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Abstract

Background: One of the most important urologic emergencies is testicular torsion in children. Elastography is as an objective
method in diagnosis and treatment of testicular torsion, with grayscale and colored images. Our study presents an original frame-
work, which may guide certain research and practices in this field.
Objectives: The aim of this study was to evaluate the effectiveness of ultrasound (US)-elastography for the diagnostic performance
of testicular torsion.
Materials and Methods: In this experimental study, 16 male white New Zealand rabbits of the same weight and age were selected
and divided into two groups. In group I, the right testicle was fixed, and in group II, the right testicle underwent 720° torsion in
a counterclockwise direction and fixed. Following 1 and 2 hours of ischemia, measurements of the right and left testicles were
performed simultaneously. The left testicle was measured again after 24 hours in order to better observe the changes that right
testicular ischemia might have had on the left testicle.
Results: A statistically significant increase was detected in the elastography values of the right testicle at 1, 2, and 24 hours (P < 0.05).
Elastography values were significantly increased in the left testicle after 24 hours (P < 0.05). The elastographic measurement values
of the testicular tissue increased significantly with the increase in the duration of ischemia.
Conclusion: With the width of its imaging window and healthy evaluation opportunity, elastography is a method in determining
tissue stiffness of unilateral and contralateral testicular structures. In this study, the efficacy of elastography was evaluated. As
a future research, further studies are needed to evaluate the elastography values in epididmo-orchitis and other causes of acute
scrotum.
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1. Background

One of the most important urologic emergencies is tes-
ticular torsion in children. Inflammation, trauma, and
heavy physical exercise may induce the development of
this pathology between the ages of 10 and 20 years, but
it is most commonly seen during puberty and the neona-
tal period. It could also happen idiopathically. The testi-
cle rotates around the sperm canals, and the blood sup-
ply to the testes is interrupted. Risk of torsion is greater
in children diagnosed with undescended or retractile tes-
ticles, but children with descended testicles are also at
risk. Unless torsion is detected and treated within the first
few hours, the testicles may need to be removed or in-
fertility may occur. While it is a unilateral event, losses
and injuries may occur in the contralateral testicle due
to ischemia/reperfusion (1). The most common diagnos-

tic methods are ultrasonography (USG) and Doppler ultra-
sonography (1, 2). Diagnosis and surgical repair within the
first hour are vital to save the organ. Delayed diagnoses
of testicular torsion cases have quite an important place
in medical malpractice lawsuits (1, 2). Orchitis and epi-
didymitis, which present with severe scrotal pain, are also
important to consider in the differential diagnosis. The
most important symptom of testicular torsion is pain. Se-
vere pain and swelling occur in the testicle. Lack of heat in-
crease in the area is important in differentiating the case
from epididymitis or orchitis. While B-mode USG has high
diagnostic value in the pathology of the parenchymal tis-
sue, Doppler USG is more important in showing the lack of
blood flow (3, 4).

The tissue elastography method has been widely used
in the diagnosis and differential diagnosis of testicular in-
farction cases in recent years (5, 6). Elastographic ultra-
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sonography method displays the objectively measured tis-
sue stiffness in gray-scale or colored images (7-9). The real-
time wave elastography method is used especially for this
purpose. It is the gold standard in the evaluation of tissue
damage especially in liver necrosis (9). Higher elastogra-
phy values show tissue stiffness which may contribute to
tissue ischemia. Therefore, we hypothesized that higher
elastography values may be encountered in testicles due to
tissue ischemia after torsion. In this study, an experimen-
tal study was conducted to evaluate the value of real-time
tissue elastography method in the diagnosis of testicular
torsion.

2. Objectives

The aim of this study was to evaluate the effectiveness
of ultrasound (US)-elastography for the diagnostic perfor-
mance of testicular torsion.

3. Materials and Methods

This experimental study, which was approved by the lo-
cal Ethics Committee (2014/06), began with 16 male white
New Zealand rabbits of the same weight and age group
in the Animal Research Laboratory of Giresun University.
The rabbits were purchased from Saki Yenilli limited com-
pany (Ankara, Turkey), and were killed with a thiopental
preparation (Pentothal) 60 mg/kg body weight adminis-
tered intravenously at the end of the experiments. The 16
rabbits were divided into two groups of eight rabbits. In
group I (control group), the right testicle was fixed and
evaluated by the radiology specialist with US-elastography.
In group II (experiment group), the right testicle was tor-
sioned 720° counterclockwise and fixed to form models of
torsion with 1, 2 to 24 hours of ischemia. At the end of
the 1st, 2nd, and 24th hours, the testicles were evaluated
with US-elastography. Simultaneous measurements were
done on the left testicles, but the left testicle was measured
again after 24 hours in order to better observe the changes
that right testicular ischemia might have on the left testi-
cle. The details of the materials and methods are provided
in the sub-sections including surgical procedure, radiolog-
ical assessment, and statistical analysis as follows:

3.1. The Surgical Procedure

All animals’ abdomens were cleaned and shaved be-
fore the procedure. After achieving muscle relaxation by
intramuscular (IM) Fentanyl 0.2 mg/mL + fluanisone 10
mg/mL (Hipnorm®) + diazepam 0.3 mL induction, the rab-
bits were laid on their backs, and the abdomen was entered

through a median incision under the umbilicus using ster-
ile technique. The testicular structures were fixed with 5/0
polyglactine sutures. IM Hypnorm (0.1 mL/kg) was used at
30-minute intervals for the maintenance of anesthesia. In
group II, right testicles were torsioned 720° counterclock-
wise and fixed as defined (1).

3.2. Radiological Assessment

Grayscale US studies and elastography technique were
performed in 4 - 13 MHz bandwidth linear probe with mean
12 MHz broadband (Esaote, MyLab60, Geneva, Italy; Elaxto
image) by the same radiologist. The imaging modality dis-
played a translucent color map above the gray scale. The
colors ranged from green (softness) to red (hardness) to
demonstrate tissue characterization. After the compres-
sion and decompression cycles, we selected region of in-
terest areas from the testis and fatty tissue. The strain ra-
tios were automatically calculated by the software. Strain
ratio technique analyzes the elastographic map of the tar-
get lesion in relation to the surrounding tissues. The cal-
culation of strain ratio was based on standard qualitative
ultrasound (US) elastography data. Two different areas (A
and B) were selected for quantitative analysis. Area A was
the tortoise testis tissue selected as target lesion and area
B was selected as reference soft fatty tissue outside of the
target area. The strain ratio was calculated as the quotient
of B/A. The increased ratio was based on the hardness of the
target tissue.

3.3. Statistical Analysis

The data obtained in this study were evaluated with
SPSS 20.0 for Windows statistical software (SPSS version
20.0 SPSS, IBM, NY, USA) package program. The results of
the statistical analyses are summarized in Tables 1 and 2.
A Mann-Whitney U test was used for variables in groups
of two, which did not disperse normally while examining
the differences between the two groups. Friedman test was
used for the examination of differences between the mea-
surement times of variables obtained at different times. P
values less than 0.05 were considered as statistically signif-
icant.

4. Results

Sample size, mean, standard deviation and P values of
elastography values of the right testicle for the experiment
group and control group at 1, 2, and 24 hours were calcu-
lated using Mann-Whitney U test. There was a statistically
significant difference between the groups in terms of elas-
tography values in the right testicle at 1, 2, and 24 hour eval-
uations (P < 0.05) (Figure 1).
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Right testicle torsion over time 
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Figure 1. Mean elastography values of the right testicle over time (*, P < 0.05)

Specifically, the right testicle values at the 1st, 2nd, and
24th hour were found to be significantly higher than those
at 0 hour (P < 0.05). There was a significant difference be-
tween the right testicle values at 0 and 2 hours, 0 and 24
hours, and 1 and 24 hours (P < 0.05). Moreover, the differ-
ence between the right testicle values at the 2nd and 24th
hours was insignificant (P > 0.05) (Table 1). The compari-
son of right testicle values at different hours of ischemia
in the experiment group are also illustrated in Figure 2.

Sample size, mean, standard deviation and P values of
elastography values of the left testicle for the experiment
group and control group at 1, 2, and 24 hours were calcu-
lated using Mann-Whitney U test. There was no significant
difference between the groups in terms of elastography
values in the left testicle (P > 0.05) at 1 and 2 hours; never-
theless, a statistically significant increase was detected in
the elastography value in the left testicle at 24 hours (P <
0.05) (Figure 3).

When elastography evaluations of the left testicles at
different times of ischemia were evaluated, we found that
there was no significant difference between the measure-
ments after 0 and 1, 0, and 2, and 1 and 2 hours (P > 0.05).
However, there was a significant difference between right
testicle values at 0 and 24 hours and 1 and 24 hours (P <
0.05) (Table 2). The comparison of left testicle values at dif-
ferent hours of ischemia in the experiment group are also
illustrated in Figure 4.

5. Discussion

Testicular torsion is one of the most common surgical
emergencies in childhood. It was firstly defined by Hunter
in 1810 (10); and later in 1840, Delasiauve (11) reported a 15-
year-old boy who developed testicular torsion due to un-
descended testicles (12). Evaluation of testicular torsion,
which is among the acute scrotal incidents, is very impor-
tant. Physical examination gives very important diagnos-

tic results in children. The age of the patient is of great
importance. The pediatric age group, especially the neona-
tal and prepubertal periods, carries a high risk of testicular
torsion. Testicular torsion begins with sudden onset severe
pain (10, 11). The children usually describe this pain as ab-
dominal or groin pain. Abdominal and groin pains in chil-
dren should be evaluated carefully. Lack of fever and pres-
ence of nausea and vomiting are among the specific symp-
toms of testicular torsion (12).

The tissue elastography method has been widely used
in the diagnosis and differential diagnosis of testicular
infarction cases. Elastographic ultrasonography method
displays the objectively measured tissue stiffness in gray-
scale or colored images. The real-time wave elastogra-
phy method is used especially for this purpose. The diag-
nosis of acute testicular torsion has become easier with
new technology. B-mode USG Doppler, nuclear medicine
tests, and the recently developed elastography with tissue
Doppler USG are among these methods. Ultrasound elas-
tography is a noninvasive imaging technique that could
be used to define stiffness of the tissues. The principle
of elastography is to use repeated, slight pressure on the
examined organ with the ultrasound transducer. Various
techniques that exist within the elastographic measure-
ment methods include quasi-static vibro-acoustography,
transient elastography, acoustic radiation force impulse,
shear wave elasticity imaging (SWEI), and supersonic elas-
ticity imaging (SSI) (13-15). It has got potential in differenti-
ation between diseased and normal tissue in clinical prac-
tices and has got a lot of advantages. It is easy, cheap, safe
and readily repeatable (16, 17).

In the study conducted by Ramnarine et al. (18), elas-
tography was proven able to quantify carotid plaque elas-
ticity. In studies performed by Lin et al. (19) on 70 male
Wistar rats, and Shi et al. (20) on 62 New Zealand rabbits,
real-time elastography was proven as an effective method
in showing liver fibrosis. Our study supports the afore-
mentioned studies. The elastography values were deter-
mined to be statistically significantly higher in the tor-
sioned right testicle (P < 0.05). In their experimental study
on 28 New Zealand rabbits, Chen et al. (21) derived that the
contralateral testicular flow patterns of the tissue changed
6 and 24 hours following right testicular torsion in the ul-
trasonographic measurement controls. We found higher
values of elastography measurements at torsioned testi-
cles that increased as the duration of ischemia increased.
Therefore, we suggest elastography as a diagnostic tool ad-
junct to other ultrasonographic features of testicular tor-
sion.

Several studies define contralateral testiscular injury
after testicular torsion. The histopathological and bio-
chemical changes were evaluated in the contralateral tes-

Iran J Radiol. 2020; 17(2):e99758. 3



Hancerliogullari KO

Table 1. Comparison of Mean Values of the Right Testicle (Torsioned) at Different Hours of Ischemia in the Experiment Groupa

Friedman test

Number Values Standard test statistics P

Right testicle at 0 h 8 1.69 ± 0.04

1 h -0.290 0.728

2 h -0.484 0.012b

24 h -3.098 < 0.001b

Right testicle at 1 h 8 2.94 ± 0.08

2 h -0.194 0.728

24 h -2.808 0.012b

Right testicle at 2 h 8 3.95 ± 0.13

24 h -2.614 0.728

Right testicle at 24 h 8 8.13 ± 0.79

aValues are expressed as mean ± SD.
b P < 0.05.

The comparison of right testicle values at different hours 
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Figure 2. Comparison of mean elastography values of the right testicle (torsioned) at different hours in experiment group

ticle following torsion in their experimental study on 28
adult male Wistar rats, and they detected marked changes
in glutathione (GSH), catalase (CAT), malondialdehyde
(MDA), and thiobarbituric acid reactive substances (TBARS)
levels in the tissue (22).

As it is known, pediatric surgeons and clinicians dis-
tinguish testis torsion and epididymorchitis primarily by

its clinical status. Testicular torsion and epidimorchitis
are not the causes of acute scrotum. Incarcerated in-
guinal hernia, strangule inguinal hernia, epididymis tes-
ticular torsion, testicular trauma, testicular tumors, epi-
didymis testicular torsion, appendix testicular torsion, id-
iopathic scrotal edema, scrotal hematoma, systemic dis-
eases, Henoch-shonlein purpura are conditions that must
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Table 2. Comparison of Mean Values of the Left Testicle (Non-Torsioned) after Different Hours of Ischemia in the Experiment Groupa

Friedman test

Number Values Standard test statistic P

Left testicle at 0 h 8 1.70 ± 0.05

1 h -1.549 0.771

2 h -3.098 0.628

24 h 4.648 0.012b

Left testicle at 1 h 8 1.71 ± 0.06

2 h 1.549 0.846

24 h -3.098 0.030b

Left testicle at 2 h 8 1.72 ± 0.09

24 h -1.549 0.054

Left testicle at 24 h 8 1.87 ± 0.07

aValues are expressed as mean ± SD.
b P < 0.05.

Left testicle torsion over time 
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Figure 3. Mean elastography values of the left testicle over time (*, P < 0.05)

also be considered in acute scrotum. While considering
all these in the differential diagnosis, clinical findings con-
stitute the most important part. Of course, assisted diag-
nostic methods are very precious but first of all, whether
the patient has pain, how long has the pain continued, the
position of the testicle (transverse, or above), presence or
absence of the creamaster reflex, Ger’s sign (pitting of the
skin at the base of the scrotum), Prehn’s sign, fever, red-
ness, tenderness, abdominal pain, nausea, and vomiting
are the first step of evaluation. We consider physical ex-
amination findings and in addition, we look at complete
blood count, C-reactive protein (CRP) sedimentation, com-
plete urinalysis. Doppler US, high resolution US, scintigra-
phy, MRI with dynamic contrast, and near infrared spec-
troscopy showing the recently used spermatic cord oxy-
genation could be used as auxiliary tests in diagnosis. Our
aim in this study was to investigate the diagnostic perfor-
mance of elastography, which is a new method in testicular

torsion. In order to evaluate the efficiency of elastography
in testicular torsion, different new studies are necessary.

Elastographic measurements in this study confirmed
the results of previous studies and showed that elastogra-
phy values could be increased at contralateral testis. Al-
though there was no significant difference between the 1st
and 2nd hour elastography values in the left testicle, a sta-
tistically significant difference was seen in the 24th hour.
Our results suggest that contralateral testicular stiffness
could be detected at late term of testicular torsion and
it could be detected by elastography in ultrasonographic
evaluation.

Goddi et al. (23) researched the role of elastography in
the differentiation between malignant and benign testicu-
lar masses and found that elastography could better differ-
entiate benign from malignant testicular lesions; however,
elastography is a useful technique in assessing small tes-
ticular nodules and pseudo-nodules. In the study by Gao
et al. (24) on 20 renal transplant patients, they concluded
that elastography is useful in assessing the progression of
cortical fibrosis in renal transplant allografts. In an exper-
imental in vivo study done by Gao et al. (25), models of
acute renal vein occlusion were formed and a significant
difference was found in the cortical thickness levels, while
they determined that a marked difference was observed
in tissue strain and strain relaxation time measurements
as the duration of renal vein ligation increased. Accord-
ing to the results of our study, the elastographic measure-
ment values increased significantly with the duration of is-
chemia, which showed that elastography may aid Doppler
USG and color Doppler USG in evaluating the interruption
of blood flow in the testicular vessels and the ischemic tis-
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The comparison of left testicle values at different hours 
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Figure 4. Comparison of mean elastography values of the left testicle (non-torsioned) at different hours in experiment group

sue that occurs with testicular torsion. We found higher
values of elastography measurement as early as one hour
after ischemia. There was a statistically significant differ-
ence between the groups in terms of elastography values
in the right testicle at 1st, 2nd, and 24th hour evaluations
(P < 0.05). There was no significant difference between the
groups in terms of elastography values in the left testicle
(P > 0.05) at 1st and 2nd hours; nevertheless, a statistically
significant increase was detected in the elastography value
in the left testicle at 24th hour (P < 0.05).

Although we did not evaluate the values in other causes
of acute scrotum, we suggest that elastography could be
used in the early diagnosis of testicular torsion. However,
as a future research, further studies are needed to evaluate
the elastography values in epididmo-orchitis and in other
causes of acute scrotum, to have a firm conclusion about
the use of elastography in the differential diagnosis of tes-
ticular torsion.

In conclusion, with the width of its imaging window
and healthy evaluation opportunity with grayscale and
colored images in pediatric testicular torsion cases, elas-
tography is a method in determining the tissue stiffness
of unilateral and contralateral testicular structures; and
in this study the efficacy of elastography was checked. It
was observed that elastography method might contribute
to the other diagnostic techniques in the diagnosis of tes-
ticular torsion.
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