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Ultrasound assessment of testicular volume -An interobserver variability study
Abstract
Background
Ultrasonography measurement of the testicles and subsequent calculation of the testicular volume is
recommended as a part of a standard scrotal ultrasound examination. The interobserver variability of
testicular volume measurement has implications for surgical recommendations. Therefore, this study

aimed to investigate the interobserver variability in the measurement of testicular volume.

Methods

Interobserver variability was established by comparing testicular measurements performed by two
observers on the same patient during the same clinical appointment. The observers were blinded to
each other’s measurements. Testicular volume was calculated using the Lambert formula: length x
width x height x 0.71. A total of three observers, A, B and C, participated in the study. The observers

had between 4 to 20 years’ experience with scrotal ultrasound examinations.

Results

In total, 24 patients’ were included (48 testicles). The patient’s mean age was 43 years (range 19-75
years). The overall mean right testicular volume was 19.8 ml (range 7.3 — 31.6 ml), and the left was
20.1 ml (range 7.1-36.1 ml). The interclass correlation coefficient (ICC) between observer A and C was
excellent (ICC= 0.98, CI:0.92-0.99), between observer A and C, was excellent (ICC=0.91, CI: 0.77-
0.97) and between B and C good (ICC=0.82, CI:0.51-0.93).

Conclusion
Variability in estimating testicular volume is low, with interobserver agreement ranging from good to

excellent. Ultrasound provides a highly reproducible tool to determine testicular volume.
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Introduction
The testicle is an oval-shaped organ found extra-abdominally inside the scrotum. Testicular volume

(TV) is associated positively with testosterone level, fertility, and risk of testicular cancer (1, 2). TV is
used to evaluate testicular condition such as prepuberty, varicoceles, testicular function, testicular
cancer, and atrophy (3-7). TV estimation may be performed using an orchidometer; however this
method has been shown to overestimate the TV (8) and has a high interobserver variance (9, 10). The
superficial location of the testicles is ideal for high-frequency ultrasound examination. Measuring TV
during ultrasonography is more accurate than an orchidometer (9, 11, 12) and is now considered the
gold standard (13, 14). Therefore, TV should be part of a standard scrotal ultrasound examination
during primary investigation for testicular cancer (15, 16). A high degree of accuracy and

reproducibility most be the standard when measing and hence calculation the TV.

The typical size of the testicle is up to 5 cm in length, 3 cm in width, and 2-3cm in height (17).
Ultrasound measurement evaluation is performed with three maximum diameters: anterior-posterior
(hight), transverse (width) diameter in transverse scan, and longitudinal diameter (length) in
longitudinal scan. Calculation of TV is performed using a mathematical equation. Currently, there is no
standard formula when calculating TV. Lambert’s formula is recommended by the European Society of
Urogenital Radiology (ESUR) (18, 19) and uses length x width x height x 0.71 (4, 12, 20-23), while
European Academy of Andrology (EAA) prefers the formula length x height x width x 0.52 for both
TV and prostate volume (24). Furthermore, some ultrasound machines can today measure TV but it is
not always possible to have available information on type of equation the manufacture have used per
standard. Recently the Lambert formula length x width x height x 0.71 is preferred (25-27) to calculate

the TV, while others prefer formulas such as w/ 6 x length % height x width (5), or length x height x



width x 0.52 (7, 28). One study investigated 30 testicles using three different volume formulas and
found the formula of Lambert to be the optimal choice in clinical practice (21). Alternative testicular
size assessment can be performed by orchiodometry; which is a tool placed directly on each testicle to
measure height, length, and width on the widest part. However, this method is a rough estimate and

tends to overestimate TV (26, 29).

The ESUR guideline established atrophic testicles to be less than 12 ml, and atrophic testicles may be a
risk factor for testicular cancer (30). Additionally, the relation between atrophic testicles and testicular
microlithiasis is debated (5). Studies on intra- and interobserver variability on ultrasound TV
measurements are limited. Sorokin et al. compared inter-institutional and inter-observer variability
between two settings and found TV to vary significantly (31). Welliver et al. found a 20% difference in
paediatric TV measurements (32). Conversely, Oehme et al. found no significant mean interobserver
differences in ultrasound-measured TV (12).

Testicular ultrasound is the gold standard modality. Urological clinical guidelines advocate scrotal
ultrasound to include TV measurement (3). Scrotal ultrasound investigation for example measurement
of varicocele, measurement of testicular tumor all requires accurate measurement before surgical
intervention. Few studies have established the ultrasound interobserver agreement, but it is important to
provide clinicians with information about the measurement variation. Therefore, this study aimed to
investigate the interobserver variability of ultrasound testicular volume in patients referred from

general practice to scrotal ultrasound examination.

Methods



The National Data Protection Agency and the Hospital Institutional Review Board approved this
prospective study (Identification number 18/62866). Informed consent was mandatory, and patient

participation was voluntary.

Consecutive patients undergoing scrotal ultrasonography at the Department of Radiology were invited
to participate. Patients were referred by their general practitioner and were eligible if they were above
the age of 18 years. Testicular cancer was an exclusion criterion. Indications for the scrotal

examination were recorded.

A Hitachi HI VISION Ascendus (Hitachi Medical Systems GmbH, Wiesbaden, Germany) was used.
The scrotal examinations was performed with one of the following linear Hitachi transducers; EUP-
L74M or EUP-L75, both with broadband operating frequency ranges of 5.0 to 13.0 or 5.0 to 18.0 MHz,
respectively. The procedure was performed with sufficient privacy, and the patient was supine.
Adequate amounts of gel were applied to the scrotal area. When obtaining the testicular measurements,
the minimum pressure was applied to avoid distorting the shape of the testicle. First, a longitudinal
view was performed, measuring the length (L) of the testicle followed by the height (H). Subsequently,
the transducer was turned 90 degrees to assess the testicle in the transverse plane and measure the
width (W). Testicular measurements were performed on both testicles. Still images and cine loops were
recorded and stored in the Picture Achieve Communication System (PACS, Easyviz Impax
Workstation, Medical Insight Valby, Denmark) Department of Radiology. TV was calculated using the
Lambert formula: length x width x height x 0.71 (20, 21). Volume calculations were performed in

Microsoft Excel (version 16.75).



Three observers (observer A, B and C) performed scrotal investigation independently. The
interobserver variability was assessed between observer A and B, observer B and C, and observer A
and C. All observers had between 4 to 20 years of experience in scrotal ultrasound examinations. All
the patients had a standard scrotal ultrasound investigation performed independently by two of the three
observers, including measurements of the testicle’s length, width, and height of both testicles. First, one
of the observers performed the clinical ultrasound examination, including length, width, and height
measures. Then the first observer left the ultrasound room, and another observer entered and performed
the same measurements, blinded to the results of the previous observer. A template was provided to

note the scrotal measurements. An example of ultrasound measurement is shown in Figure 1.

Statistical analysis

Data were analyzed using IMB SPSS statistics software version 27.0 (IMB cooperation, Armonk, New
York, US). Continuous variables were described by their mean and standard deviation (SD) and
categorical variables by their number and percentage. Interobserver agreement was calculated using the
interclass correlation coefficient (ICC) and interpreted as poor (<0.5), fair (0.51-0.75), good (0.76-0.90)
and excellent (>0.90) (33). Bland-Altman plots were conducted to assess the limits of agreement
between the observers (34, 35) by plotting the difference between the TV and the mean TV of each
testicle. Bland Altman plots are a simple method to accurately visualize agreement between two
observers. A strength of this method may be to help in clinical decision-making or compare methods

against another or a reference. Bland-Altman plots was set at 95% confidence internal.

Results



A total of 24 patients were included in the study. The mean age was 43 years ranging from 19 to 75
years. Table 1 shows the indication for ultrasound examination.
The mean volume of the right testicle was 19.8 ml ranging from 7.3 ml to 31.6 ml. The mean left TV

was 20.1 ml ranging from 7.1 to 36.1 ml.

The overall mean values for observer A compared with observer B were 18.7 (SD=6.1) versus 18.7 ml
(SD=5.7), respectively. The average mean value for observer B compared with observer C was 22.4
(SD=4.1) versus 22.6 ml (SD=3.9), and for observer A compared with observer C 17.7 (SD=5.3) versus
18.9 ml (SD=6.6). A difference between the ultrasonographer of more than 20% occurred in 12.5 % of

the cases (6 out of 48 testicles).

Interobserver agreement between observer A and B (n=12 testicles) was excellent, with an ICC of 0.98
(95% CI: 0.92-0.99). Interobserver agreement between B and C (n=18 testicles) was good, with an ICC
0f 0.82 (95% CI: 0.51-0.93). Interobserver agreement between A and C (n=18 testicles) was excellent,
with an ICC of 0.91 (95% CI: 0.77-0.97). The Bland-Altman plots (Figure 2, 3 and 4) showed low
variability between the observers, e.g., A and B had an excellent degree of agreement (between <4 mm

up to >-4 mm).

Discussion

The current study showed good to excellent interobserver agreement on the TV calculation, with ICC
0f 0.82, 0.91 and 0.98. Variations in the placement of the cursor can affect the length, width, and height

measurements and subsequently the results. A study demonstrated that a 1 mm increase in length,



width and height could result in a 2-10% difference when calculating the TV (31). In this study we
found 20% difference in TV occurred in 12.5% of the patients. Our study had a small number of

patients. Nevertheless, we found observers to have a high degree of agreement, which is confirmed by

the ICC.

We found a TV mean of 19.8 ml (SD=5.4) in the right testicle and 20.1 ml (SD=5.7) in the left testicle.
In general, testicular volumes vary according to the population examined i.e., infertile people, different
countries, age etc. Huang et al. found a mean right TV of 14.7 and left 14.3 ml in males being tested for
infertility (36). Hoai et al. found right TV of 13.9 and left of 13.3 ml in a cohort of Vietnamese adults
(37). Pozze et al. reported TV of 15.0 ml in the right, and 14.0 ml in the left testicle (6), and Lenz
reported a median of 14.5 ml in the right testicle and 13.0 in the left (28). TV varies depending on
ethnicity and also age may affect fertility. A study investigated white European males found TV was
lower in infertile men compared to fertile (15.0 ml vs 22.5 ml) (2). Difference between testicles is a
common finding for example Vagane¢ et al. investigated 345 adolescents and found that one out of five
had a smaller testicle (38). Furthermore, we found a good up to excellent ICC between the observers

with 0.82, 0.91 and 0.98).

An interobserver study can help determine the level of expertise and training required by medical staff.
By identifying the level of agreement, this study provides a reliable basis for diagnostics and follow-up
for example tumours, hydrocele, and varicocele. For patients under primary investigation for testicular
cancer TV is used to evaluate the size of the affected testicle compared to the contralateral. TV of the

healthy testicle can potentially decrease the need for additional biopsies in the future (15). Furthermore,



patient safety is expected to increase when there are performed accurate and consistent measurements

and potentially better treatment planning.

Limitations

The study was conducted over a period of two years, from January 2020 to December 2021. To include
patients, two of the three observers had to be present in the ultrasound clinic during the patient’s scrotal
examination, which was often not possible due to other work-related tasks, covid-19, and long-term
illness in department staff.

A strength of the study was that all examinations were performed in the same ultrasound machine.
Furthermore, it is a strength that this study was planned and executed as a prospective study, whereas
most published studies are retrospective. Another strength is the real-life setting of this study, which
represents clinical practice. Another strength of this study is that patients were selected on their clinical
referral and presentation which replicates the realistic setting of an ultrasound department. Future
studies could evaluate interobserver variance divided on various testicular conditions and including the

interobserver variation of elastography measurements.

Conclusion

Variation in measurements exists, but we found a negligible interobserver variation in TV between
ultrasonographers, ranging from good to excellent. Ultrasound provides a highly reproducible tool to

determine TV, however variation in measurement occurs.
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Figure and table legends

Table 1. Scrotal ultrasound indication.

Figure 1
Ultrasound images with red arrows indicating how to perform measurements of the testicle
length (A), width (B) Height (C) in a patient aged 19 years old referred to a scrotal ultrasound
due to testicular pain.

Figure 2

Figure 2. Bland-Altman plot showing interobserver agreement of testicular volume on B-
mode ultrasound between Observer A and B. The x-axis shows the mean of the two
measurements, and the y-axis shows the difference between the two measurements. Black
line equals the mean difference between observers, and the dotted lines equals the + 95%
(+1.96 SD) limits of agreement. The circles indicate right testicular measurement and square
is the left testicle.

10



Figure 3

Figure 4

Figure 3. Bland-Altman plot showing interobserver agreement of testicular volume on B-
mode ultrasound between Observer B and C. The x-axis shows the mean of the two
measurements, and the y-axis shows the difference between the two measurements. Black
line equals the mean difference between observers, and the dotted lines equals the + 95%
(+1.96 SD) limits of agreement.

Figure 4. Bland-Altman plot showing interobserver agreement of testicular volume on B-
mode ultrasound between Observer A and C. The x-axis shows the mean of the two
measurements, and the y-axis shows the difference between the two measurements. Black
line equals the mean difference between observers, and the dotted lines equals the + 95%
(+1.96 SD) limits of agreement.
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