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Abstract
Aim: To evaluate the clinical value of real-time shear wave elastography (SWE) in differential diagnosis of testicular
torsion and acute orchiditis. Material and methods: During a 3-year period, 14 cases of testicular torsion and 16 cases of
acute orchiditis met the inclusion criteria. Young’s modulus maximum hardness (Emax) of testicular capsule region, middle
testicular parenchyma, warped spermatic segment or inferior spermatic segment was measured in each group. SWE “stiff ring
sign” of testis refers to the appearance of a red ring in the testicular capsule area and “stiff knot sign” of spermatic cord refers
to the appearance of a red knot in the lower segment of the spermatic cord. Results: Emax value of the testicular capsule in
the torsion group was higher than in the acute inflammation group (138.76±58.27 vs 16.40±4.71 kPa, p=0.0001). Emax value
in the middle parenchyma of the testis showed no statistically significant difference between groups (p=0.053). Emax value
in the twisted spermatic segment was higher than that in the lower spermatic segment with acute inflammation (166.61±60.07
vs 14.14±4.93, p=0.0001). In the torsion group, 12 testicular capsule areas showed “stiff ring sign” and all twisted segments
of spermatic cord showed “stiff knot sign” but no signs were found in the inflammatory group. Conclusions: “Stiff ring sign”
of testis, “stiff knot sign” of spermatic cord, high stiffness of the testicular capsule and in the twisted spermatic segment are
the typical SWE findings of testicular torsion, with important clinical value in the differential diagnosis of testicular torsion
and acute orchiditis.
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Introduction
Testicular torsion is a common cause of scrotal emergencies and is often misdiagnosed as acute orchitis and
epididymitis because of its atypical clinical manifestaReceived 13.09.2019 Accepted 11.12.2019
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tions [1-3]. Irreversible damage to spermatogenic tissues can occur after 6 hours of testicular tissue ischemia
[4]. Therefore, testicular torsion should be diagnosed
as early as possible to facilitate testicular survival and
protect spermatogenic function [5,6]. High frequency
color Doppler ultrasonography is accepted to be the primary imaging method used in these cases [7,8]; however,
some cases of incomplete testicular torsion can be unrecognized due to atypical sonographic findings [7,9].
Contrast-enhanced ultrasound (CEUS) is helpful for the
diagnosis of testicular torsion [10-12], but some studies
suggest that CEUS has no obvious advantage compared
with color Doppler ultrasound [13].
Ophir et al proposed the concept of ultrasonic elastography in 1991, which can provide information about the
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tissues stiffness by detecting their mechanical properties
[14]. Shear wave elastography (SWE) is the most cutting-edge ultrasonic elastography technology at present.
Compared with strain elastography, SWE has the advantages of quantitative evaluation of soft tissue stiffness,
strong repeatability and higher clinical application value
[15], including testis pathology [16]. The results of clinical and animal experiments showed that the SWE values
of testicular parenchyma significantly increase during
testicular torsion [17,18]. But it is not clear whether the
changes can be distinguished from other scrotum emergencies such as acute orchitis. Testicular torsion is essentially a warping of the spermatic cord; therefore, the
SWE performance for other structures of the scrotum,
during testicular torsion need to be established.
The purpose of this study was to evaluate the clinical value of SWE in the differential diagnosis of testicular torsion by comparing the SWE findings of testicular
capsular area, testicular parenchyma and spermatic cord
between testicular torsion and acute orchitis.
Materials and methods
Patients
The subjects enrolled for this study were patients who
had undergone scrotal ultrasound at the Fujian Medical
University Union Hospital from May 2015 through May
2018. Criteria for inclusion were: 1) cases examined by
color Doppler ultrasound and SWE; 2) testicular torsion
confirmed by operation or; 3) diagnosis of acute orchitis
established by clinical (testicular swelling and pain, with
or without fever) and ultrasound criteria, with conservative treatment and with no abnormal testicular findings at
one-year follow-up. In addition, 20 healthy volunteers,
with no history of reproductive system diseases and no
abnormal findings of scrotal color Doppler ultrasound,
were randomly selected for SWE examination. This
study was performed with the approval of the local Ethics Committee and written informed consent was obtained from all participants.
Ultrasonography protocol
The ultrasound examination was performed using Supersonic Aixplorer (Aix-en-Provence，France) machine
with 4-15 MHz linear probe. The frequency used was
12 to 14 MHz, the scale of color Doppler is 2 to 4cm/s.
Subjects were placed in supine position and the scrotum
was exposed. The examination started with gray-scale
images (echogenicity, homogeneity and size of testis and
epididymis together with the relationship between testis,
epididymis and spermatic cord were analyzed), followed
by color Doppler (testis, epididymis and spermatic cord
vascularization was evaluated) and SWE.

The measured value of Young’s modulus set to
≥100kPa, and the image color ranges from blue, bluegreen, greenish-yellow, yellow-orange to red, representing from soft to hard. The Q-BoxTM was placed in the
testicular membrane area (testicular membrane and testicular edge parenchyma within 2 mm), in the middle
of the testicles and in the warp distortion section or the
lower part of the spermatic cord. The Young’s modulus
Emax (elastography max) of each the above structure
was measured. For the same structure, 3 different longitudinal sections were realized, and the Young’s modulus was measured once for each section and its average value was taken for further analysis. In the disease
group the testicle and spermatic cord of the affected side
were measured and in the normal group one testicle and
spermatic cord were randomly measured. The size of
Q-BoxTM used for evaluation of testicular capsule was
2 mm, of middle testicular parenchyma 5-10 mm, and
of torsion segment or lower segment of spermatic cord
10-15 mm. For correct SWE evaluation the sampling box
had to be completed filled with color and the SWE artifacts due to probe compression or scrotal roughness were
excluded.
SWE “stiff ring sign” of the testicular capsule was
defined as a colored “stiff ring” surrounding the testicular
edge. SWE “ stiff knot sign” of spermatic cord was defined as a colored “stiff knot” locating the twisted lower
part of spermatic cord. These signs, a qualitative SWE
feature, were evaluated at the display setting of less than
100 kPa and at 100 kPa.
Two investigators, with 3 years and above experience
in testicular SWE, independently examined all the subjects. The Emax values of testicular capsule area, central
testicular parenchyma, torsion segment of spermatic cord
or lower segment of spermatic cord in testicular torsion
and acute orchitis was determined.
Statistical analysis
The IBM SPSS software package (SPSS for Windows, version 22.0) was used for statistical analysis.
The Kolmogorov-Smirnov normality test of measurement data was carried out first. The data of normality
were expressed as mean±standard deviation (SD), oneway ANOVA was used for comparison among multiple groups, and Least Significant Difference test was
used for pairwise comparison among groups. Median
(M) was used for non-normal data, and Mann-Whitney rank sum test was used for comparison between
groups. A p value of less than 0.05 was considered to
indicate statistical significance. Intraclass Correlation Coefficient (ICC) was used to evaluate the consistency of the results measured by the two examiners.
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Results
Clinical manifestation
A total of 30 patients were included in this study, of
which 14 had testicular torsion (age 7-48 years, mean
16.79±12.37 years, onset time from 4 hours to 28 days)
and 16 acute orchitis (aged 16-46 years old, mean age
30.94±21.82 years, onset time from 2 days to 14 days).
The cases with testicular torsion were operated: 3 cases
release surgery and 11 cases testicular resection. Of the
16 cases of acute orchitis, 1 was secondary to bladder
perfusion, 3 to mumps and 12 to acute epididymitis. The
age of the 20 normal volunteers ranged from 22 to 45
years, with an average age of 29.43(6.41) years.
Ultrasonography of normal testis and spermatic
cord
In the normal control group, the average volume of
testis was 9.31±1.41 ml, the testicular parenchyma echo
was uniform and normal vascularization was found in all
testis. There was no thickening of the terminal spermatic cord, no dilation of blood vessels. Eighteen spermatic
cord ends were straight and two were tortuous. On SWE
examination, the testicular capsule was uniform blue or
blue-green, the central testicular parenchyma and the
lower spermatic cord were uniform blue. Emax value in
the lower spermatic segment was higher than that in the
testicular capsule region and Emax value in the testicular
capsule region was higher than that in the middle testicular parenchyma (Table I).
Ultrasound appearance of testicular torsion
In the testicular torsion group, there were 10 testicular torsion on the left side and 4 testicular torsion on the
right side. The testicles had enlarged volume (14.78±4.92
ml vs 9.31±1.41 in normal subjects). The testicular parenchyma was heterogeneous in 11 cases, slight hypovascularization was found in 3 testes, significant hypovascularization in 1 testis and no vascularization in 10 testes.
The lower spermatic cord was distorted and swollen in
all cases, 6 with “whirlpool” sign, 4 with decreased vascularization and 10 without vascularization.
According to SWE examination, the central parenchyma of all torsion testes showed uneven blue or
blue-green color and 12 testicular capsule areas showed

yellow-orange or red color, with “stiff ring sign” (fig 1).
Twisted segments of all spermatic cord showed orangered or red color, with “stiff knot sign” (fig 2). Emax value
in the lower spermatic cord was higher than that in the
testicular capsule region and the Emax value in the testicular capsule region was higher than that in the testicular parenchyma (Table I).
Ultrasonographic appearance of acute orchitis
In the acute orchitis group, there were 11 cases of
left testicular inflammation and 5 cases of right testicular inflammation. The testicles showed varying degrees

Fig 1. Testicular torsion in a 13-year-old patient, SWE examination, transverse scan of the left testicle. The testicular capsule
showed a curved red color（arrow), Emax value = 237.4 kPa

Fig 2. Torsion of spermatic cord in a 43-year-old patient, SWE
examination, transverse scan of twisted spermatic cord, showing ”stiff knot sign” (arrow), Emax value = 154 kPa

Table I. Elastography max measurement results of scrotum structures in each group
Group
Normal
Torsion
Orchitis
p value

n
20
14
16

Testicular capsule
9.73±2.79
138.76±58.27
16.40±4.71
0.0001

n: number of cases; F: the statistic value of F test

Parenchyma testis
4.51±1.42
12.39±6.56
9.65±4.85
0.0001

Lower spermatic segment
11.45±2.50
166.61±60.07
14.14±4.93
0.0001

F value
102.514
40.262
8.077

p value
0.0001
0.0001
0.001
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of enlargement, with an average volume of 14.78±4.92
ml. Four testicular parenchyma echogenicity were homogeneous and 12 heterogeneous. Significant hypervascularization was found in all testes. There were 12 local
or whole epididymal enlargement with uneven echo and
significant hypervascularization. The lower spermatic
cord showed different degrees of thickening, vasodilatation, but without being distorted.
On SWE examination, the parenchyma in the middle of all inflamed testis and lower spermatic cord was
uneven blue or blue-green without “stiff ring sign” (fig
3, fig 4). Emax value in the testicular capsule was higher
than that in the inferior spermatic cord and Emax value
in the inferior spermatic cord was higher than that in the
middle parenchyma of the testis (Table I).
Comparison of Emax value of measurements
between groups
Emax values of testicular capsule and in twisted
spermatic segment were higher in the torsion group
(p=0.0001), Emax values in the middle parenchyma of
testis showed no statistically significant difference between torsion and acute inflammation groups (p=0.053).
Emax value in the twisted spermatic segment was higher
than that in the lower spermatic segment with acute inflammation (p=0.0001), as shown in table I.
Interobserver agreement
Emax values of scrotal structures independently
measured by 2 examinees showed no difference and
good consistency, as shown in table II.
Pathologic findings of torsion testis
Optical microscopy showed the albuginea thickening,
interstitial edema and vascular ectasia. The structure of
the seminiferous tubule was destroyed, the arrangement
of spermatogenic cells was disordered, some or all spermatogonial cells fell off. In severe cases, only residual
damaged seminiferous tubule could be shown.
Discussion
Elastography is widely used in the diagnosis of liver
fibrosis and in the differential diagnosis of liver, breast
and thyroid tumors. By evaluating the hardness of the
pathological tissue of these organs, the nature and de-

Fig 3. Acute orchid-epididymitis in a 43-year-old patient, SWE
examination, transverse scan. The capsule area was blue-green
(arrow), Emax value=18.4kPa

Fig 4. Acute spermatitis in a 28-year-old pacient, SWE examination, longitudinal scan. The spermatic cord was blue-green
(arrows) and the Emax value was 22.7KPa

gree of the lesion can be determined [19-21]. Elastography was also applied in testicular pathology, including
tumors and spermatogenic function in infertile patients
[22-24]. Using Young’s modulus, the Emean (mean stiffness) values fit to evaluate the hardness of tissue diffuse
lesions [16,25], and the Emax values are most valuable
for determining the hardness of focal lesions [26,27].
We found the normal lower spermatic segment as uniform in thickness, straight in shape, soft in texture with
SWE uniform in blue and Young’s modulus Emax value
11.45±2.50 kPa. A few normal lower spermatic segments

Table II. Interobserver agreement elastography max values independently measured by 2 examiners

Examiner 1
Examiner 2
ICC value

Torsion group
Testicular capsule
138.76±58.27
133.47±60.44
0.96

Parenchyma testis
12.39±6.56
11.77±4.92
0.876

ICC: intraclass correlation coefficient

Spermatic cord
166.61±60.07
162.94±61.34
0.971

Inflammation group
Testicular capsule Parenchyma testis
16.40±4.71
9.65±4.86
15.74±5.42
9.16±3.48
0.883
0.866

Spermatic cord
14.14±4.94
14.26±5.52
0.879
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were tortuous but soft. This tortuous shape is associated
with scrotal relaxation and contraction, which is a physiological phenomenon. Acute orchitis, being accompanied by inflammation of the lower spermatic cord, was
characterized by swelling and dilatation of blood vessels.
The Emax value of Young’s modulus in the inflamed
lower spermatic cord was significantly lower than that in
the torsion spermatic cord but without significant difference compared with normal spermatic cord.
Congenital abnormalities such as abnormal attachment of spermatic tunica vaginalis, excessively long
spermatic cord and dysplasia of gubernaculum testis are
the anatomical basis of testicular torsion. Deep sleep, violent injury and strenuous exercise can all cause increased
scrotal peristalsis and induce excessive testicular rotation
to twist the lower spermatic cord. When the torsion of
the lower spermatic cord exceeds 180°, it can compress
the pampiniform plexus in the lower spermatic cord and
block the blood flow in the testis. When the torsion of
the lower spermatic segment exceeds 360°, the testicular
artery in the lower segment is also compressed and the
testicular blood supply is interrupted [9]. The lower spermatic segment twists into a group and forms the “vortex
sign” [7], with ischemic swelling and hardening of the
tissue and SWE shows the typical “stiff knot sign”.
Testicular capsule is composed of visceral layer of
testicular tunica vaginalis, white membrane and vascular
membrane. The visceral layer and white membrane are
tough, and the testicular parenchyma is soft, being mainly composed of seminiferous tubule [7]. Therefore, the
shear wave velocity values in the middle of the testicle
is different comparing with the testicular border [28]. On
the color map of SWE, in the control group, we found the
normal testicular capsule to be blue-green and the middle
testicular parenchyma as a uniform blue color.
In acute testicular inflammation, testicular tissue is
swollen due to inflammatory cells infiltration, but the
blood vessels have no microthrombus formation or venous reflux barriers, so no significant increase in pressure in the testis appears. For this reason, we detected
no “stiff ring sign” in the testicular capsule. Emax value
of Young’s modulus in the middle parenchyma of testis
in acute orchitis was not significantly different from the
value obtained in the torsion group (p=0.053), therefore,
we do not recommend the use of Emax value from the
middle parenchyma of testis for differentiation between
these pathological situations.
The histopathology of testicular torsion in this group
showed microthrombus formation in the lumen of the
blood vessels in the testis, edema in the surrounding
stroma, and a large number of red blood cell leakage and
inflammatory cell infiltration. The parenchyma in the

middle of testis was uneven blue or blue-green, and the
Emax value of young’s modulus was significantly higher
than that of normal testis (p=0.0001). Microscopically,
the white membrane of the testis is thickened, and the
swelling of the testicular tissue can further compress
the white membrane and increase its hardness significantly. Therefore, SWE in the testicular capsule showed
a yellow-orange or red, and some cases presented a “stiff
ring sign”, and the Emax value of young’s modulus was
significantly higher than that of a normal testis or acute
orchitis (p=0.000).
Testicular torsion is divided into complete and incomplete torsion. In the early stage of testicular incomplete torsion, the blood flow of spermatic vein is blocked
but the blood supply of the testicular artery still exists
[29,30]. We had 2 cases of incomplete torsion in the torsion group in which the lower spermatic segment was
twisted, but no “vortex” sign or echogenicity alterations
of the testicular parenchyma were found and a small
amount of blood flow signals was detected in testicle and
twisted spermatic cord. In these cases, the Emax value of
the middle parenchyma was only slightly higher but the
Emax value of the testicular capsule area and the lower
part of the spermatic cord were significantly increased
(>80Kpa), and the lower segment showed “stiff knot”
sign. Therefore, when conventional ultrasound cannot
clearly determine the existence of torsion, SWE can be
used to make a clear diagnosis.
This study has several limitations. Firstly, because it
was a retrospective study, the age distribution was uneven, including children and adults. Secondly, for incomplete testicular torsion without “vortex” sign in the
lower spermatic segment, Emax values may be different
due to the different degrees of spermatic distortion and
swelling, and the cut-off value with differential diagnostic value needs to be further discussed by increasing the
number of cases.
In conclusion, the Young’s modulus Emax of spermatic cord torsional segment, testicular capsule area and
middle parenchyma can be significantly increased during
testicular torsion. In particular, the “stiff knot” sign in the
lower part of the spermatic cord and the “stiff ring sign”
in the testicular capsule are typical SWE findings of testicular torsion, which are obviously different from those
of acute orchitis.
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