.

Results

The mean age of the study population was 31.6
+9.9 years, and more than half of the study
subjects 109 (54.5%) fell within the age bracket
of 21-30 years while the least number, 12 (6%)
were below 20 years, (Table 1).

The weight ranged from 48 to 118kg with a
mean of 71.4+12.38kg. Most of them were
between 61-70 kg, 98 (49%) while the fewest
were those below 51kg.

The most frequent height were between 1.7-
1.79m, 89 (42.5%), with a mean height of
1.7+0.89m. Those who were >1.9m were only
2 (1%).

The mean BMI was 23.7+4.0kg/m? ranging
from 15.1 - 39.5. BMI between 18 - 24.9kg/m?
were considered normal and most of the study
group, 123(61.5%) were in this group, while
the obese group with BMI of >30kg/m? were
the least frequent, 13(6.5%). The largest
testicular volume was recorded in the 30 and
above BMI group (Table 2).

The mean length, height and width of the right
testicle was (4.0+0.5cm, range 2.6-5.1),
(2.3+0.3cm, range 1.2-3.0) and (2.5+0.3cm,
range 1.4-3.6) respectively, while that of the
left  was (3.840.6cm, range 2.2-5.3),
(2.2+0.4cm, range 1.4-3.5) and (2.4+0.4cm,
range 1.4-3.5) respectively. The mean testicular
volume for the study population was
15.6+5.3cm®, range 2.8-35. The volume of the
right and left testis measured (16.3+5.3cm®,
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Figure-la. Longitudinal scan of the testis showing the mediastinum testis (arrow)
and the points of measurement.

LT TRANS
M1D] .

Figure-1b. Transverse scan of the testis showing the rete testis (arrow) and the
points of measurement.
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Table-1 The age distribution with height, weight and BMI

Age(years)  No (%) Mean+SD  Mean+SD  Mean + SD

Height(m) Weight(kg)  BMI(kg/m?)

<20 12(6%) 1.8+01 525+4.9 16.8+0.9
21-30 109(54.5%) 1.7+0.1 66.4 + 6.3 216+14
31-40 51(25.5%) 1.7+01 75.3+8.2 256+1.1
41-50 13(6.5%) 1.6+01 79.0+4.5 28.2+0.7
>50 15(7.5%) 1.7+0.1 99.9+10.0 23.7+34

Key: No. number of subjects,

Table-2 Testicular volume in the various BMI groups
BMI(kg/m?)) Mean+SD Mean+SD Mean+ SD

R.VOLUME(cm®) L.VOLUME (cm®)  R+L(cm?)

<18 16.6+4.0 16.443.7 16.5+3.8
18-24 16.045.3 14.4+6.0 15.2+55
25-29 16.3+4.3 15.345.0 15.844.5
30> 18.5+9.8 16.7+8.6 17.6+9.2

Table -3 The age distribution of length, height, width and volume of both testicles

RIGHT TESTIS LEFT TESTIS

Age M+SD M+SD M +SD M+ SD M + SD M + SD M+SD M+SD

(years) 3 3
L(cm) H(cm) W(cm) V(cm?) L(cm) H(cm) W(cm) V(cm?)

<20 3.9403 22+0.2 25+02 155+34 3.940.5 2.440.2 2.5+0.2 16.0+9.0
21-30 3.9+05 2.2+03 24403 15.8+453 3.6+0.6 2.1+0.4 24404 14.1+54
31-40 40+04 23+0.2 25403 157447 3.840.6 2.140.3 2.3+0.4 148456
41-50 3.9+0.3 2.3+0.3 25403 16.5+5.0 4.0+0.5 2.3+0.4 25+0.8 17.3+5.0

>50 40+06 23+04 2.6+03 18.4+49.0 4.0+0.8 2.240.4 2.5+04 16.6+8.0

Key: M= mean, SD= standard deviation
L = Length, H = height, W=width, V= volume

significant statistical difference between the
range 2.9-38) and (15.0+5.9cm°, range 2.7- volume of the right and left testis, p=0.000.The

31.7) respectively, (Table 3). There was a age of the patients did not show any

49



correlation with the volume of the right testis,
the left testis, and the mean testicular volume
p=0.098, p=0.294 and p= 0.154 respectively.

The height of the study subjects showed
significant statistical correlation with the
volume of the right testis, p=0.027 but no
correlation was found between height with the
volume of the left testis and the mean
testicular volume p= 0.783 and p=0.201
respectively.

The weight of the subjects also had a
significant statistical correlation with the
volume of the right testis (p= 0.000) and the
mean testicular volume (p=0.04). However no
significant correlation was found between
weight and volume of the left testis p=0.53.

The BMI showed significant statistical
correlation with the right testicular volume
p=0.049 and the mean testicular volume p
=0.04, but not with the volume of the left testis
p=0.083.

The scatter plot graph of BMI versus mean
right testicular volume and mean right and left
testicular volume show a weak positive
correlation with r = 0.019 and 0 015
respectively.

Discussion

Measurement of testicular volume in adults is
an important tool in assessing the health status
of the testis in disease states such as
undescended testis, torsion, malignancies,
orchitis and varicoceles. The non-invasiveness
of ultrasound and the fact that it is devoid of
radiation, allows for repeated monitoring of
these disease entities. In addition to semen
analysis and measurement of serum hormones,
estimating testicular volume has been an
integral part of evaluating male infertility,
because testicular volume directly corresponds
to semen profile®,

The sample selection criteria used in this study
is similar to that used by Jong et al®, Aribarg et
al®® and Wikramanayake®. As in their studies,
all the participants with past history or clinical
features suggestive of testicular disease were
excluded from the study.

Ultrasound measurement of testicular-.....

Finding from this study however differs
slightly from the values obtained by Jong et al
® who reported the mean testicular volume of
the right and left to be 18.26+3.21 and
18.09+3.79 respectively in Korean males. The
mean testicular volume from our study is also
at variance with that of Aribarg et al*” who
reported the mean testicular volume in Thai
males to be 17.2+3.0. These slight differences
in testicular volume could be due to
environmental, nutritional and genetic factors
as stated by Ku et al *’. Furthermore, tropical
countries like Nigeria have a high temperature
which does not support spermatogenesis. Also,
the malnutrition which exists in Nigeria may
cause suboptimal testicular growth.

This study showed a significant statistical
difference between the volume of the right and
the left testicle with the right testicle being
larger than the left. The slight reduction of the
testicular volume on the left could be due to
the fact that the pampiniform plexus of vein
are more prominent on the left %’ resulting in
an increased temperature in the left testis with
subsequent reduction in spermatogenesis and
testicular volume on that side.

In our study, the age of the patients did not
show any correlation with the volume of the
right testis, the left testis, and the mean
testicular volume. This finding is similar to
that of Beres et al®® on testicular size variant
and Tajima et al*! on testicular size. In their
studies, they established that the testis
achieved its maximal size by 18 years and
remains so until 8o years when it starts
decreasing in size.

There was significant correlation between the
height of the subjects with the volume of the
right testis but not with the left testicular
volume and the mean testicular volume. This
finding is in keeping with the study done by
Sobowale and Akiwumi ® in Nigeria which
also showed a positive correlation between the
height of the subjects and the testicular volume
but not with the other parameters i.e. weight
and BMI. However, the study by Sobowale
and Akiwumi ® did not specifically test the
correlation of height with the each mean
testicular volume.
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The weight in our study showed significant
correlation with the right testicular volume and
the mean testicular volume but not with the
left testicular volume, thus differing from the
study done by Sobowale and Akiwumi ®.
However, our findings corroborated the
findings by Wikramanayake 2°, Jong et al® and
Aribarg et al® whose studies showed a
significant correlation between testicular
volume with weight and BMI.

This study showed a persistent lack of
correlation between the weight, BMI and
Height with the left testicular volume. The
reason for this observation is not known

As established by Aribarg et al®® and Jong et al
® the Pearson correlation and scatter plot
graphs show poor linear correlation between
the BMI and the volume of the right testis as
well as that of the mean testicular volume.

Conclusion

This study revealed that the mean testicular
volume for healthy Nigerian adult population
was 15.6+5.3cm?®. These values however differ
slightly from that of the Caucasian and Asian
population.

It is hoped that the normal values generated
from this study would serve as a reference for
future clinical evaluation.
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