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Abstract In this pictorial essay the authors review the normal
sonographic gray-scale and Doppler appearance of the pedi-
atric scrotum with an emphasis on technique. The authors
present an update on ultrasound diagnosis and outcomes in
testicular torsion and differentiation from other acute scrotal
processes, as well as sonographic imaging of testicular
microlithiasis and uncommon or atypical scrotal masses in-
cluding splenogonadal fusion, polyorchidism, meconium
peritonitis and epidermoid cyst. Further, the authors discuss
testicular neoplasms in the context of testicular microlithiasis.
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Introduction

Sonography is an ideal modality for imaging scrotal disorders
in children [1–7]. It is highly accurate, readily available at
most institutions, safe, and does not require sedation.

Normal gray-scale anatomy

High-resolution imaging of the scrotum is best accomplished
with high-frequency (9- to 18-MHz) linear-array transducers.

The normal scrotal wall is 2- to 3-mm thick (Fig. 1). The testes
are symmetrical, oval-shape organs characterized by a homo-
geneous pattern of medium-amplitude echoes. Transverse-
plane sonograms are important for comparing the testes’ sym-
metry in size and echogenicity (Fig. 1). The gray-scale appear-
ance of the testis varies with transducer frequency (Fig. 1). To
avoid misdiagnosis, one should assess the technique employed
in acquiring images. On high-resolution ultrasound, the lobules
of the testes are separated by interlobular hypoechoic fibrous
septations. The tunica albuginea is a thick fibrous capsule sur-
rounding the testis. The tunica folds into the testicular paren-
chyma parallel to the epididymis to form the linear echogenic
mediastinum testis. The epididymis is a curved structure at-
tached to the posterior testis with the epididymal head forming
a cap overlying the cranial aspect of the testis (Fig. 1). The
epididymis is isoechoic or slightly hypoechoic to the testis.
Two vestigial remnants, the appendix epididymis and the ap-
pendix testis, can be visualized on ultrasound, particularly in
the setting of a hydrocele (Fig. 1). The appendages are func-
tionally inert but can become involved in inflammatory or
neoplastic processes. The tunica vaginalis is a peritoneal reflec-
tion, surrounding the entire testis except where the testis is
fixed to the epididymis and spermatic cord posteriorly. A small
amount of fluid within the tunica vaginalis is normal.

Doppler ultrasound

Color and spectral Doppler US are important for assessing blood
flow to the normal testes and surrounding structures. The testic-
ular arteries arise from the abdominal aorta and are accompanied
by the artery of the vas deferens, cremasteric artery and corre-
sponding veins as they course through the spermatic cord into the
scrotum. Transverse color Doppler of both testes is important for
assessing the presence and symmetry of Doppler flow (Fig. 2).
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The asymptomatic testis serves as a control for assessing in-
creased or decreased flow on the symptomatic side. Doppler
settings should be optimized and then not be changed when
comparing the testes to avoid misdiagnosis of increased or de-
creased flow from changes in technique. A sagittal view of the
inguinal canal and upper scrotum demonstrates the normal sper-
matic cord as a linear rope-like structure with no evidence of
rotation (Fig. 2). The cord might appear enlarged and
hypervascular during Valsalva maneuver from a varicocele,
which should not be mistakenly diagnosed as an inguinal hernia
(Fig. 2).

Doppler optimization

Understanding and applying Doppler principles are important
for optimizing flow detection and accurate diagnosis of path-
ological processes. This is particularly true in pre-pubertal
boys, in whom the testes are small and associated with rela-
tively low flow.

To maximize detection of flow, one must be familiar
with the user-controlled Doppler parameters. Testicular
flow is slower in pre-puberty compared with post-puber-
ty. To best detect testicular flow in pre-pubertal boys, it
is important to use a high-frequency transducer, low
pulse repetition frequency, low or absent filter, and high
gain. These parameters and recommendations are
discussed in greater detail in the next sections and are
listed in Table 1.

Doppler frequency shift

Doppler frequency shift is governed by the following equa-
tion: fd=(2f0V cos θ)/C, where Fd represents the magnitude of
the Doppler frequency shift, f0 represents the Doppler fre-
quency of the transducer, V represents the velocity of moving
tissue (blood), theta is the angle of Doppler interrogation, and
C is the speed of sound in tissue. As a result, a high-frequency
transducer better detects slow flow than a low-frequency
transducer. Therefore the magnitude of the detected frequency

�Fig. 1 Normal anatomy in an 11-year-old boy. a Transverse gray-scale
US image of the scrotum demonstrates symmetrical, equal-size
homogeneous testes. Normal scrotal wall (double-head arrow). b Gray-
scale US image at 9 MHz shows a heterogeneous “grainy” appearance of
the testis. cGray-scale appearance at 15MHz shows improved resolution
and homogeneous echogenicity. Note: All other parameters were kept
constant. d Sagittal color Doppler US image of the scrotum shows the
normal curved epididymal body (solid arrow) and the epididymal head
capping the cranial end of the testis (dashed arrow). e The appendix testis
(curved arrow) and appendix epididymis (solid white arrow) are well
visualized in the setting of hydrocele (white star). Epididymis (dashed
arrow) and testis (black star)
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shift is increased with a higher Doppler frequency irrespective
of other parameters (Fig. 3).

Pulse repetition frequency

Pulse repetition frequency (PRF) is the repetition rate of US
pulses emitted by the transducer. As a rule of thumb, fast flow
should be sampled at a high PRF and slow flow detection is
optimized with a low PRF. PRF is adjusted utilizing the scale
setting on most US systems. Detection of blood flow in the
pediatric testis is optimized by using a lower PRF to assure
detection of blood flow to the testes (Fig. 3).

Frequency filters

Frequency filters exclude undesirable low-frequency shifts
that can originate from respiration and peristaltic motion.
Care must be taken not to eliminate the low-frequency shifts
produced by slow blood flow. Filters should be diminished to
assure detection of slow blood flow as encountered in the
pediatric testis (Fig. 3).

Color gain

Color gain, or gain, refers to the user-controlled amplification
of the Doppler frequency shift. If the gain setting is too low,
flow might not be detected. Flow detection is optimized by
setting the gain to the highest level that does not demonstrate
burst artifact. Power Doppler may also be utilized to increase
the detection of testicular blood flow because it is more sen-
sitive for flow detection than conventional color Doppler.

Doppler frequency shift might also be displayed as a spec-
tral waveform over time for a user defined region of interest.
The testicular artery demonstrates high diastolic flow in in-
fants and post-pubertal males (Fig. 3) and often low or absent
diastolic flow in pre-pubertal males (Fig. 3). Spectral tracings
can be helpful in verifying blood flow to the testes when color
Doppler signal is equivocal.

Acute scrotum

Acute scrotal pain and swelling in boys most often occur
secondary to vascular compromise or inflammatory lesions.
The most common causes include testicular torsion, torsion of
the testicular appendages, epididymitis and epididymo-
orchitis (Table 2).

Testicular torsion

Testicular torsion commonly presents in adolescents and
newborns and is the final diagnosis in approximately 23%
of boys presenting with an acute scrotum [8]. Prompt and
accurate diagnosis is crucial for testis salvage [9]. The
time from presentation to the emergency department to

Fig. 2 Doppler ultrasound in a
14-year-old boy. a Transverse
color Doppler US image shows
symmetrical flow to the testes. b
Sagittal color Doppler US image
demonstrates normal spermatic
cord (arrows), with no evidence
of rotation. c Varicocele
mimicking hernia. Sagittal color
Doppler US at inguinal canal
initially diagnosed as inguinal
hernia (arrows). d Follow-up US
examination with Valsalva
maneuver confirms varicocele
(arrows)

Table 1 Summary of user-controlled Doppler parameters and
corresponding ideal levels to maximize detection of testicular blood flow

Parameter Doppler recommendations

Doppler frequency High

Pulse repetition frequency Low

Frequency filter Low

Color gain High
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Fig. 3 Color Doppler technique in a 12-year-old boy (a–g). a Color
Doppler frequency at 6 MHz shows no intratesticular flow. b Color
Doppler frequency at 15 MHz shows good intratesticular flow. Note: all
other parameters were kept constant. c Color Doppler at a high pulse
repetition frequency (PRF) shows minimal testicular blood flow. d
Color Doppler at low PRF setting shows good flow in the testis. Note:

All other parameters were kept constant. e Low filter allows for good
detection of flow. f High filter diminishes detection of normal flow in
the testes. Note: All other parameters were kept constant. g Spectral
Doppler image shows normal high diastolic flow. h Spectral Doppler
image shows normal low diastolic flow in a 2-year-old boy
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surgery is the most significant temporal predictor for a
salvageable vs. a non-salvageable testis [10]. Salvage
rates approach 100% with surgery within 6 h of presenta-
tion and less than 20% when surgery is performed after
12 h [3]. The most reliable clinical findings in testicular
torsion include acute onset, nausea, abnormal lie, and loss
of the ipsilateral cremasteric reflex [11, 12].

Gray-scale US findings in the testicular parenchyma in
testicular torsion are variable and nonspecific. The testis
might appear normal, enlarged or hypoechoic, or demon-
strate a heterogeneous echo pattern [3, 10]. A heteroge-
neous testis on US is more likely to be non-viable at sur-
gery, with 80% of non-viable testes appearing heteroge-
neous compared with 58% of viable testes (Fig. 4) [10].
Other gray-scale findings might include visualization of a

twisted spermatic cord, a reactive hydrocele or a displaced
epididymis (Fig. 4) [8].

Color Doppler US is highly accurate for diagnosing
testicular torsion, with recent studies reporting Doppler
sensitivities of 95–100% and specificities of 85–95% for
testicular torsion diagnosis [7, 13, 14]. Doppler findings
include absent or diminished intra-testicular blood flow
in the symptomatic testis compared to the asymptomatic
side (Fig. 4). Note that false-negative Doppler ultra-
sounds can occur in the setting of partial torsion or tor-
sion and detorsion.

Kalfa et al. [8] reported the presence of a twisted
spermatic cord to be more sensitive than color Doppler
for diagnosing torsion; however complete absence of
Doppler flow was their only criterion for diagnosing tor-
sion (Fig. 4). Galina et al. [15] reported the importance
of an abnormal location and appearance at the epididy-
mal head (Fig. 4) for diagnosing torsion in boys with
preserved Doppler blood flow to the testis. In research
studies using surgery as the gold standard, the Doppler
findings including absent color Doppler flow or asym-
metrically diminished flow are still the best studied and
are highly sensitive and specific. Although a twisted
spermatic cord or displaced epididymal head are impor-
tant associated signs for torsion, it is rare for the Doppler
to be normal when there is torsion.

Neonatal testicular torsion accounts for approximately 10%
of all cases [16]. Neonatal torsion can occur within 24 h of
birth or later, affecting a testis that was previously known to be
normal on physical examination. The affected testis is often

Table 2 Final diagnoses in 919 children who presented with acute
scrotum at 11 European university hospitals between 1992 and 2005
(adapted from Kalfa et al. [8])

Diagnosis Number of patients (%)

Torsion of the testicular appendages 307 (33.4%)

Epididymitis 290 (31.6%)

Spermatic cord torsion 208 (22.6%)

Testicular trauma 68 (7.4%)

Torsion/detorsion of the cord 14 (1.5%)

Acute idiopathic scrotal edema 9 (1%)

Others 23 (2.5%)

Fig. 4 Testicular torsion in a 6-year-old boy. a Transverse color Doppler
image shows an enlarged, heterogeneous left testicle (small arrows) with
peri-testicular blood flow but no intratesticular flow. Note normal flow in
the right testicle (large arrow). Testicular torsion and infarction were
confirmed at surgery. b Twisted cord within the inguinal canal. Linear
cord (dashed arrow), twisted cord (solid arrow) and testicle (star). c

Sagittal gray-scale image shows a displaced epididymal head (arrow) at
the caudal aspect of the scrotum. Normally, the epididymal head should
be at the cranial aspect of the scrotum. d Color Doppler sagittal image
shows displaced, enlarged and slightly hypervascular epididymis
(arrows), which might mimic epididymitis. An enlarged epididymis
should not distract from the underlying diagnosis of testicular torsion
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non-viable at the time of diagnosis in these cases (Fig. 5) [17].
Immediate surgery might be warranted to perform an
orchiopexy aimed at preventing synchronous or
metachronous torsion of the asymptomatic testis [18–21].
Scrotal trauma, usually associated with breech delivery, can
mimic torsion [22]. Color Doppler US is usually definitive by
demonstrating scrotal wall edema and preservation of intra-
testicular flow in trauma cases (Fig. 6).

Non-surgical acute scrotum

Color Doppler US is also highly accurate for differentiating
acute torsion from other causes of acute scrotal swelling
and pain in boys, including acute epididymitis, torsion of
the testicular appendages, Henoch–Schönlein purpura and
acute idiopathic scrotal edema [8, 23]. Ultrasound of epi-
didymitis demonstrates an enlarged epididymis with hyper-
emia on color Doppler (Fig. 7). Torsion of a testicular
appendage shows hyperemia surrounding the testicular ap-
pendage and preservation of normal flow within the testis
(Fig. 8). Henoch–Schönlein purpura and acute idiopathic
scrotal edema typically have scrotal wall thickening and
hyperemia with preservation of flow to the testes (Fig. 9).
Differentiating these lesions from torsion is important

because these lesions can usually be treated medically and
do not require surgical intervention.

Testicular microlithiasis

Testicular microlithiasis is often detected as an incidental
finding [24, 25]. Testicular microlithiasis is characterized
by five or more non-shadowing intratesticular echogenic
calcific foci per testicle, which are localized to the sem-
iniferous tubules (Fig. 10). Several studies have sug-
gested a relationship between testicular microlithiasis
and testicular cancer, particularly germ cell tumors [25,
26]. Trout et al. [27] reported a significant association
between testicular microlithiasis and testicular neoplasia
in a large multi-institutional retrospective study of pedi-
atric patients. Malignant germ cell tumors were present
in 2.8% of patients with microlithiasis and only 0.12%
without microlithiasis. The risk of developing testicular
neoplasia in the setting of testicular microlithiasis is un-
known. Accurate assessment of cancer risk would re-
quire a large prospective study. There is no standardized

Fig. 5 Neonatal torsion in a 4-week-old boy. Transverse US image
shows a heterogeneous right testicle with lack of internal color flow and
a typical calcified rim (three arrows). Note the normal left testis (single
arrow). Findings are consistent with testicular infarction

Fig. 6 Traumatic breech delivery in a 1-day-old boy. Transverse Doppler
US image shows prominent scrotal wall edema (arrow) but preserved
intratesticular flow, compatible with a history of traumatic delivery.
Normal flow was confirmed on real-time imaging. Scrotum and testis
were normal at 4-week follow-up US examination

Fig. 7 Epididymitis in a 10-year-old boy. Doppler US shows
enlargement and hyperemia of the epididymis (arrows) in this boy with
acute epididymitis

Fig. 8 Torsion of the appendix testis in a 7-year-old boy. Sagittal gray-
scale US image shows an echogenic mass (solid arrow) separate from the
testicle and epididymis (dashed arrow). This was noted to be avascular on
color Doppler. Given the appearance and location, it is most compatible
with torsion of the testicular appendage

1130 Pediatr Radiol (2017) 47:1125–1133



protocol for surveillance criteria of previously diagnosed
testicular microlithiasis for the onset of tumor.

Uncommon non-neoplastic scrotal masses

Splenogonadal fusion

Splenogonadal fusion is a rare anomaly characterized by
congenital fusion between a portion of the spleen and the
gonad (Fig. 11). It is much more common in boys than
girls [28–30]. This likely relates to the accessibility of the
male gonad to palpation, which enables recognition of the
anomaly [29, 30]. Splenogonadal fusion is usually an in-
cidental finding manifesting as either an intra- or extra-
testicular mass. Because splenogonadal fusion interferes
with normal gonadal descent into the processus vaginalis,
there is an increased association with inguinal hernia or
undescended testicle.

Splenogonadal fusion can be subcategorized into con-
tinuous or discontinuous types. In the continuous type the
gonad is linked to the spleen via a fibrous cord of splenic
tissue that courses from the upper pole of the normal
spleen to the testis. Associated anomalies include limb
deficiency anomalies and micrognathia [30]. The discon-
tinuous type of splenogonadal fusion is a variant of an
accessory spleen and is rarely associated with any other
congenital anomalies [29, 30]. The discontinuous type can

appear as a hypoechoic mass in the testicle and can be
indistinguishable from a testicular malignancy. Color
Doppler flow often shows a central feeding vessel, which
might branch out to the rest of the splenic tissue.
Awareness of this condition could avoid unnecessary or-
chiectomy because the testis can be separated and pre-
served while the lesion is removed.

Polyorchidism

Polyorchidism is a rare congenital anomaly in which a
supernumerary testis is identified in one hemiscrotum
(Fig. 12). Polyorchidism is usually asymptomatic and di-
agnosed as an incidental finding during surgery for ingui-
nal hernia, testicular tumor or torsion. Polyorchidism is
associated with an inguinal hernia in approximately 24%
of cases and undescended testis in 22% of cases, and has
also been associated with microlithiasis [31, 32]. A super-
numerary testis is usually seen as a solid nodule, isoechoic
to the normal testis but smaller in size. A hydrocele is
present in approximately 9% of cases. Color Doppler
demonstrates a similar flow pattern to both the normal
testis and the supernumerary testis. Management of
polyorchidism is debated; however, resection and ipsilater-
al orchiectomy might be recommended because of the in-
creased risk for malignancy, with a reported incidence of
up to 5% [31].

Fig. 9 Henoch–Schönlein purpura in a 4-year-old boy with acute scrotal
pain. Color Doppler US shows thickened hypervascular scrotal wall with
preservation of flow to the testes

Fig. 10 Testicular microlithiasis in a 6-year-old boy. Transverse gray-
scale image shows bilateral non-shadowing punctate echogenic foci,
diagnostic for microlithiasis

Fig. 11 Splenogondal fusion in an 11-year-old boy. Sagittal US
image shows a circumscribed echogenic mass (solid arrow) along
the superior pole of the testicle (dashed arrow). Splenic tissue was
confirmed at surgery

Fig. 12 Polyorchidism in a 17-year-old boy. Color Doppler US image
demonstrates a supernumerary testis (solid arrows), which is isoechoic to
the normal testis (dashed arrow)
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Meconium peritonitis

Meconium peritonitis occurs secondary to in utero bowel
perforation associated with congenital bowel obstruction.
Meconium peritonitis can extend from the peritoneal cavity
into the scrotum via a patent processus vaginalis and man-
ifest on US as a scrotal mass, usually associated with calci-
fications. On rare occasions meconium peritonitis can ap-
pear as a very large concretion associated with a complex
meconium collection in the scrotum (Fig. 13). Diagnosis is
usually readily apparent given the underlying diagnosis of
intestinal atresia.

Epidermoid cyst of the testicle

Epidermoid cysts are benign tumor-like lesions characterized
by a fibrous wall and multiple layers of keratin creating an
onionskin appearance that is characteristic but not always
present. On sonography epidermoid cysts can manifest as a
sharply defined mass with a hyperechoic rim and an onion
ring appearance comprising alternating hypo- and
hyperechogenic layers (Fig. 14). Absent flow on color

Doppler is characteristic. The characteristic gray-scale find-
ings should suggest the diagnosis of an epidermoid cyst and
allow for testicle-sparing surgery [33].

Conclusion

In this pictorial review, we have provided an overview of basic
scrotal US findings in the pediatric population. Knowledge of
normal sonographic anatomy of the scrotum and the applica-
tion of proper sonographic technique are crucial for assuring
accurate diagnosis and management of scrotal pathology in
children. We described several causes of acute scrotum, with
an emphasis on testicular torsion. In this essay we also
reviewed the sonographic appearance and significance of tes-
ticular microlithiasis and atypical scrotal masses, including
epidermoid cyst, splenogonal fusion, polyorchidism and me-
conium peritonitis.
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