Estimating the time of onset of testicular
torsion using ultrasonography in an
experimental rat model
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Purpose: We aimed to document the time of onset of ultrasonographic and histologic changes in
the testes of a rat model following testicular torsion.

Methods: Twenty-five Sprague-Dawley rats were divided into four groups. All animals underwent
preoperative Doppler ultrasonography. Groups 1, 2, and 3 underwent unilateral surgical
torsion of the testis lasting for 72, 24, and 6 hours, respectively. Group 4 underwent a sham
operation. The animals were followed with Doppler ultrasonography at 6, 24, 48, and 72 hours
postoperatively. Histologic examinations were performed at the designated final time point for
each group.

Results: After torsion, enlargement of the epididymal head and thickening of the spermatic cord
over time were noted. Based on the ultrasonographic dimensions, the ratio of the epididymal
volume increased with time following torsion (P=0.002). The torsed testes had an average
weight gain of 0.27 g at 6 hours compared to the control testes, but an average weight loss of
0.22 g at 72 hours (P=0.006). Changes in testicular echotexture were noted as soon as 6 hours
after torsion, but there was no consistent pattern of echotexture change thereafter. Histologically,
viable tubules were seen 6 hours after torsion, while extensive hemorrhagic necrosis was found
at 72 hours.

Conclusion: In evaluating testicular torsion, the enlargement ratio of the epididymis and
thickening of the spermatic cord on Doppler ultrasonography may be useful for determining the
urgency of immediate surgery. Changes in testicular echotexture may not be a reliable indicator
of the time of onset.
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Ultrasonographic changes of testicular torsion

Introduction

Torsion of the testis is the most common urologic emergency in
children and young adults, and patients younger than 18 years are
especially prone to testicular loss because of a median delay in
medical evaluation of 20 hours after the onset of scrotal pain [1].
In these patients, the reported time of onset of scrotal pain has
been used as a factor to determine the need for immediate surgery
and the prognosis for testicular salvage. Irreversible ischemic injury
to the testicle can be inflicted as early as 4 hours after the onset
of testicular torsion [2]. Therefore, urgent surgical exploration is
recommended in all cases of testicular torsion within 24 hours of
symptom onset [3,4]. However, the time of onset of testicular torsion
is difficult to determine by history alone, as it has been found to be
inaccurate in up to 50% of patients [5].

Ultrasonography, including conventional gray-scale and color
Doppler imaging, has become an important diagnostic tool in
the evaluation of acute conditions of the scrotum because of its
widespread availability, noninvasiveness, and excellent accuracy
(>95%) in the diagnosis of testicular torsion and testicular ischemia
[6,7]. Some sonographic features have been suggested to be a
reliable sign for diagnosing torsion. The spermatic cord "whirlpool
sign," which refers to a spermatic cord with an abrupt spiral twist
at the external inguinal ring or in the scrotal sac, is considered
to be highly diagnostic for torsion [8,9]. Testicular or epididymal
enlargement, heterogeneous parenchymal echotexture, redundant
spermatic cord, and horizontal lie of the affected testis are also
associated with torsion [8-11].

In previous studies, researchers have described the use of rat
models to identify sonographic and pathologic features of testicular
torsion [12-14]. A hypoechoic, inhomogeneous testis and reduced
intratesticular blood flow have been suggested as predictive factors
of nonviability of the testis after torsion [12]. However, sonographic
and histologic features useful for estimating the time of torsion
onset have not been fully elucidated. The objective of this study
was to evaluate the usefulness of specific findings on Doppler
ultrasonography and histologic characteristics for estimating the
time of onset of testicular torsion and predicting testicular viability
in an animal model of unilateral testicular torsion.

Materials and Methods

Twenty-five adult male Sprague-Dawley rats (250-390 g) were
obtained from university vivarium sources. The animals were
given free access to pellet food and water and were housed
in a temperature- and light-controlled room. Approval for the
experimental protocol was obtained from the Institutional Animal
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Care and Use Committee of University of Southern California.

Surgical Torsion

All surgical procedures were performed under anesthesia induced
by the inhalation of isoflurane (1%-2%). Testicular torsion was
performed on the left testis through a lateral scrotal incision.
Testicular torsion was created by delivering the left testis through
the incision, rotating the left testis 720° counterclockwise, and
fixing the torsed testis to the lateral scrotal wall with a 4-0
polyglactin suture. The right hemiscrotum was left intact so that the
right testis could serve as a control. In the sham operations, the left
testis was delivered through the incision without torsion. After each
surgical intervention, the incisions were temporarily closed using 4-0
polyglactin sutures.

The animals were randomly separated into four groups. All animals
underwent preoperative scrotal ultrasonography. Group 1 (72-hour
torsion) underwent surgical torsion, and then underwent scrotal
ultrasonography at 0, 6, 24, 48, and 72 hours postoperatively.
Group 2 (24-hour torsion) underwent surgical torsion, and then
underwent scrotal ultrasonography at 0 hour, 6 hours, and 24 hours
postoperatively. Group 3 (6-hour torsion) underwent surgical torsion,
and then underwent scrotal ultrasonography at 0 hour and 6 hours
postoperatively. Group 4 (the control group) underwent the sham
operation, and then underwent scrotal ultrasonography at 0, 24, 48,
and 72 hours postoperatively. At the final time point for each group,
en bloc harvests of both testicles and epididymides were performed.

Imaging Technique

Imaging was performed anesthesia induced by the inhalation of
isoflurane (1%-2%) with an Acuson Sequoia 512 ultrasound system
(Acuson, Mountain View, CA, USA). Conventional gray-scale scrotal
sonography with a 7.0-14.0 MHz linear phased-array transducer
(model 15L8, Acuson), followed immediately by color Doppler
imaging, was performed by an ultrasound technician, with oversight
by a pediatric radiologist. Imaging was routinely performed in the
longitudinal and transverse planes, and the dimensions of each
testis and epididymal head were recorded (Fig. 1). Testis volume was
calculated as (heightxlengthxwidthxn/6) [15].

Histologic Examinations

The testicular specimens were weighed and embedded in
paraffin blocks. Sections were obtained at 5 pm and stained with
hematoxylin and eosin. Histologic changes in viable tubules and the
area of necrosis in the testes were counted by a pathologist in a
blinded fashion under an optical microscope.
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Statistical Analysis

The paired t-test was used to compare testicular weight, epididymal
and testicular volume ratio between the torsed and contralateral
controls. The F test of group-time interaction in analysis of variance
(ANOVA) with rats as a random effect and time as a repeated
measure (using a split-plot ANOVA to calculate the sum square)
was used to compare the epididymal and testicular volumes. Volume
was calculated as the product of lengthxwidthxheight. P-values of
<0.05 were considered to indicate statistical significance.

Results

All testes were preoperatively confirmed to have evidence of
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intratesticular arterial blood flow on color Doppler imaging. The
absence of intratesticular arterial blood flow on color Doppler
imaging was noted in all torsed testes immediately following
the onset of surgical torsion. In addition, color Doppler imaging
confirmed the presence of intratesticular arterial blood flow in all
right control testes, as well as in the testes of the sham operation
group.

With increasing time following torsion, marked heterogeneous,
mass-like enlargement of the epididymal head and thickening
of the spermatic cord were noted, but not in Group 4. Based on
the ultrasonographic dimensions, the enlargement ratio of the
epididymal volume (ratio of the torsed epididymal volume to the
control epididymal volume) was 1.94 (95% confidence interval
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Fig. 1. Representative longitudinal ultrasonography in the surgical (A, B) and control (C, D) groups.

Gray-scale with Doppler ultrasonography shows measurements of testicular (A) and epididymal dimensions (B) in the surgical (A, B) groups.
The cephalo-caudal length (distance number 1) and anteroposterior length (distance number 2) were measured on a longitudinal view of the
rat's testis and epididymis to calculate the epididymis-to-testis volume ratio.
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[CI], 1.59 to 2.36) after 6 hours of torsion (Fig. 2). After 72 hours
of torsion, this ratio increased to 3.11 (95% Cl, 2.18 to 4.42). The
overall P-value was 0.002.

The torsed testes had an average weight gain of 0.27 g (95% Cl,
0.06 to 0.48) after 6 hours of torsion, as compared to the control
testes, but showed an average weight loss of 0.22 g (95% Cl, 0.07
to 0.36) after 72 hours of torsion (Fig. 3). The overall P-value was
0.006.

Sonographically, prior to surgery, all testes were noted to have
a uniform, medium-level, homogeneous echogenicity, which is
a similar pattern of ultrasound characteristics to those found
in humans. In the torsed testes, sonographic changes including
hyperechogenicity and a heterogeneous echotexture were noted
as soon as 6 hours after complete torsion. However, after 72 hours
of torsion, most of the torsed testes appeared heterogeneous, with
either marked hyperechogenicity or hypoechogenicity. No consistent
patterns of echotexture change over time were identified.

Based on the dimensions measured on ultrasonography, no
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Fig. 2. Ratio of epididymal volumes by ultrasonography [left
(torsion)/right (control)]. Based on the ultrasonographic dimensions,
the enlargement ratio of the epididymal volume increased with time
following torsion.
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Fig. 3. Mean difference in testis weight [left (torsion)-right
(control)]. The torsed testes had an average weight gain after
6 hours of torsion, but an average weight loss after 72 hours of
torsion.
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statistically significant differences in testicular volume between the
torsed testes and the control testes were measured over the 72-
hour period of torsion (Fig. 4). The overall P-value was 0.074.

Histologically, viable tubules with intercellular edema and diffuse
interstitial congestion and hemorrhage were consistently seen
after 6 hours of torsion, while extensive hemorrhagic necrosis was
consistently found after 72 hours of torsion (Fig. 5).

Discussion

Prompt evaluation and treatment are essential for salvaging
testicular function after testicular torsion and avoiding testicular
loss. Turner and Brown [16] have previously shown in animal
models that longer periods of testicular torsion are associated
with increased damage to the testis. In the clinical setting, it is
reported that the testicular salvage rate is almost 100% if surgery is
performed within 6 hours of presentation and less than 20% when
surgery is deferred to after 12 hours [17]. Bartsch et al. [2] showed
that 50% of patients with testicular torsion-despite detorsion within
4 hours-may suffer from a future decrease in testicular exocrine
function. Abnormal follicle-stimulating hormone and inhibin B levels
have also been demonstrated in 35% of patients with testicular
torsion either at early or late follow-up examinations [18]. In
addition to the possibility of testicular loss on the affected side,
previous studies have shown that the contralateral testis may also
be affected [13,19-21]. This can result in future sequelae regarding
the hormonal levels, sexual function, and fertility status of affected
patients.

The time between the onset of symptoms and detorsion and the
degree of cord twisting are known to be the two most important
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Fig. 4. Ratio of testicular volumes by ultrasonography [left
(torsion)/right (control)]. Based on the dimensions measured on
ultrasonography, no statistically significant differences in testicular
volume between the torsed testes and the control testes were
measured over the 72-hour period of torsion.
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determinants of early salvage of the testis [3]. However, upon
presentation to the emergency room, it is difficult for the clinician
to determine the time of onset of testicular torsion since the clinical
history is often unreliable [5]. Immediate surgery may not be feasible
for every presentation of acute scrotal pain for logistical reasons,
and therefore accurate assessment of time post-torsion can help the
surgeon gauge the urgency of surgery.

Gray-scale or color Doppler ultrasonography is an effective
imaging tool to evaluate acute conditions involving the scrotum,
such as testicular torsion. Kalfa et al. [22] reported that the
presence of a twisted spermatic cord was a highly sensitive and
specific sign of testicular torsion. Prando [9] showed that a diffusely

Sang Hoon Song, et al.

hypoechoic testis without detectable arterial and venous testicular
flow was a diagnostic feature of acute testicular ischemia. Color
Doppler ultrasonography has been reported to be highly accurate
for diagnosing torsion, with a sensitivity of 63.6%-100% and
a specificity of 97%-100% [6,22,23]. However, little is known
regarding the association of ultrasonographic features with the
duration of torsion.

A previously underutilized feature of scrotal ultrasonography,
the epididymal enlargement ratio, may offer additional important
clinical information that is easily obtained using currently
available ultrasonographic equipment. In this study, an epididymal
enlargement ratio of approximately 3-meaning that the epididymis

Fig. 5. Histologic slides.
A. Normal tubule formation in the control group was observed. B. Viable tubules with intercellular edema and diffuse interstitial congestion
and hemorrhage were observed after 6 hours of torsion. C. Testicular viability significantly diminished after 24 hours of torsion. D. Extensive
hemorrhagic necrosis was found after 72 hours of torsion (A-D, H&E, x10).
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on the affected side was 3 times larger than the epididymis on the
control side-was associated with longer periods of testicular torsion
and correlated with non-viable testes on histologic evaluations. A
lower enlargement ratio was associated with a shorter period of
testicular torsion and with viable testes. This finding is consistent
with a previous report showing that the vast majority of patients
with testicular torsion showed enlarged epididymal volume and
hyperechogenicity on ultrasonography [9,11]. Galina et al. [24] also
focused on the abnormal configuration, size, and displaced position
of the epididymis in patients with torsion and suggested that careful
ultrasonographic evaluation of the epididymis may be useful as an
adjunctive tool to diagnose testicular torsion.

We demonstrated testicular hyperechogenicity and heterogeneity
as early as 6 hours after complete torsion, but found no consistent
patterns of echotexture change beyond 6 hours, whereas a
previous study found that preoperative heterogeneous parenchymal
echotexture indicated late torsion and testicular nonviability [10].
In the early days of using ultrasonography for the diagnosis of
acute conditions involving the scrotum, focal hyperechogenicity
was mentioned as evidence of chronic torsion [25]. Currently, it
is believed that torsed testes may be hypoechoic from edema or
hyperechoic from hemorrhage [26]. Liang et al. [27] reported in
their retrospective review that although a heterogeneous testis
on ultrasonography was common in cases of torsion (present in
80% of cases), heterogeneity was not a good predictor of necrosis.
Our result also showed various echogenicity patterns over time
after torsion, which concurs with previous reports. Of note, the
histologic evaluation of testes in our animal model after 6 hours of
testicular torsion revealed viable tubules. Therefore, we also suggest
that clinicians should not rely on echogenicity alone to diagnose
testicular torsion.

This study has several limitations. Firstly, in this study, the
histologic assessment of the torsed testis was based on the
pathologist’s reading, not on an objective evaluation using a
grading system. Rather than using a grading system to evaluate
tubule and germinal cells, our result focused more on macroscopic
and geometric changes, such as weight and volume of the torsed
testis over time. Therefore, our results are limited in terms of their
implications for changes in germ cells and spermatogenesis after
torsion. Secondly, although our result concurs with previous studies
describing epididymal ultrasonographic changes in patients with
testicular torsion, [9,11], such findings will be more meaningful
when they are correlated with histologic findings, and ultimately,
with the true long-term function of the affected testes. Thus, we
acknowledge that further studies are necessary to determine
the clinical utility of the epididymal enlargement ratio based on
ultrasonographic findings.
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Testicular atrophy is the main concern after testicular torsion. In a
meta-analysis, the mean late testicular loss rate was nearly 50% [28].
However, only a few studies have reported the onset of testicular
atrophy after torsion. In an experimental rat torsion model, even
3 hours of torsion resulted in some degree of atrophy of the testis
and epididymis, causing reduced sperm motility and concentration
[29]. Saba et al. [30] showed that testis weight was not affected
by 1 or 2 hours of torsion or at 24 hours after detorsion. However,
they found a 45% decrease in testis weight after torsion and at
1 week after detorsion. In our study, we demonstrated atrophy
of the testis through measurements of testicular weight, which
decreased as early as 72 hours compared to testicular weight in the
control group. Because the volume and histological features of the
contralateral testis of a torsed testis are also affected [13,31], we
recognize that a comparison of volume between a torsed testis and
the contralateral testis is not optimal for demonstrating testicular
atrophy in the acute phase of testicular torsion.

In the evaluation of acute conditions of the scrotum, a previously
underutilized ultrasonographic feature, the enlargement ratio of the
epididymis, may help in estimating the time of onset of testicular
torsion. In a clinical setting, this information may be useful for
determining the urgency of immediate surgery and the prognosis for
testicular salvage. Changes in testicular echotexture do not appear
to be a reliable indicator of the time of onset of spermatic cord
torsion.
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