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ABSTRACT
PURPOSE: To compare the measurement of the testicular volume of Wistar rats using a caliper and ultrasonography. 
METHODS: Forty Wistar rats were randomly assigned into four groups. A tensile force of 1.6 Newton (N) and 1.0 N was applied to the 
right spermatic cord in group I and group II, respectively. Group III was the sham group, and group IV served as a control. The initial 
and final testicular volumes were measured using a caliper and ultrasonography and compared. A significance level of 5% was used. 
RESULTS: The Kappa coefficient was equal to 0.292 (p = 0.006). The Pearson correlation coefficient obtained for the percent reduction 
in the right testicular volume using ultrasonography and a caliper was equal to 0.696 (p < 0.001). 
CONCLUSION: There was reasonable agreement and a significant positive correlation between the percent reduction in the right 
testicular volume using ultrasonography and a caliper.
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Introduction

The measurement of testicular volume is important in 
the evaluation of patients with diseases that affect the growth 
and development of the testes. Therefore, the measurement of 
testicular volume is useful for assessing pubertal development and 
the damage caused in this organ by trauma, orchitis, epididymitis, 
vasectomy, and inguinal hernia. In addition, it can serve as a 
parameter for the treatment of diseases that compromise fertility. 
Testicular volume reflects spermatogenesis because approximately 
70% to 80% of the testicular mass consists of seminiferous 
tubules, and these structures are correlated with the count, motility, 
morphology, and daily production of sperm cells1. 

The aim of the present study was to compare the 
testicular volume of Wistar rats measured with a caliper and with 
ultrasonography. 

Methods

The present study was approved by the Ethics Committee 
on Animal Use, Universidade Federal de Minas Gerais, under 
protocol nº 86/2012. The animals were handled according to the 
procedures for the use of experimental animals recommended by 
the Brazilian Society of Science in Laboratory Animals/Brazilian 
School of Animal Experimentation. 

Forty adult Wistar rats, with an average age of 128.8 
± 3.5 days, were used. The animals were anesthetized via an 
intramuscular injection of 10% ketamine hydrochloride at 60 mg/
kg and 2% xylazine at 10 mg/kg.

The experimental plan included the performance of 
two surgeries. Preoperatively, a veterinarian made the ultrasound 
examination of the right and left testes and calculated the testicular 
volume of all rats, blindly, without prior knowledge of the animal 
groups evaluated.

The testicular volume calculated preoperatively in the 
first surgery was designated the “initial testicular volume”, and the 
testicular volume calculated preoperatively in the second surgery 
was designated the “final testicular volume”.

In the first surgery, surgical access was achieved via a 
longitudinal paramedian supratesticular incision on the right 
side. The right side of the scrotum was standardized as the side 
of choice for the procedure. The left side of the scrotum was not 
manipulated. The right spermatic cord, testis, and epididymis were 
exposed through this incision. A window was created in the right 
spermatic cord between the vas deferens and the testicular vessels, 
near the epididymis. A Kenzaki Release 11® carbon steel fishing 
hook with a barbless shank and a barbless point was introduced 
into this window. This type of hook is used to avoid trauma to 

the components of the spermatic cord. A 1-m-long thread of 2.0 
monofilament nylon was used to tie the hook to the dynamometer 
(Figure 1), first passing through a simple pulley (EQOO8.56, 
CIDEPE®).

FIGURE 1 - The hook was introduced into the window created in the 
right spermatic cord and is tied to surgical thread in order to help with the 
traction process.

The dynamometer and pulley were fixed on a 46.5 x 62.0 
cm magnetic board (model TBF-106 MINIPA®) and mounted on 
a 97 x 85 x 34 cm multipurpose demonstration structure (model 
TBF-100 MINIPA®) containing a 93 x 32 cm shelf (model TBF-
101 MINIPA®). A continuous traction force in the horizontal 
direction was applied to the right spermatic cord in the distal 
direction for 5 minutes (Figure 2). The gubernaculum was not 
sectioned in the first surgery. Subsequently, the right spermatic 
cord together with the ipsilateral testis and epididymis was 
repositioned in the scrotum, and the surgical wound was closed 
using a 4.0 nylon monofilament; in addition, the muscular wall 
and the peritoneum were closed at a single plane using a simple 
continuous running suture, and the skin was closed with separate 
stitches. The left spermatic cord was not manipulated in the first 
surgery and consequently was not subjected to tensile forces. 

FIGURE 2 - Preoperative traction of the right spermatic cord. The arrow 
indicates the direction of the stretching force.
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The study animals were randomly allocated by 
drawing lots into 4 groups of 10 animals. In group I (n = 10), a 
perioperative tensile strength of 1.6 Newton (N) was applied to the 
right spermatic cord. In group II (n = 10), a tensile force of 1.0 N 
was applied. The value of 1.0 N corresponds to 0.10197 kilogram-
force (kgf). Group III (n = 10) served as the sham group and 
was subjected to the procedures above, but no traction force was 
applied in this group. Group IV (n = 10) was used as a control and 
did not undergo the first surgery; consequently, the right spermatic 
cord was not pulled in this group. 

Intraoperatively, in the first surgery, before the tensile 
force was applied to the right spermatic cord, the members of the 
surgical team measured the dimensions of the right testis of the 
animals from groups I, II, and III with a digital caliper (model 
IP54 100.179G DIGIMESS® 150 mm), with a reading accuracy of 
0.01 mm, to calculate the initial testicular volume. In the animals 
from group IV, the initial volume was not calculated because the 
animals of this control group were not subjected to the first surgery. 

On the 28th day after the first surgery, all animals were 
subjected to the second surgery. Intraoperatively, in the second 
surgery, the members of the surgical team measured the dimensions 
of the right and left testis of the animals from groups I, II, III, and 
IV with a digital caliper to calculate the final testicular volume. 
After that, all animals were euthanized. 

The testicular volume was calculated using two distinct 
strategies:

a) By ultrasonography using a Logic portable ultrasound 
apparatus (GE®) with an 8C micro-convex transducer at a 
frequency of 6 MHz to 10 MHz; this device automatically 
measures testicular size and volume using the formula 
0.523 x length x width x thickness. 

b) Using the testicular dimensions measured with a caliper 
intraoperatively and the formula for the calculation of a 
solid ellipsoid triaxial body, as described by Nistal2 and 
Love3:
4πabc/3
This formula was used considering a π equal to 3.14 and:
a = half the height
b = half the width
c = half the length
A significance level of 5% was used. The Kappa 

coefficient4 and Pearson coefficient were calculated to evaluate the 
concordance and correlation between the results obtained using 
the caliper and ultrasonography, respectively.

Results

One animal from group IV was excluded because of 
granulomatous orchitis in the right testis diagnosed during the 
histopathological examination. Therefore, 39 rats were considered 
in this study. Group IV comprised 9 rats.

Comparison between the right and left testicular 
volume measured using a caliper and ultrasonog-
raphy

The comparison of the left and right testicular volumes 
measured using a caliper and ultrasonography is shown in Table 
1. A significant difference (p≤0.05) was found in the initial right 
testicular volume, in the variation of the right testicular volume 
(final – initial), and in the final left testicular volume. Therefore, 
the methods used for measuring the volumes differed.  

TABLE 1 - Comparison between the left and right testicular volumes measured with a caliper and ultrasonography. 

Characteristics
Testicular volume (cm³)

p-valueCaliper Ultrasonography
n Mean SD Median n Mean SD Median

Right side
Initial testicular volume 30 1.2 0.2 1.2 30 1.5 0.3    1.6  <0.001²
Final testicular volume 39 1.1 0.4 1.0 39 1.1 0.4 1.1 0.611²

Variation in testicular volume Testicular 30 -0.3 0.3 -0.3 30 -0.6 0.4 -0.5 0.004¹
Variation in testicular volume compared with baseline (%) 30 -25.5 25.0 -25.8 30 -36.9 25.8 -30.5 0.004²

Left side
 Final testicular volume 39 1.4 0.2 1.4 39 1.6 0.3 1.6 0.002²

n = number of animals in each group; SD = Standard Deviation
1Wilcoxon test; 2Paired t-test.

With regard to the initial right testicular volume, 
there was a difference in the values measured using the caliper 
and ultrasonography, and the testicular volume measured 
with ultrasonography was greater than the volume measured  

with a caliper. 
With regard to the variation of the right testicular volume 

in relation to the initial volume [(final–initial)/initial] x 100, there 
was a difference in the values when measured using a caliper as 
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opposed to ultrasonography. The variation of the testicular volume 
measured by ultrasonography was higher than the variation 
obtained using a caliper, indicating that the difference between the 
initial and final measurements was higher with ultrasonography. 
The variation of the testicular volume in relation to the initial 
volume using ultrasonography was 11.4% [–36.9 –(–25.5)], 
which was higher than the variation obtained using a caliper. This 
variation ranged from 4.0% to 18.7% (95% CI: 4.0–18.7).

With regard to the right testicular volume, there was 
a difference in the values measured using a caliper as opposed 
to ultrasonography, and the testicular volume measured via 
ultrasonography was greater than that measured using a caliper. 

Higher values for the initial right testicular volume and 
final left testicular volume were detected via ultrasonography. 
Greater variation of the right testicular volume in relation to the 
initial volume using ultrasonography was also observed (Figures 
3 and 4).

FIGURE 3 – Ultrasonography of the right testis of rat 9 Group I made 
preoperatively the first operation. The initial testicular volume right was 
1.98 cm3

FIGURE 4 – Ultrasonography of the right testis of rat 9 Group I made 
previous to the second operation. The final testicular volume right was 
0.41 cm3.

Reduction in testicular volumes

The decrease in the left testicular volume by ultrasound 
and in the right testicular volume by both ultrasound and caliper 
was calculated as [(final–initial)/initial] x 100, resulting in a 
reduction (in percent) in testicular volume. It is of note that the 
cases described as “without reductions” were those with a positive 
percentage for testicular volume. The cases with a reduction of 
less than 10% presented values between –9.9 and –0.01. 

Table 2 presents the data grouped by the reduction in 
testicular volume in relation to the initial volume according to 
the study group (columns), evaluation method (ultrasonography 
or caliper) in the highlighted lines, and percent reduction in the 
highlighted lines. 

TABLE 2 - Reduction in testicular volume.
Characteris-

tics
Group 

I
Group 

II
Group 

III
Group 

IV
Total p-value

Variation of the right testicular volume via ultraso-
nography (%) 0.0471

No reduction 0 1 1 3 5
< 10 0 0 0 2 2

10 to 29.9 3 7 3 3 16
30 to 50 4 2 2 1 9

> 50 3 0 4 0 7
Variation of the right testicular volume via caliper (%) 0.0011

No reduction 0 0 4 X 4
< 10 1 0 1 X 2

10 to 29.9 5 8 0 X 13
30 to 50 1 2 3 X 6

> 50 3 0 2 X 5
Variation of the left testicular volume via  

ultrasonography (%) 0.4271

No reduction 2 1 2 2 7
< 10 1 2 5 2 10

10 to 29.9 4 6 3 5 18
30 to 50 3 1 0 0 4

    1Fisher’s exact test.

For the variation of the right testicular volume in relation 
to the initial volume via ultrasonography, the line labeled “without 
reductions” indicates how many animals not presented reduced 
testicular volume. The testicular volume of one animal from group 
II, one animal from group III, and three animals from group IV did 
not decrease. 
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In another subgroup, the animals were identified by the 
variation of the right testicular volume in relation to the initial 
volume assessed using a caliper. The column from group IV is all 
marked with X because the initial testicular volume of the animals 
in this group was not measured using a caliper and, therefore, 
was not included in this analysis. In the line designated “without 
reduction”, none of the animals from groups I and II presented 
this classification, and four animals from group III presented this 
classification.

There was a significant difference in the reduction of the 
testicular volume assessed via ultrasonography and caliper between 
the groups (p = 0.047 and p = 0.001, respectively). However, this 
association could not be determined and quantified owing to the 
high number of null cases. Visually, we observed more cases with 
less reduction in the variation of the right testicular volume in 
group IV via ultrasonography. More cases without reductions in 
the right testicular volume were observed using a caliper in group 

III compared with the other groups.
No significant differences were found in the left testicular 

volume measured via ultrasonography (p = 0.427).
Table 3 shows the concordance in the percent reduction 

in the right testicular volume compared with the initial volume in 
30 animals from groups I, II, and III. Notably, there were no cases 
with reductions of less than 10% with ultrasonography. Therefore, 
to perform the calculations, the categories “without reductions” 
and “reductions of <10%” were grouped. 

In the first row of the table, identified as “no reduction”, 
of the two animals (full line) designated as “without reductions” 
using ultrasonography (identification of the first column), one was 
classified using a caliper as without reduction or with a reduction 
of less than 10% (second column), and another was classified 
as having a reduction between 10.0% and 29.9%. The Kappa 
coefficient was equal to 0.292 (p = 0.006).

TABLE 3 - Percent reduction in right testicular volume measured via ultrasonography and caliper in rats from groups I, II, 
and III.

Characteristics
Decrease in the volume measured with a caliper (%) Total p-value

Without reduction or 
with a reduction of <10 10 to 29.9 30 to 50 > 50

Reduction in the measurement via ultrasonography (%) 0.006
Without reduction or with a 

reduction of <10 1 1 0 0 2

10 to 29.9 4 8 1 0 13
30 to 50 1 4 2 1 8

> 50 0 0 3 4 7
Kappa = 0.292 (95% CI: 0.082 to 0.503).

The Pearson correlation coefficient obtained between 
the percent reduction in the right testicular volume measured 
via ultrasonography and caliper was equal to 0.696 (p < 0.001)  
(Table 4). 

TABLE 4 - Correlation between a reduction in the right 
testicular volume measured via ultrasonography and a caliper.

Characteristic Coefficient p-value
Reduction in % in both examinations 0.696 <0.0011

1Pearson correlation.

Discussion

Several instruments can be used to measure testicular 
size and volume, including an orchidometer, a caliper, and 

ultrasound. The main factors that may influence the accuracy 
of these measurements are the inclusion of part or all of the 
epididymis, variability in the thickness and elasticity of the scrotal 
skin, compression of the scrotal contents, and experience of the 
examiner1.

Variation in the measurements of testicular volume may 
occur because of many formulas available. It is convenient to use 
the three dimensions of this organ to calculate the volume1,5,6.   

There is no consensus on which is the best formula for 
the calculation of testicular volume6,7. Testicular volume tends 
to be overestimated by the formula published by Lambert and 
underestimated by the prolate ellipsoid and Hansen formulas6,8,9.

The use of a caliper and orchidometer to measure testicular 
volume via the scrotum is incorrect because this measurement 
includes the skin and subcutaneous tissue and may also include 
the epididymis, thereby overestimating testicular volume1,6,10-12. 
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Accordingly, the measurement of testicular volume using a caliper 
via the scrotum may overestimate the testicular volume by 69 ± 
27%1. Therefore, the use of such instruments for measuring the 
testis via the scrotum can only be justified in clinical practice 
because of their low cost and when the absolute measurement of 
the testicular volume is not necessary11-13.

However, the use of a caliper is valid for measuring the 
testicular dimensions intraoperatively14. In addition, the use of this 
device requires great sensitivity by the examiner. For this purpose, 
the testes need to be slightly suspended because, even resting, 
the organ on the operating table can distort its shape and cause 
variations in the mensurements1. Stegani et al.15 measured the 
testicular volume in rats using a caliper and the prolate ellipsoid 
formula.

Considering that the testes have a triaxial ellipsoid shape2, 
the use of a mathematical formula is justified for calculating the 
volume of a solid triaxial ellipsoid body. Therefore, this study 
introduced this formula to calculate the testicular volume of 
Wistar rats using a caliper. This formula is present in the records 
of the National Institute of Standards and Technology of the 
United States Department of Commerce and has been used to 
calculate the testicular volume of horses and humans2,3,16. Montero 
et al.17 also used a digital caliper and a formula based on the testis 
ellipsoid shape to measure testicular volume in Ansell’s mole-rats 
(Fukomys anselli). However, this formula was different from that 
used in this study.

Ultrasound examination of the testicle was introduced in 
197012 and is recognized as the most accurate method for measuring 
testicular volume in situ1,6. It is a noninvasive method that allows 
for the diagnosis of a wide range of testicular diseases10,17-19. 
Gougoudi et al.20 show microlithiasis on testicular ultrasound 
examination of Wistar rats underwent Fowler-Stephens procedure. 
The most commonly used formula for calculating testicular volume 
is the prolate ellipsoid. Ultrasound devices, particularly GE Logiq 
machines, adopt this formula for calculating testicular volume. 

For the measurements of the testicular dimensions, it is 
necessary to acknowledge that the reliability of the measurements 
indicates the consistency of an instrument or an examiner under the 
same assessment conditions. The intra-rater reliability indicates the 
consistency of the measurements performed by a single observer 
under the same assessment conditions at two different times. A high 
intra-rater reliability minimizes the possibility of variations in the 
calculations. The inter-rater reliability indicates the consistency of 
the measurements made by different examiners. An error rate of 
approximately 16% was found in the measurements of testicular 
size by multiple observers using a Prader orchidometer21.

Ceylan et al.22 studied the temporary stretch of spermatic 
cord of Wistar rats using a traction mechanism similar to this study 
and assessed the damage in the testis and vas deferens, but not 
measured testicular volume. Choi et al.23 evaluated the effects 
of compression and stretching of the spermatic cord of Sprague-
Dawley rats using a vascular sling, but did not measure the traction 
force.

In the present study, there was reasonable agreement and 
a significant positive correlation in the percent reduction in the 
right testicular volume measured via ultrasonography and caliper 
in rats from groups I, II, and III. Therefore, the reduction obtained 
via ultrasonography was low, and the reduction detected using a 
caliper also tended to be low. Similarly, a high decrease in testicular 
volume observed via ultrasonography implies the detection of a 
substantial decrease in volume using a caliper.

Conclusion

There was significant agreement and a significant positive 
correlation in the percent reduction in the right testicular volume 
measured via ultrasonography and a caliper.
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