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Abstract

Background: Testicular size assessment is an important and initial technique for the evaluation of gonadal function.
Our study aims to determine the correlation between paediatric testicular volumes measured with the orchidometer,
high-resolution ultrasonography (US) and intra-operative measurements using calipers.

Results: This is a prospective observational study of 127 boys presenting to our institution with non-emergent
scrotal conditions between January 2007 and October 2008. Volume estimates of both testes were measured using
the Prader orchidometer. The patient was then sent to a radiologist who measured the testicular volumes using

US, being blinded to the orchidometer estimates. At surgery, the testicular dimensions on the side of the pathol-
ogy were obtained with a vernier caliper. The testicular volumes by US and caliper were calculated using the for-
mula 0.71 x Length x Width x Height. The relationship between the measured volumes was determined using
Pearson’s correlation statistic and Student’s t test. The level of significance for all analysis was set at p <0.05. Their ages
ranged from 18 days to 13 years (median 3 years). There was significant correlation between testicular volumes (for
both sides, i.e. right and left) measured with the orchidometer and US (r=0.544; 0.537, p <0.001), significant correla-
tion between testicular volumes measured with the orchidometer and caliper (r=0.537;0.638, p < 0.001) and also
significant correlation between volumes measured by US and caliper (r=0.382;0.829, p<0.01).

Conclusion: Prader orchidometer testicular volume estimates correlate significantly with US estimates in children. In
resource-constrained settings, it could be used for an accurate and quick testicular volume assessment.
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1 Background

In children, adolescents and adults, the measurement of
testicular volume is very important in the initial assess-
ment of gonadal function, since it correlates well with
various indices of testicular function [1-5]. It has been
shown that about 70-80% of testicular parenchyma
consists of seminiferous tubules [4]. Thus, an accurate
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determination of the volume of the testis will assist in the
evaluation of patients suffering from a number of devel-
opmental, growth and functional abnormalities of the
testis such as Klinefelter syndrome (small testis), fragile
X-syndrome (macro-orchidism), undescended testis, var-
icocele and testicular torsion [6—11].

Various methods have been used in the evaluation of
testicular volume. Some of these are orchidometer, visual
comparison, calipers, ruler and ultrasonography [1, 4, 12,
13]. The Prader orchidometer is commonly employed in
the clinical evaluation of testicular volume, given that
it is relatively easier to use and is less time-consuming
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than ultrasonography (US) [14, 15]. There are many who
believe that US gives the most accurate in situ estima-
tion of the volume of the testis [12, 13]. Testicular vol-
ume measurements by US are calculated from measured
parameters [1, 4, 12, 13]. In order to obtain the true tes-
ticular volume, it has to be surgically removed and the
epididymis and other peritesticular tissues excised, after
which it is then immersed in a water containing measur-
ing cylinder to obtain its volume by water displacement
(Archimedes principle) [11, 13, 16]. This method is not
used for in situ testicular volume measurement.

Many workers believe that the testicular volume meas-
urements with US correlate closely with orchidometer
estimates [4, 15]. Some, however, have shown that the
orchidometer tended to overestimate the testicular vol-
ume, especially in small testes [12, 13]. This present study
aims to determine the correlation between testicular
volume measured with the Prader orchidometer, high-
resolution ultrasonography and intra-operative measure-
ments using calipers in children.

2 Methods

This is a prospective observational study of 127 boys pre-
senting to our hospital with non-emergent scrotal condi-
tions between January 2007 and October 2008. Ethical
approval was obtained from the research and ethics com-
mittee of the hospital. Informed consent was obtained
from parents and caregivers of recruited children and
assent from children older than 7 years.

After taking a detailed clinical history, physical exami-
nation of the scrotum was done in a warm room at
the paediatric surgery outpatient clinic. Volume esti-
mates of both testes were measured using the Prader
orchidometer.

All the subjects had ultrasonography (US) of their tes-
tes while supine and relaxed. The scans were done in the
radiology department of our hospital and were inter-
preted by a consultant radiologist. A high-frequency
transducer (7.5MHZ) and a Siemens diagnostic ultra-
sound machine [system 4900531-LH300, catalogue num-
ber 490056-LV300, serial number (BBE2355)] were used
for all the scans. The US report gave the testicular param-
eters measured, i.e. (L, H, W), where ‘L’ is the length of
the testis from the superior to the inferior pole; ‘H’ is
the height of the testis or its maximum dimension in the

Table 1 Testicular volume measurements by side and method
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antero-posterior or sagittal plane; and “W’ is the width
of the testis or its maximum dimension in the transverse
or coronal plane [17]. These measurements were used to
calculate the testicular volume.

Intra-operatively under general anaesthesia, measure-
ments of the testicular parameters (L, H, W) were taken
on the side of the pathology. The measurements were
taken under vision by opening the tunica vaginalis and
delivering the testis into the wound. Vernier calipers were
used to obtain the intra-operative measurements which
were used to calculate the testicular volume. All volume
calculations were carried out using the empirical formula
of Lambert (Length x Width x Height x 0.71) earlier
described by other workers [13].

Data were entered into a proforma prepared for the
study. Analysis was performed using SPSS version 15.0
for windows (SPSS Inc, Chicago IL). Descriptive statis-
tics were computed for continuous variables, while pro-
portions were used for categorical characteristics of the
study subjects. Pearson’s correlation statistic and the Stu-
dent’s t test were used to test for relationships between
the measured volumes. The level of significance for all
analyses was set at p <0.05.

3 Results

One hundred and twenty-seven participants were
recruited into the study. Their ages ranged from 18 days
to 13 years (median 3 years). Of the 127 patients in this
study, 63 (49.6%) had right hemiscrotal pathology, 45
(35.4%) had a left-sided pathology, while 19 (15%) of
them had a bilateral scrotal condition. In 45.9% (67/146)
of the conditions, the diagnosis was an inguinoscrotal
hernia, congenital hydrocoele in 42.5% (62/146), unde-
scended testis in 8.2% (12/146), symptomatic retractile
testis in 2.1% (3/146), recurrent testicular torsion in 0.7%
(1/146) and varicocoele in 0.7% (1/146).

In all, 254 testicles were examined in the 127 boys. Two
testes (one right and one left) were not palpable and thus
were not assessed with the orchidometer. Ultrasonog-
raphy (US) report was available for 116 right testes and
for 119 left testes. Intra-operative caliper measurements
were taken in 75 right and 55 left testes. Table 1 depicts
the mean testicular volumes, and the results of the cor-
relational analysis for various volumes measured (which

Side Orchidometer (mls) Ultrasonography (mls) Caliper (mls)

n Mean (SD) n Mean (SD) n Mean (SD)
Right 126 1.83 (0.94) 116 1.22(1.18) 75 0.40 (0.40)
Left 126 1.81(1.09) 119 1.16 (0.98) 55 0.45 (0.56)
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showed a significant correlation between the volume esti-
mates) are shown in Table 2 (also Figs. 1 and 2).

The orchidometer estimates of testicular volume were
significantly larger than the volume estimates obtained
using US on the right (£=6.636; p<0.001) and on the
left (¢=7.173; p<0.001) (Table 1). The mean testicular
volume measured with the orchidometer was higher on

Table 2 Correlation matrix of the methods of testicular
volume measurements by side

Side Volume RTVO RTVC RTVU

Right RTVO 1 0.537* 0.544*
RTVC 1 0.382**
RTVU 1

Left Volume LTVO LTVC LTVU
LTVO 1 0.638* 0.537*
LTVC 1 0.829*
LTVU 1

RTVO right testicular volume by orchidometer, RTVC right testicular volume by
caliper, RTVU right testicular volume by ultrasonography, LTVO left testicular
volume by orchidometer, LTVC left testicular volume by calliper, LTVU left
testicular volume by ultrasonography

*p<001; **p<01
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the right (1.83 mls) than on the left (1.81 mls), though
this was not statistically significant (¢=0.280; p=0.780).
Also the mean testicular volume measured with the US
was higher on the right (1.22 mls) than the left (1.16 mls),
and this also was not statistically significant (¢=0.571;
p=0.569).

4 Discussion

An important modality for the assessment of the func-
tion of the testis is the measurement of its volume [1-5].
It is more challenging, however, to accurately measure
the volume of smaller testes such as those of children
or some men with infertility due to testicular failure,
because of interference which may arise from the scrotal
skin and tissues around the testis [18]. The Prader orchi-
dometer is commonly used in the clinical assessment of
testicular volume, due to its relative ease, low cost and
reproducibility [14, 15]. Some workers have shown that
the orchidometer does overestimate the testicular vol-
ume measured, especially in small testes, as the scrotal
skin, the epididymis and other peritesticular tissues are
included in the measurement [11, 19, 20]. Testicular vol-
ume studies in an animal model using the orchidometer
have shown that volume overestimations of up to 30%
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may occur in testes whose actual volumes ranged from
between 1 and 15 mls [21]. The accuracy of testicular
volume measured with the orchidometer has, however,
been shown to be influenced by the observer’s experience
[4, 15, 22]. There is no consensus, however, on whether
or not the reliability of the testicular volumes measured
with the Prader orchidometer varies with the age of the
subject [14]. Although the median age of the patients in
this study was 3 years, their ages varied widely between
18 days and 13 years.

Although the method of testicular volume meas-
urement judged to be the most accurate is still being
debated, there are many who believe that ultrasonogra-
phy (US) gives the most accurate in situ estimation of
the volume of the testis [4, 12, 13, 18]. It is commonly
believed that US gives an excellent assessment of the
volume of the testis which is reproducible, accurate and
objective [23]. Testicular volume determination by US
is calculated from measured parameters (Length[L],
Width[W] and Height[H]) of the testis gotten by using
a high-frequency (7.5 MHz) transducer to scan the testis
in multiple planes [1, 4, 12, 13]. The testis is believed to
be an approximate ellipsoid, and its volume is thus cal-
culated from inputting its measured parameters (Length,
Width and Height) into various formulae [1, 12, 13]. In

a study by Paltiel et al., which compared the testicular
volumes gotten using various formulae (the formula for
a prolate spheroid: L x W? x 0.52; the formula for a pro-
late ellipsoid: L x W x H x 0.52; the Lambert empiric
formula: L x W x Hx 0.71) to that gotten by water dis-
placement (true testicular volume) in a canine model, it
was shown that the empiric formula of Lambert approxi-
mated most closely to the true testicular volume [13]. A
study in human adults who underwent orchidectomy for
the management of carcinoma of the prostate showed
a similar result [16]. Lin et al., however, have shown in
their study that the empiric formula of Lambert may not
be the most accurate formula for the estimation of tes-
ticular volume in smaller testes [18]. All the volume cal-
culations carried out in this present study employed the
empiric formula of Lambert.

Ultrasound-measured testicular volume is depend-
ent on the experience of the operator, as inter-observer
and intra-observer variations have been reported [24].
Although it has fewer problems with soft tissue inter-
ference, the testes being elastic in nature and easily
deformed by the applied transducer pressure could give a
falsely larger length and a wider width during ultrasonog-
raphy [14, 18]. Also given that the testis is not perfectly
an ellipsoid and that its shape is not regular, application
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of the ellipsoid formulae in its volume calculations may
not yield an accurate figure [11]. Cha et al. showed that
US underestimated testicular volume in children with
statistical significance [25]. The similar results have also
been reported in adults for the three commonly used US
formulae for the calculation of testicular volume [16]. An
additional advantage, however, in the use of US in tes-
ticular volume assessment is that it provides information
on intrascrotal and intratesticular pathologies, thus mak-
ing it complimentary to the orchidometer in testicular
function assessment.

Various authors have shown in their studies that tes-
ticular volumes obtained using the orchidometer corre-
lated well with volumes obtained using US and with the
true testicular volume obtained by water displacement
[4, 11-14, 21, 26, 27]. This present study also has shown
that testicular volumes measured with the Prader orchi-
dometer in children correlated significantly with volumes
measured by US and with intra-operative caliper meas-
urements. In this study, the testicular volumes estimated
by the Prader orchidometer for both the left and the right
testicles were significantly larger than those measured
using US. This is, however, at variance with the findings
of Tatsunami et al., who compared testicular volume
measurements in adult (age range 20-26 years) volun-
teers [22]. Intra-operative caliper-measured mean tes-
ticular volumes were lower than those measured by US
and the orchidometer for both the right and left testes.
This may be because the caliper measurements were only
taken on the testes on the side of the pathology which
may have affected the volumes. Adaletli et al. had earlier
documented that flattening of the testes was noticed in
22% of children with hydrocoeles, and that 8% of them
had testicular atrophy [28].

Also our data showed that for both US and orchidom-
eter measurements, the right testicular volumes were
larger than the left; however, there was no statistical sig-
nificance. This may be explained by our small sample size
[29]. Similar findings have been reported by other work-
ers [26, 27]. The observed difference between the vol-
umes of the right and left testes may be explained by the
more prominent pampiniform plexus and more sluggish
venous drainage on the left side (due to the perpendicular
drainage of the left testicular vein into the left renal vein)
which results in a warmer and smaller ipsilateral testis
[20, 27].

5 Conclusions

Our results show that testicular volumes measured
with the Prader orchidometer correlated significantly
with those measured by ultrasonography and intra-
operative caliper measurements in children. The Prader
orchidometer can thus be used in resource-constrained
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settings for a quick and reliable testicular volume assess-
ment in children. Given that the testicular volumes
measured with the orchidometer were significantly
larger than those measured by ultrasonography in the
present study, a clinical assessment of testicular volume
in children using the Prader orchidometer is recom-
mended in situations in which the absolute testicular
volume is not required.
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