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Abstract

Aim: To perform quality control studies on testicular volume measurements for a multi-center epidemiological study
of male reproductive function.  Methods: We constructed a data matrix with a balanced assignment for 2 consecutive
days by ten investigators (andrological career: 4–21 years) from five institutions and 12 male volunteers aged 20-26
years. Testicular volume was measured by Prader’s orchidometer.  A skilled technician also performed an ultrasound
estimate of testicular volume.  Results: A statistically significant inter-investigator variation was found for both testes
(P < 0.05).  In addition, there was a statistically significant investigator-by-volunteer interaction in testicular volume
measurement (P < 0.01).  However, there was no statistically significant difference in the two measurements performed
on consecutive days for either testis.  The testicular volumes for both the right and left testes as estimated by ultrasonog-
raphy were smaller than results using the orchidometer. However, there was no statistical significance (P > 0.05).  The
difference in experiences of the investigators did not significantly correlate with accuracy of measurements in either
testis.  Conclusion: The present study revealed significant differences in the results of estimation of testicular volume
among the ten investigators, but intra-investigator variation was not considerable.  Improved training and proper
standardization of the measurement will be necessary before starting a multi-center study based on an andrological
examination.  (Asian J Androl 2006 May; 8: 373–378)
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1    Introduction

Testicular volume is indicative of the status of sper-
matogenesis [1–2].  As the seminiferous tubules comprise
70–80% of the testicular mass, testicular size strongly
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2.2  Measurements of testicular volume
Six volunteers were examined simultaneously in sepa-

rate consultation rooms.  Each of the ten investigators
circulated between the rooms with 6 min allotted for each
measurement.  Then another 6 volunteers were also ex-
amined in the same way.  Testicular size was estimated
using Prader’s orchidometer [4] with graded sizes (1-2-
3-4-5-6-8-10-12-15-20-25 mL).  The investigators were
allowed to interpolate and extrapolate between the dif-
ferent sizes of the ellipsoids.  The measurements were
repeated using the identical procedure on the following
day.  Examinations were performed blindly so that each
investigator did not know the results obtained by other
investigators.  The consultation rooms were kept at 28ºC
on both days without air conditioning.

2.3  Ultrasound measurement of testicular volume
Measurement of testicular volume by ultrasonogra-

phy was performed by a skilled technician on the first
day of the study using a combex scanner (SSD-2000;
Aloka Co. Ltd., Tokyo, Japan) with a 7.5 MHz transducer.
Scanning was performed in the longitudinal and trans-
verse plane and testicular volume (V) was calculated af-
ter measuring the longitudinal axis (A) and two perpen-
dicular dimensions (B, C) using the following formula
[11–12]:

V = 0.71 × A × B × C (1).

2.4  Statistical methods
2.4.1  Comparisons of testicular volume in 12 volun-
teers measured by ten investigators

Measured volumes of left and right testes were com-
pared using both paired and unpaired t-tests.  In the paired
t-test, left and right measurements were matched with
each other in the same volunteers, whereas right and left
datasets were treated independently in the unpaired t-
test.

Intra-investigator variation between measurements
performed on consecutive days and inter-investigator varia-
tion were evaluated by analysis of variance (ANOVA).  To
determine to what extent the variation is a result of
investigators, institutions, day of measurements, testis
sides, as well as volunteers, the total dataset was sub-
jected to a 5 × 10 × 2 × 2 × 12 (institutions × investiga-
tors × days × sides [left and right] × volunteers) mixed-
model ANOVA with institutions, investigators and volun-
teers as random effects and days and sides as fixed

correlates with sperm count [3].  Therefore, accurate
measurement of testicular size in male infertility clinics
is important.  Generally, testicular size has been calcu-
lated by measuring length, width and/or depth diameter
of the testes using calipers or has been measured using
an orchidometer [4].  Takihara et al. [5] developed
punched-out elliptical rings with the volume of the ellip-
soids indicated on each ring; correlation with actual tes-
ticular size determined by water displacement of testes
after castration was better than data obtained using
calipers.  Although ultrasound measurement is generally
believed to provide a reliable estimatian of testicular size
[6–8], measurement by Prader’s orchidometer [4] has
been one of the most frequently-used conventional me-
thods in andrologic clinics.  However, few studies have
compared intra/inter-investigator measurements as well
as inter-institutional values.  We participated in an inter-
national epidemiological study of male reproductive func-
tion that was organized by Skakkebeak at Copenhagen
University [9].  As a part of this study, we determined
the current status and regional differences in young men’s
reproductive function in five cities in Japan.  Before be-
ginning this research, we performed a quality control
study of testicular volume measurements.

We constructed a data matrix with a balanced as-
signment for 2 consecutive days using ten investigators
from five institutions and 12 volunteers.  We analyzed
inter-investigator as well as intra-investigator variations
in the measurements of testicular volume.

2    Materials and methods

2.1  Subjects
Twelve healthy young male volunteers, university

students aged from 20 to 26 years, participated in the
present study.  The volunteers had already participated
in an international epidemiological study on male repro-
ductive function in healthy young men.  Four men had
no varicocele, 2 had Grade 1 varicocele, 3 had Grade 2
varicocele and 3 had Grade 3 varicocele according to the
Dubin and Amelar classification [10].  An experienced
urologist (Dr Teruaki Iwamoto) determined the grade.
All varicoceles were unilateral and left-sided.  Ten urolo-
gists from five institutions having a mean of 11 years
(4–21 years) of clinical experience in an andrology clinic
served as investigators in this quality control study of
testicular volume measurement.  There were two urolo-
gists from each of the five institutions.
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effects, and investigators nested within institutions [13].
Institutions and volunteers were cross-classified random
effects, as were investigators and volunteers.  The two
fixed effects were also modeled as crossed.  The model
included interactions of all non-nested factors.  Variance
components for random factors and variance because
of fixed factors were calculated by setting the observed
means squares equal to the expected mean squares.

2.4.2  Relation between clinical experience of investiga-
tors and measurement skill

To evaluate the relation between the clinical experi-
ence of investigators and measurement skill using the
orchidometer, we computed the deviation of estimation
of testicular volume in the j-th investigator (j = 1, 2, ...,
10) from the results of ultrasonography.  Therefore, we
computed the sum of squares (SSQj) of the deviations
defined as follows:

SSQj =
2)(∑ −

k
iji Vu (2),

where ui is the testicular volume from ultrasonography
for the i-th volunteer (i = 1,2, ...,12), and Vij is the esti-
mated volume for the i-th volunteer by the j-th investiga-
tor using the orchidometer.  The summation suffix k is
the number of volunteer, but it varies from 1 to 24 in
Eqn 2, corresponding to a total of 24 measurements for
12 volunteers with a repetition.  Then, the relationship
between years of clinical experience of the j-th investi-
gator and SSQj was evaluated by linear regression analy-
sis for both left and right testes.

3    Results

3.1  Mean volumes of left and right testes
The mean ± SD of the measured volumes of the left

and right testes measured in the 12 volunteers by the ten
investigators were (19.1 ± 5.4) mL (n = 240; 95% confi-
dence interval [CI]: 18.4–19.7 mL) and (20.7 ± 5.0) mL

(n = 240; 95% CI: 20.1–21.3 mL), respectively (Table 1).
The mean volume of right testes was 1.6 mL larger than
that of left testes.  Statistically significant difference
(P < 0.001) was found using both the paired and unpaired
t-tests.  The testicular volumes for both the right and left
testes as estimated by ultrasonography were smaller than
results using the orchidometer.  However, there was no
statistical significance (P > 0.05) (Table 1).

3.2  Intra-investigator and inter-investigator variation
We summarized the results of ANOVA in Table 2.

Between two datasets corresponding to repeated mea-
surements performed on two consecutive days, no sta-
tistically significant difference was detected (P = 0.708).

The variation among investigators nested within each
institution was statistically significant (P = 0.017); however,
the variation among institutions was not followed by a
statistical significance.

The variance component for volunteers was readily
discriminable from zero and was larger than that for in-
vestigators nested within institutions.  The variance com-
ponent for the interaction of investigators and volunteers
was of the same magnitude as that for investigators alone,
and was likewise statistically significantly different from
zero (P = 0.008).  This indicated that testicular measure-
ment by an investigator varies by one or more character-
istics of a volunteer.

Strong statistical evidence of a difference (P < 0.001)
between measurements of volume of left and right testes
is shown in Table 2, as was consistent with the results
of t-test.

The results of testicular measurements in the 12 vo-
lunteers are summarized in Figure 1 (left testes) and Fi-
gure 2 (right testes) by box plots.  Each box represents
the distribution of 20 measurements obtained by the 10
investigators in the two consecutive days.  In both Fi-
gures 1 and 2, various types of distribution of testicular
measurements are represented.  In addition, there are
several values evaluated as outliers.

Table 1.  Statistical parameters from measurements of the left and right testicular volumes in mL.  cP < 0.001, compared with the right side;
aP > 0.05, compared with the ultrasound measurement.  CI, confidence interval.
                                               Estimation by orchidometer                                                  Ultrasound measurement

Side                   n             mean (mL)          SD                  95% CI                              n               mean (mL)        SD
Both 480 19.9a 5.2 19.4–20.3

         
24                  18.7               7.4

Left 240 19.1c 5.4 18.4–19.7          12                  17.0               7.1
Right 240 20.7 5.0 20.1–21.3          12                  20.5               7.6
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3.3  Relation between variations in estimation and tes-
ticular size

The coefficients of variation; that is, the ratio of stan-
dard deviation to the mean computed in the each box in
Figures 1 and 2 ranged from 5% (Volunteer No.11, right
testis) to 21% (Volunteer No.1, right testis), are illustrated
in Figure 3.  The coefficients of variation were signifi-
cantly dependent on size for both the left (r = –0.84,
P < 0.001) and right (r = 0.91, P < 0.0001) testes.

3.4  Clinical experience of investigators and reliability
of testicular volume measurements

The relation between the sum of squares from Eqn 2
and clinical experience of investigators in years is illus-

trated in Figure 4 for both testes.  There was an identical
tendency that the sum of squares slightly decreased with
increases in investigator experience.  However, the cor-
relation was not statistically significant for either the left
(r = –0.28, P = 0.43) or right (r = –0.20, P = 0.58) testis.

4    Discussion

In measuring testicular volume with Prader’s
orchidometer, which is one of the most frequently-used
conventional methods, clinical experience is sometimes
required to obtain satisfactory accuracy [14].  Actually, a
significant variation among investigators in measurements
using Prader’s orchidometer was detected by Carlsen et al.
[14].  The coefficients of variation computed for each
testis ranged from 5% to 21% in our investigation

Table 2.  Results of ANOVA. NCV means non computable value
which is so tiny close to zero that it was obtained as negative value
in the numerical computation.
  Source of variation                             Estimated   Probability
                                                                    variance
Single components
Institution NCV    0.75
Investigator nested within institution   1.30    0.017
Day of measurement NCV    0.708
Testis side   1.28 < 0.001
Volunteer 23.00 < 0.0001
Cross components including investigator
Investigator × Volunteer   0.98    0.008
Investigator × Day of measurement   0.08    0.23
Investigator × Testis side   0.40 < 0.001

Figure 1. Box plots of estimated testicular volume of the left testis
of the 12 volunteers by ten investigators.  The 25th and 75th percen-
tiles of the data define the top and bottom of the rectangles. The
bullet and bar in the box indicate the median and mean, respectively.
Upper and lower vertical segments express the maximum and mini-
mum except for outliers indicated by open circles.

Figure 2. Box plots of estimated testicular volume of the right testis
of the 12 volunteers by ten investigators.

Figure 3. Plots of the coefficient of variation (%) in the estimation
of testicular volume. The value of coefficient of variation among 10
investigators’ estimation for each testis is expressed by closed (left
testes) and open (right testes) squares with linear regression lines
(solid line, left testes; dotted line, right testes).
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(Figure 3).  This could be considered comparable to the
observation by Carlsen et al. [14] of an inter-observer
error in testis size of 16%.

The gradations of volume in the present orchidometer
are 5 mL for measurements larger than 15 mL.  Therefore,
it might be proposed that the larger the testicular volume,
the larger the variation in estimation.  However, our re-
sults showed that the coefficients of variation decreased
with larger testis volume.  However, this finding might
imply that there is a risk that the larger variation in mea-
surements of smaller testes might result in overlooking a
diagnosis of infertility by physical examination.

The mean ± SD of the measured volumes of the left
and right testes measured in the 12 volunteers by the ten
investigators were 19.1 ± 5.4 mL (n = 240; 95% CI: 18.4–
19.7 mL) and (20.7 ± 5.0) mL (n = 240; 95% CI: 20.1–
21.3 mL), respectively as summarized in Table 1.  These are
within the range of normal adult testicular size from 13.8 mL
to 21.4 mL that is proposed by Takihara et al. [5] in Japa-
nese men.

The mean volume of right testes was significantly
larger than that of left testes, with a 1.6 mL difference
(Table 1).  This was similar to results obtained using a
wooden orchidometer by Jorgensen et al. [15] from
Finland, Estonia and Denmark.  However, there are 8
men with unilateral left varicocele among the present 12
volunteers.  Therefore, there is a possibility that the dif-
ference of the testis size was affected by the varicoceles
in the left testes.

The variance component for the interaction of in-
vestigators and volunteers was of the same magnitude

as that for investigators alone, as summarized in Table 2.
This suggests that the variance for an investigator varied
as a function of one or more characteristics of a volunteer,
the most obvious candidate characteristic being mean
testicular volume of the volunteer.  In fact, variation in
an investigator’s measurement of testicular volume var-
ied with mean testicular volume of the volunteer, as dis-
played in Figure 3.

Ultrasound measurement is generally believed to give
a more precise estimate of testicular size than measure-
ments using an orchidometer; also, usually smaller vol-
umes compared to those using an orchidometer have been
reported [6, 8, 14].  In agreement with those studies, we
found lower estimates using ultrasound than using the
orchidometer.  The difference among means from ultra-
sonography and orchidometer in Table 1 is not statisti-
cally significant.  However, the difference would become
larger and statistically significant if we used the coeffi-
cients p/6 instead of 0.71 in Eqn 1 [8].

Fuse et al. [7] concluded that ultrasonography should
be the preferred method when quantitative estimates of
testicular volume are required.  However, the usage of an
orchidometer is still clinically valuable for a rapid and rough
assessment of spermatogenesis and sexual maturation.

Accuracy of measurement of testicular size using an
orchidometer is dependent on experience [4, 14].  Therefore,
in our study, the difference among the individual investiga-
tors might have reflected differences in past experience.
Using results from ultrasound measurements, we evalu-
ated the accuracy of the estimates by the present
investigators.  Ultrasound can be considered a reliable
means of evaluation: Tajima [16] observed precise co-
incidence of testicular volume by ultrasound measure-
ment with the volume of 34 actual testes extracted from
17 Japanese men.  Values of SSQj from Eqn 2, that is,
the sum of deviations of orchidometer estimations from
the results of ultrasonography, showed no statistically
significant dependence on clinical experience of the in-
vestigators (Figure 4).  Therefore, the present study does
not show a precise association between investigator ex-
perience and the quality of measurement.

Practically, it is difficult for many investigators from
various institutions to get together and diagnose an identi-
cal group of volunteers or patients at one time.  Therefore,
in multi-center studies, the random effect model has some-
times been used to estimate variance components from a
dataset with a partial lack of measurements [14, 17, 18].
However, our data is balanced; that is, all measurement

Figure 4. Plots of the sum of squares of deviation and clinical expe-
rience of the investigators in the left (closed circle) and right (open
circles) testes. The sum of squares of the deviation is a measurement
of deviation in estimation using the orchidometer from the results of
ultrasound measurements for the each investigator. Regression lines
are also indicated for left (solid line) and right (dotted line) testes.
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data were completely obtained for both investigators and
volunteers.  In this context, the significance of the re-
sults of the present measurements is notable.

In conclusion, the present study revealed statistically
significant differences in the results of testicular volume
estimation among ten investigators, but intra-investiga-
tor variation was not considerable.  In this context, im-
proved training and proper standardization of measure-
ment techniques such as periodic comparison with ul-
trasonography will be necessary before starting a multi-
center study based on andrological examinations and clini-
cal experience at infertility clinics.
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