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Abstract The purpose of this study is to present the role
of ultrasonography and MRI in the investigation of
testicular and penile masses, as well as to review the
literature. This article is based on our experience with
230 patients who presented with acute or subacute
scrotal pain or painless enlargement of the scrotum or
penis. Gray scale and color Doppler ultrasonography
(CDU) were applied in all cases. In 73 cases, the final
diagnosis was established by surgery and in 157 cases by
follow-up. MRI was performed in 48 cases. Ultraso-
nography was the initial imaging modality in all cases. It
provided detailed anatomic information with high sen-
sitivity and accuracy in cases of torsion, inflammation,
varicocele and trauma. In cases of tumor, US showed
the presence of the mass in all cases, while it additionally
revealed certain characteristic features of tissue consti-
tution and blood supply. In most cases, differentiation
between various types of tumors or differentiation be-
tween malignant and benign lesions was impossible.
MRI, besides the detailed anatomic imaging, also pro-
vided a certain degree of tissue specificity. MRI could
help in the detection and staging of penile cancer and in
the evaluation of testicular and scrotal masses, especially
when a diagnostic dilemma occurred on ultrasono-
graphic examination. Ultrasonography, combining gray
scale and color techniques, is irreplaceable in the diag-
nostic work-up of scrotal and penile masses, while MRI
can serve as a problem solving diagnostic modality.

Keywords Ultrasound Æ MRI Æ Testicular
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The clinical evaluation of the testicular and penile
pathology can be difficult and inconclusive. In the
majority of cases, the clinical manifestation, including
pain, edema and enlargement, as well as the findings on
palpation and laboratory tests, can lead to an accurate
diagnosis. On the other hand, there are cases in which
the diagnosis is possible only with the aid of imaging
techniques, such as ultrasound (US), color Doppler
ultrasonography (CDU) and magnetic resonance imag-
ing (MRI). Such problematic cases can involve testicular
tumors, subacute chronic orcheoepididymitis, lympho-
mas, testicular infarction, and late diagnosed testicular
torsion. In cases of testicular trauma, the integrity of the
tunica albuginea has to be confirmed in order to avoid
surgical exploration. Penile neoplastic pathology is an-
other area where precise information about the location,
the extent and the involvement of the disease will enable
the surgeon to perform the correct procedure.

Nowadays, high resolution ultrasonography is con-
sidered as an extension and supplement to clinical
evaluation, being the imaging modality of choice for the
evaluation of testicular, scrotal and penile diseases.
Advances in technology, with the introduction of high
frequency probes, have significantly improved the diag-
nostic confidence of the method, providing information
on the normal anatomy, the morphological features, as
well as relevant data on the vascular supply of the le-
sions examined. Additionally, ultrasound examination
can be performed with minimal patient discomfort, at
low cost and without ionizing radiation.

Nevertheless, there are cases in which both clinical
examination and US fail to establish the correct diag-
nosis. The use of MRI has been suggested in previous
studies as an alternative imaging method for a variety of
diseases involving the testis and penis when US is
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inconclusive. MRI provides detailed high resolution
images of both testes and penis without the use of ion-
izing radiation. The multiplanar capabilities of the
technique, combined with the high contrast resolution,
can add valuable information towards the diagnosis.

Here, we review the normal US and MRI anatomy of
the scrotum and penis, discuss the technical features of
these imaging modalities and provide the US and MRI
findings for various pathological entities, such as
inflammation, torsion, trauma and neoplasms of the
testis, as well as, the features of penile tumors and
Peyronie’s disease.

Anatomy

In adults, normal testes are paired oval structures that
measure 4–5 cm in the craniocaudal axis and 2–3 cm in
the anteroposterior axis. Each testis is composed from
200–300 pyramidal lobules, each one of which contains
400–600 seminiferous tubules. The testis is surrounded
by the tunica albuginea, which is composed by fibrous
tissue and invaginates into the posterior surface of the
gland, forming the mediastinum testis. Septa extend
from the mediastinum and divide the gland into pyra-
midal lobules. In US, the testes appear as oval smooth
structures with homogeneous echogenicity. The medi-
astinum appears as an echogenic band, and the rete
testis can be identified in 18% of cases as a hyperechoic
area adjacent to the mediastinum. A thin echogenic line
around the testis represents the tunica albuginea. On
MRI, the normal testis has a high signal intensity on
T2W images, slightly lower than that of water (Fig. 1),
while on T1W images it appears with intermediate signal
intensity. T2W sequences are sensitive in revealing

pathologic conditions of the testis, while T1W sequences
can help in tissue characterization, such as in the dem-
onstration of fat, hemorrhage and proteinaceous fluid.
The tunica albuginea measures about 1 mm in thickness
and is of low signal intensity on both T1W and T2W
images because of its fibrous nature. The fibrous septa
within the testis are depicted as low signal intensity
linear structures on T2W images.

The epididymis is attached to the posterior surface of
the testis. The superior portion of the epididymis forms
the head, the middle portion the body while the inferior
forms the tail. The seminiferous tubules converge to
larger ducts, called the tubule recti, which drain to the
rete testis at the testicular hilum. The rete testis con-
verges to 15–20 efferent ductules that penetrate the
mediastinum portion of the tunica albuginea to form the
head of the epididymis. The efferent tubules converge to
a single convoluted tubule, which runs along the body
and the tail, exiting the epididymis as the vas deferens.
In US, the epididymal head is usually of the same ech-
ogenicity as the testis. It may be difficult to recognize the
small body of the epididymis when not enlarged. The tail
is smaller than the head and appears as a curved struc-
ture at the inferior pole of the testis. The epididymis is of
intermediate signal intensity on T1W images and is rel-
atively isointense to the testis, while it is of intermediate
intensity on T2W images, lower than that of the testis.
The vas deferens are depicted on T2W sequences as
tubular formations, with a dark wall and slightly bright
lumen.

The testicular, deferential and cremasteric arteries
supply blood to the scrotum. Testicular arteries arise
from the abdominal aorta beneath the renal arteries,
cross the ureters and the external iliac arteries and enter
the spermatic cord at the inguinal ring. They represent
the main vascular supply to the scrotum. Testicular
arteries branch at the upper pole of the testis, penetrate
the tunica albuginea and form the tunica vasculosa.
Some branches form the capsular arteries, while others,
arising from the capsular arteries, flow to the mediasti-
num where they form the recurrent rami that carry
blood into the testis parenchyma [19, 23, 24] (Fig. 2).The
deferential artery, originating from the internal iliac
artery, and the cremasteric artery, originating from the
inferior epigastric artery, anastomose with the testicular
arteries and supply the epididymis, vas deferens and

Fig. 1 Normal anatomy. a Coronal T2W penile image: the corpus
spongiosum and the two corpora cavernosum demonstrate high
signal intensity. The tunica albuginea surrounding the three
corpora is depicted with low signal intensity. The urethra is
detected as a low signal intensity lesion within the corpus
spongiosum. b Coronal T2W image of the testis: the testis has
high signal intensity, but lower than that of water. This becomes
obvious by comparing the signal intensity of this normal testis, with
the adjacent hydrocele. Tunica albuginea is clearly demonstrated
with low signal intensity surrounding the testis
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peritesticular tissue with blood. Veins correspond to the
arteries. The pampiniform plexus is formed around the
epididymis and continues as the testicular vein through
the inguinal ring. The right testicular vein empties into
the inferior vena cava and the left into the left renal vein
[19]. Spectral Doppler analysis reveals a low resistance
type of spectrum for the testicular artery and a high

resistance type for the deferential and cremasteric
arteries [24, 35]. The vascular structures on MRI are
shown with low or intermediate signal intensity on T1W
or T2W images. The scrotal wall, which is formed by the
dartos muscle and fascias, is usually depicted with low
signal intensity on T2W images.

The penis is composed by three cylindrical bodies of
endothelial trabecular tissue, each of which is sur-
rounded by a tunica albuginea. There are two corpora
cavernosa situated dorsally and a corpus spongiosum
situated ventrally, in the midline, surrounding the ure-
thra. On US, the corpora cavernosa are relatively hyp-
oechoic in comparison with the corpus spongiosum,
which is relatively hyperechoic. The cavernosal arteries
are easily found at the base of the penis and the tunica
albuginea is depicted as an echogenic line surrounding
the corpora. The arterial supply is from the internal
pudenal artery, originating from the internal iliac artery
and dividing into the dorsal penile, cavernosal and
bulbar arteries [24].

On MRI, the cavernosal and spongiosum bodies have
an intermediate signal intensity on T1W sequences. On
T2W images they appear with increased signal intensity
of varying degree, depending on the blood flow at the
time. The urethra is easily identified as a low signal
intensity structure within the homogeneous high signal
intensity of the corpora spongiosum (Fig. 1).

Materials and methods

Our findings are based on the evaluation of 230 patients,
15–45 years old, who presented with acute of subacute
scrotum or painless testicular enlargement. We also
examined various penile conditions, such as tumors and
Peyronie’s disease.

Gray scale and CDU were performed in all cases, in
48 of which an MRI study was additionally performed.
The results of each imaging modality were compared
with the final diagnosis, which was established by the
pathologist on a surgical specimen in 73 cases, and with
a clinical and imaging follow-up in the remaining 157.

For the ultrasound examination, we used anATL 5000
HDI unit with a high resolution linear transducer of 5–
12 MHz. The patient lay in a supine position with a pad
beneath the scrotum and gray scale, color and power
Doppler images were obtained in each case. Color veloc-
ities were set at ±4.4 cm/sec and color gain was up to
84%. The power Doppler technique was applied for the
detection of lower velocities because of the increased
sensitivity of the method to low flow and its independence
from Doppler angle correction and aliasing [41]. The
testes were examined along the transverse and long axis
and the size, echogenicity and vascular supply of each
testis, epididymis and spermatic cord were compared to
the contralateral side, as well as to the normal anatomy as
described in the literature. A convex transducer (2–
5 MHz) was used for the evaluation of deep lying lesions,
such as, for example, giant hydroceles, hematomas and

Fig. 2 a Schematic demonstration of the normal vascularity of the
testis. b Normal vessels of the testis. Color Doppler ultrasonogra-
phy easily depicts the capsular arteries at the periphery of the testis
and the centripetal branches coursing to the mediastinum testis
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hernias. The penis was examined in a dorsiflexed position
with the patient supine and identification of the corpora
cavernosa, the corpus spongiosum, the surrounding tu-
nica albuginea, as well as the cavernosal arteries was
performed with a 5–12 MHz transducer.

All MRI studies were performed using a 1.5 T
superconducting magnet. The patients are placed in a
supine, feet first position. A circular or rectangular
surface coil was used in order to obtain high resolution
imaging. Surface coils offer an increased signal-to-noise
ratio, thus allowing thin section imaging and small field
views. The scrotum was supported by a towel placed
between the thighs to avoid motion artifacts, as well as
to prevent overlap of the testes. The examination pro-
tocol consisted of: (1) axial and coronal T2W turbo spin-
echo sequences using a 3 mm slice thickness, FOV of
160 mm, TR 4,000–6,000 ms, TE 120 ms, 4NSA and
192·256 matrix, (2) axial and coronal T1W spin-echo
sequences, using a 3 mm slice thickness, FOV 160, TR
600 ms, TE 120 ms, before and after IV injection of
gadolinium, (3) a sagittal T2W TSE sequence was ob-
tained when additional information on the epididymis
was needed, and (4) additional sequences were obtained
using the body coil in order to evaluate inguinal region,
upper pelvis and lower abdomen.

The phallus was examined in a dorsiflexed position,
which allows visualization of the long axis, as well as the
acquisition of symmetrical images of the penis in the
coronal plane. The phallus was stabilized with a
restraining belt to prevent motion artifacts. The exami-
nation protocol included: (1) axial, coronal and sagittal
T2W TSE sequences, using 3 mm slice thickness, FOV
180, TR 4,000–6,000 ms, TE 120 ms, 4NSA, and (2)
axial and coronal T1W SE sequences before and after IV
injection of gadolinium using a slice thickness 3 mm,
FOV 180, TR 600 ms, TE 12 ms and 2NSA.

Results

Our findings are summarized in Table 1 where gray scale
and color Doppler findings are correlated with the final
diagnosis for all patients.

In 95/97 patients with epididymo-orchitis, CDU was
able to establish the final diagnosis. Gray scale US was
correct in 80/97 cases. Thus CDU proved much more
sensitive than gray scale ultrasonography in establishing
the correct diagnosis.

Bilateral epididymo-orchitis was found in seven pa-
tients, and epididymal or testis abscesses in three cases
(Fig 3). In 15 patients, the spermatic cord was swollen,
tortuous, with a hypoechoic appearance and increased
blood flow as a result of inflammation. Subcutaneous
gas within the scrotal wall was found in all three cases,
with Fournier gangrene making the diagnosis obvious.
In 31 surgically confirmed cases of torsion, gray scale
correctly diagnosed the disease in ten cases and CDU in
29 cases. Two patients with incomplete torsion were
missed by US. For trauma, gray scale ultrasonography
established the diagnosis in 87.5% and CDU in 95.8%
of cases. In all cases, blood flow was detected in the
spermatic cord. In four patients, rupture of the testis and
hematoma were correctly depicted by US, while in one
case US was not able to reveal a rupture of the tunica
albuginea which was surgically demonstrated. The
depiction of venous flow in the scrotum and spectral
Doppler analysis can diagnose the presence of varicocele
in 100% of cases. Gray scale ultrasonography indicated
the diagnosis of the disease in three cases based on the
distention of venous plexuses with the depiction of veins
>2 mm. In cases of neoplasms, the depicted blood flow
was not specific for the determination of histological
type, while gray scale ultrasonography was sufficient for
the demonstration of the mass. Gray scale ultrasonog-
raphy can easily depict the presence of hydrocele in
100% of cases. In the case of adrenal rests, clinical and
laboratory findings, along with ultrasonographic
appearance, strongly indicated the disease, which was
finally diagnosed by FNA. In all cases with Peyronie’s
disease, calcified plaques were easily depicted by gray
scale ultrasonography, usually at the site of a palpable
mass, making the diagnosis obvious. Cavernosal arteries
were depicted in all cases.

False negative results were found in 58 patients with
gray scale ultrasonography (25.2%) and in nine patients
with CDU (3.9%).

Table 1 Results of ultrasound
examination of the scrotum Final diagnosis Grey scale Diagnostic

accuracy
Color Doppler Diagnostic

accuracy
Total

Epididymo-orchitis 80 82.5% 95 97.9% 97
Fournier gangrene 3 100% 3 100% 3
Neoplasms 18 81.8% 18 81.8% 22
Tumor like conditions 6 100% 6 100% 6
Cysts adrenal rests 1 1 100% 1
Trauma 21 87.5% 23 95.8% 24
Torsion 10 32.2% 29 93.5% 31
Hydrocele 13 100% 13 100% 13
Varicocele 3 30% 10 100% 10
Inguinal hernia 3 100% 3 100% 3

Penis
Peyronie’s disease 12 100% 12 100% 12
Neoplasms 6 75% 6 75% 8
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MRI was performed in four cases of orcheoepidi-
dymitis, 17 cases with primary testicular tumors,
two cases with testicular cysts, one case of adrenal rest,
three cases of torsion, four cases with testicular trauma,
four cases of hydrocele, two cases of inguinal hernias,
four cases with Peyronie’s disease, and seven cases with
penile neoplasms.

In terms of testicular and penile tumors, MRI based
on T2W images was able to detect the tumors in all 23
cases. A distinction between solid benign and malignant
tumors was impossible with MRI. In our series, benign
lesions of the penis (fibroma, neuroma, adrenal rests)
present with identical MRI characteristics to those of
malignant tumors. MRI correctly diagnosed the inva-
sion of the tunica albuginea by tumor in four cases, as
this was demonstrated in surgery. This method easily
depicted the presence of hydrocele and hernia. In cases
of testicular trauma, MRI was able to reveal the inter-
ruption of tunica albuginea, which was missed by US.
Increased contrast enhancement in the epididymis and
spermatic cord was apparent in inflammation, while in
cases of torsion enhancement of the spermatic cord
could not be detected.

Discussion

Epididymo-orchitis is one of the most common clinical
problems. Clinical manifestations vary and the patient
may be asymptomatic or report some mild symptoms,
while in severe cases fever, abscesses or gangrene may
complicate the disease [26, 28]. In young adults, it is
usually caused by sexually transmitted organisms such
as Chlamydia trachomatis and Neisseria gonorrhoeae. In
patients older than 35 years, Escherichia coli and Pro-
teus mirabilis are the most common causes, while in
homosexuals E. coli is the main causative factor [26]. In
20% of the cases, the disease is nonspecific. Rare causes
of the disease are brucellosis, tuberculosis, viruses, sar-
coidosis, trauma or even drug administration such as
amiodarone hydrochoride [6, 8, 14, 24, 28].

Gray scale ultrasonography demonstrates the hypo-
echoic appearance of the enlarged epididymis. In cases
with testicular inflammation, the testis can also appear
hypoechoic, enlarged and inhomogeneous [8, 24, 28].

Reactive hydrocele or scrotal wall thickening are present
in most cases [22, 24, 26]. However, gray scale findings
are nonspecific. Increased blood flow to the testis and
epididymis, easily depicted by CDU, can correctly
establish the diagnosis of inflammation. In 17 patients in
our study, this was the only sign of the disease. Horst-
man et al., as well as other writers [22, 26, 28], report
nine cases of epididymitis and eight cases of epididymo-
orchitis with a normal appearance in gray scale US and
increased vascularity in CDU. Clinical and laboratory
findings can confirm the diagnosis. Dal Mo Yang et al.
[17] report that the degree of blood flow was significantly
greater in patients with non-specific epididymitis than in
those with tuberculous epididymitis. In our series, the
two cases of orcheoepididymitis that did not show in-
creased vascularity were not caused by tuberculosis.

On MRI, the characteristic findings of epididymitis
were enlargement, intermediate signal intensity on T2W
images and intense enhancement of the epididymis and
the spermatic cord. Increased signal intensity of the
epididymis has been reported in other studies on both
T1W and T2W images [43]. When the testis is involved,
ill-defined areas of low signal intensity on T2W se-
quences were found. In one case with advanced disease,
the testis involved had a high signal intensity on T2W
images. Additional findings supporting the diagnosis
could be the ill-defined border of the testis, the demon-
stration of normal or thickened testicular septations, the
presence of reactive hydrocele, as well as thickening of
the adjacent scrotal skin [5].

The most common complications include abscesses,
pyocele or infarct [26]. A cystic fluid collection with
irregular walls and increased peripheral ring-like vascular
supply is awell established criterion for the diagnosis of an
abscess [22, 26]. However, it is sometimes difficult to dif-
ferentiate this image form that of a neoplasm. Follow-up
after antibiotic administration and remission of the
symptoms with improvement of the imaging findings
make the diagnosis of neoplasm improbable [22], as we
also observed in our study in three cases of abscess for-
mation that were followed-up. In inconclusive cases,MRI
has the potential to add valuable information on the dis-
tinction between inflammation and neoplasm [52].

Venous thrombosis in severe inflammation can lead
to ischemia and infarct with similar imaging appear-

Fig. 3 a Epididymal abscess.
Grey scale ultrasonography
shows an enlarged and
inhomogeneous epididymal tail,
with a round, hypoechoic focal
lesion with irregular walls
within. b Power Doppler
technique depicting the
characteristic ring-like
peripheral vascularity of the
abscess cavity
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ances [22, 26]. Sanders et al. report that a reversal of flow
during diastole in acute epididymo-orchitis is suggestive
of venous infarction [42].

Fournier gangrene is a necrotizing fasciitis of the
scrotum with a high mortality rate of about 75%, which
is usually caused by Klebsiella, Proteus, Streptococcus,
Staphylococcus, Peptostreptococcus, E.coli or Clostrid-
ium perfrigrens [7, 19, 47]. Gas is present in 18–62% of
these cases and the characteristic appearance of multiple
hyperechoic foci in the scrotum with the presence of
reverberation artifacts in association with the clinical
presentation can easily establish the diagnosis. A dif-
ferential diagnosis of gas in the scrotum includes the
presence of scrotal hernia. In the last case, the sonog-
rapher can depict the presence of air within the bowel
and follow the course of the bowel within the peritoneal
cavity.

A differential diagnosis between epididymitis and
torsion is a diagnostic dilemma for the urologist. Both
clinical manifestation and gray scale ultrasonography
can be inconclusive. The fact that the pain cannot be
relieved by elevating the scrotum, the absence of cre-
masteric reflex, the higher or transverse position of the
testis are indicative of torsion. Gray scale ultrasono-
graphic findings are not conclusive, as in torsion as well
as in inflammation, the testis and epididymis can be
enlarged, hypoechoic, and inhomogeneous with reactive
hydrocele [8, 10, 24]. In the early stages of acute torsion,
the testis may appear normal [8, 24, 26], while in rare
cases it appears hypoechoic with hyperechoic mediasti-
num [8]. A complete absence of blood flow in the testis
parenchyma is the main finding with CDU [8, 10, 26,
33], but normal extra-testicular flow can be detected [8].
In late torsions, increased blood flow in the scrotal wall
can be present [26]. In cases of transient torsion, a mild
increase in testicular and extra-testicular blood flow can
be depicted and differential diagnosis of the torsion from
orcheoepididymitis is impossible by means of US. In
these cases, the acute onset of symptoms and the abrupt
resolution can be indicative of transient torsion [26].
Decreased vascularity in comparison with the contra-
lateral healthy testis can be the only imaging finding in
cases of incomplete torsion [8, 26]. Suzer et al. report
that physical examination and gray scale ultrasonogra-
phy are insufficient for differentiating between inflam-
mation and torsion in 45% of cases, while the diagnostic
accuracy of CDU is 100% [45]. Burks et al. report a
sensitivity of 86%, specificity of 100% and diagnostic
accuracy of 97% for the demonstration of ischemia and
torsion [10]. In our study, CDU has the high diagnostic
accuracy of 93.5%.

In cases with acute torsion, the MR appearance of the
testis remains normal and only in the subacute or
chronic stage of the disease does the signal intensity of
the testis change. In subacute cases, the testis appears
enlarged with areas of high signal intensity on T1W
images, indicating the presence of hemorrhagic elements.
On the corresponding T2W images, the testis shows
mixed signal intensity. In the chronic stage of the dis-

ease, the testis is usually small, and with a decreased
signal on T2W images. Published data suggest that non-
enhancement of the spermatic cord is the most sensitive
and specific finding for torsion, and can help to differ-
entiate between torsion and epididymitis [46]. The tes-
ticular salvage rate depends on the duration of ischemia.
The salvage rate is 100% the first 6 h after the onset of
symptoms, 70% after 6–12 h, and 20% after 12 h [8].
CDU being highly accurate and easy to perform, it is
extremely valuable for the correct and quick diagnosis of
torsion and saving of the testis.

Despite the fact that the testis is mobile in order to
avoid trauma, direct force can lead to hematomas,
contusions or rupture of the tunica albuginea. Ultraso-
nography can evaluate the extent of the traumatic lesion
and the vascular supply to the testis. Scrotal wall
hematomas are depicted as a thickening of the wall or
fluid collection [26]. Blood collection between the tunica
albuginea and tunica vaginalis represents hematocele,
demonstrating varying echogenicity depending on the
age of the trauma. Thrombus appears hyperechoic in the
first days, becoming hypoechoic as the resolution pro-
gresses.

A large hematocele can displace the testis and ob-
struct the normal vascular supply resulting in atrophy of
the parenchyma [26]. The evaluation of the integrity of
the tunica albuginea is important. Rupture of the testis
leads to orchectomy in more than 50% of the patients
[26] if the surgery takes place in the first 72 h, while
orchectomy is necessary in only 5–20% of the patients if
the surgical restoration is immediate. In gray scale
ultrasonography, testis rupture appears as an interrup-
tion of the tunica albuginea [24, 26]. Sometimes, how-
ever, it is difficult to evaluate the continuity of the
echogenic line representing the tunica albuginea. On the
other hand, hypoechoic areas in the parenchyma can
represent hematomas or contusions without coexisting
rupture of the tunica. Corrales et al. report that gray
scale ultrasonography is invaluable in the investigation
of trauma and propose surgical investigation [15]. On
MRI, intra-testicular hematomas are demonstrated with
high signal intensity on T1W images and mixed signal
intensity on T2W images. The detection of tunica
albuginea rupture could be an advantage of MRI when
compared with US. Testicular trauma can sometimes
mimic orcheoepididymitis (Fig. 4), neoplasm, pyocele or
abscess [24]. Color Doppler ultrasonography can be
helpful in the evaluation of these lesions, revealing hy-
pervascularity in inflammation, variable vascularity in
neoplasms and the absence of blood flow in hematoma
[24, 33]. Suzer et al. report a diagnostic accuracy of
100% for CDU in traumatic scrotal lesions [45]

Clinical manifestation is usually indicative of the
presence of a neoplasm. Most patients present with a
painless palpable mass. In 10% of cases, neoplasms
present acutely because of hemorrhage within the mass
[24] or with hydrocele [29]. Only one of our patients
presented with acute scrotum. Ultrasonography is un-
able to differentiate between benign and malignant
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lesions [20]. It can, however, differentiate between intra-
testicular and extra-testicular masses [34]. Gray scale
ultrasonography has a sensitivity of 100% for the
detection of testis neoplasms. Carmignani et al. reported
that there were, unfortunately, no clear parameters for
differentiating between benign and malignant forms [11].
CDU can hardly offer additional information. Accord-
ing to Horstman et al. the tumor’s vascular supply de-
pends on its size and not on the histological type.
Tumors smaller than 1.6 cm tend to be hypovascular,
while tumors larger than 1.6 cm hypervascular [24, 29].
In our series, all neoplasms were larger than 1.5 cm and
their vascularity varied greatly. Hypervascular neo-
plasms have a similar ultrasonographic appearance to
inflammation using CDU [29]. Antibiotic administration
and follow-up, as well as blood cancer tests, can help the
differential diagnosis. Leukemic or lymphomatous infil-
tration of the testis can be bilateral and can present ei-
ther as diffuse enlargement or as multiple hypo- or
hyperechoic lesions [33]. In our cases with testicular

tumors, T2W images proved to be absolutely accurate in
revealing the mass (Fig. 5). However, a distinction be-
tween benign and malignant lesions, as well as the dif-
ferentiation between different histological types of germ
cell and stromal tumors by means of MRI was impos-
sible. Both benign and malignant tumors have low signal
intensity on T2W images with a variable degree of in-
homogenicity. They are also both isointense to the testis
showing a degree of enhancement [16, 35]. Previous re-
ports claimed that seminomatous tumors could be more
homogeneous than the non-seminomatous ones [43, 52].
MRI can also be used for local staging as well as for the
detection of enlarged lymph nodes in the inguinal region
and abdomen. A distinction between cysts and cystic
tumors can be achieved by MRI with sensitivity reaching
100% [44, 52].

The association between testicular microlithiasis and
cancer is a matter under discussion. Bach et al. report a
high association of intra-testicular microlithiasis and
confirmed testicular cancer [4]. Middleton et al. [36] re-
port that the majority of patients with testicular tumors
have coexistent microlithiasis, but also that 90% of the
patients with microlithiasis did not have a tumor. In our
study, microlithiasis was found in 13 patients, in four of
whom a neoplasm coexisted. In one case, large calcifi-
cations in an atrophic testis led to FNA, which revealed
the presence of adrenal rests in the testis (Fig. 6).

Ultrasonography is traditionally the method of
choice for the detection of cystic lesions. In the scrotum,
ultrasonography also allows the accurate diagnosis of
cystic formations [12]. Loberant et al. report on how
CDU could help the characterization of a cystic lesion
by revealing flow within the septa of a complicated cyst
that proved to be a cystic lymphangioma [31].

Tortuous anechoic structures in contact with the
epididymis measuring more than 2 mm indicate the
presence of varicocele with gray scale ultrasound.
However, the presence of spermatocele cannot be ruled
out. The depiction of flow within these structures, as well
as the enlargement of the vessels in erect position or
after Valsalva’s maneuver confirm the presence of vari-

Fig. 4a,b Differential diagnosis
between inflammation and
trauma with the use of color
Doppler ultrasound. Grey scale
ultrasound shows similar
findings, such as enlargement
and inhomogenity of the
epididymis in both cases.
a Color Doppler
ultrasonography depicts
increased vascularity
(epididymitis), b no flow was
demonstrated (trauma)

Fig. 5 Seminoma: sagittal T2W image. The seminoma is depicted
as a well defined mass with inhomogeneous, low signal intensity,
when compared to the testis
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cocele [8, 24, 33]. Flow reversion in the veins during
Valsalva’s maneuver is compatible with valve insuffi-
ciency of the spermatic veins [39]. Petros et al. report
that CDU can reveal subclinical varicocele responsible
for infertility in a high percentage of cases. Blood flow
cannot be depicted in cases of venous thrombosis [39].
Varicocele is more common on the left side. The left
testicular vein, draining to the left renal vein, has to
overcome a higher resistance than the right testicular
vein emptying to the inferior vena cava. A reverse flow
of blood results in varicocele more often on the left side
[8].

The diagnosis of hydrocele is rarely a problem. Gray
scale ultrasonography depicts an anechoic fluid collec-
tion in the scrotum. Internal echoes can sometimes be
shown in the hydrocele due to the presence of inflam-
matory or hemorrhagic elements or the presence of
cholesterol crystals [8].

The penis, as a superficial structure, is ideally suited
for the ultrasonographic approach. US can access the
extent of neoplasms and corpora invasion and can also
determine whether a mass involves only the glans of the
penis or the shaft as well. Horenblas et al. [27] report
that US is not accurate enough for staging small tumors
located at the glans. It can, however, reliably delineate
the relationship of the tumor to the tunica albuginea,
corpus cavernosa and urethra. Agrawal et al. report that
in a series of 59 patients with penile carcinoma there was
no significant association between echogenicity and tu-
mor morphology or grade [1]. We agree to that both
gray scale and CDU were not able to establish a specific
pattern for echogenicity and blood flow between benign
and malignant lesions. Lont et al. report a higher sen-
sitivity for MRI than US or physical examination for
the infiltration of the corpus cavernosum [32]. In our
series, benign masses including fibroma and neuroma
were located on the shaft outside of the corpora. Penile
and urethral tumors may have an identical presentation
on MRI. Both occur as inhomogeneous solid masses
with a lower signal intensity on both T1W and T2W
images compared to the corpora. They also have a
variable degree of enhancement after contrast adminis-

tration . Invasion of the tunica albuginea becomes
obvious in MRI examinations and this is an advantage
of the method for local tumor staging [40].

Peyronie’s disease can manifest with focal or diffuse
thickening of the tunica or with the formation of plaques
that are usually calcified [13]. Calcification was depicted
in all of our patients with Peyronie’s disease. However,
plaques may also present as hypoechoic or hyperechoic
lesions, with increased vascularity when they are active.
On MRI, the fibrous plaques when calcified are of low
signal intensity and indistinguishable from the tunica
albuginea. Active plaques demonstrate contrast
enhancement (Fig. 7) and they can thus be easily iden-
tified.

Conclusions

Various studies [2, 3, 8, 10, 18, 22, 25, 26, 28, 29, 30, 33,
38, 39, 45, 49] report that CDU, which easily demon-

Fig. 6 Testis adrenal rests. a
Gray scale depicts atrophy of
both testes and multiple
calcified round lesions. b On the
corresponding MR image, the
lesions are depicted with mixed
low signal intensity on this T2W
image

Fig. 7 Peyronie’s disease: acute face. An axial T1W contrast
enhanced image. The plaque is depicted as a bright lesion, due to
the intense enhancement, a few millimeters wide within the right
corpus cavernosa
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strates vascular supply and blood flow, is a valuable tool
in the diagnostic work-up of scrotal and penile diseases.
According to our results, the CDU and power Doppler
techniques are reliable in the diagnosis of orcheoepidi-
dymitis, estimating the extent of inflammation and
revealing the presence of abscesses. CDU can also
evaluate, with high diagnostic accuracy, the degree of
blood flow in the testis or the absence of vascular supply
in cases of trauma, being the main differential criterion
between inflammation and torsion. Finally, it can easily
depict the presence of varicocele and reveal subclinical
cases. Ultrasonography is irreplaceable in the diagnosis
of varicocele and torsion, and significantly improves the
diagnostic accuracy in cases of inflammation or trauma.

Predicting the value of MRI in the evaluation of
scrotum and penile diseases may be difficult, due to the
relatively limited number of publications available. At
present, MRI enables us to obtain high quality images of
the normal anatomy and pathology of the testis, scro-
tum and penis. To our opinion, MRI will serve as a
problem solving imaging modality, due to the high cost
of the method and the high sensitivity and specificity of
ultrasonography. Nevertheless, MRI can play an
important role in the following: (1) the preoperative
planning and local staging of testicular and penile
tumors, (2) the detection of integrity of the tunica
albuginea in trauma, and (3) the evaluation of cases for
which ultrasound or clinical examination are inconclu-
sive.
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