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Spectrum of Extratesticular and 
Testicular Pathologic Conditions at 
Scrotal MR Imaging1

Diagnostic workup of scrotal lesions should begin with a complete 
clinical history and physical examination, including analysis of risk 
factors such as family history of testicular cancer, personal history 
of tumor in the contralateral testis, and cryptorchidism, followed by 
imaging. Scrotal ultrasonography (US) with a combination of gray-
scale and color Doppler techniques has been the first-line imaging 
modality for evaluation of testicular and extratesticular lesions be-
cause of its low cost, wide availability, and high diagnostic accuracy. 
However, US has limitations related to operator dependence, the 
relatively small field of view, and lack of tissue characterization. 
Magnetic resonance (MR) imaging, because of its superior soft-tis-
sue contrast and multiplanar capabilities, is increasingly being used 
as a supplemental diagnostic problem-solving tool in cases where 
scrotal US findings are inconclusive or nondiagnostic. In addition 
to morphology, lesion location, and tissue characterization (eg, fat, 
blood products, granulation tissue, and fibrosis), scrotal MR imag-
ing provides important information that can affect surgical planning 
and improve patient care. MR imaging also is helpful for differen-
tiating testicular and extratesticular lesions, distinguishing between 
benign and malignant lesions, and evaluating the local extent of dis-
ease. This review discusses the anatomy and MR imaging features 
of testicular and extratesticular neoplastic and nonneoplastic condi-
tions and describes relevant MR imaging techniques.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Discuss the spectrum of benign and 
malignant extratesticular and testicular 
pathologic conditions at MR imaging.

 ■ Recognize the testicular pathologic 
conditions for which MR imaging plays a 
crucial problem-solving role.

 ■ Describe relevant MR imaging tech-
niques and the utility of various sequenc-
es for imaging of scrotal lesions.

See www.rsna.org/education/search/RG.

SA-CME LEARnIng ObjECTIvES

Introduction
Along with clinical examination, imaging plays an important role 
in the assessment of testicular and extratesticular lesions. Scrotal 
ultrasonography (US) remains the modality of choice for evaluation 
of scrotal pathologic conditions because of its wide availability, low 
cost, and high sensitivity for detection of scrotal lesions. However, in 
certain cases, characterization of testicular and extratesticular lesions 
at US is limited because of operator dependence, the small field of 
view, and limited tissue characterization. Magnetic resonance (MR) 
imaging of the scrotum has been proposed as an alternative problem-
solving technique in cases of inconclusive, equivocal, or nondiagnos-
tic US findings. The role of MR imaging is summarized in Figure 1 
(1). MR imaging is a useful diagnostic tool for anatomic and mor-
phologic assessment because of its multiplanar capabilities, including 
simultaneous imaging of the testicular and extratesticular spaces, 
and for tissue characterization because of the superior soft-tissue 
contrast. To ensure adequate treatment planning, it is important to 
determine the accurate location of scrotal lesions as either testicular 
or extratesticular (1). Most extratesticular masses are benign, and 
radical orchiectomy may be avoided. Testicular masses are consid-
ered malignant until proven otherwise, but scrotal MR imaging with 
a multiparametric approach helps narrow the differential diagnosis 
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in identifying chronic hemorrhage, as hemosiderin 
is more conspicuous with gradient-echo sequences 
because of the T2* effect, which causes bloom-
ing with in-phase sequences because of progres-
sive dephasing with the long er echo time (2,5). 
Fat-suppressed sequences should be used in cases 
where a fatty lesion is a consideration (6). The 
epididymis is slightly heterogeneous and hypo- to 
isointense relative to the testis on T1-weighted 
images and is hypointense on T2-weighted images. 
After contrast agent administration, the epididymis 
shows hyperenhancement relative to the testis (7). 
Diffusion-weighted imaging is useful for detection 
of malignant neoplasms and scrotal abscesses and 
is largely dependent on the extent of tissue cellu-
larity, densely packed neoplastic cells, and enlarge-
ment of nuclei, all of which are associated with 
restricted diffusion owing to the reduced mobility 
of water molecules. The mean ADC values for 
normal testicular parenchyma are in the range of 
1.08–1.31 3 10-3 mm2/sec, depending on patient 
age, and are lower in malignant lesions than in 
benign lesions or normal tissue (8,9). Axial T1-
weighted imaging with an extended or large field 
of view is used to image the abdomen and pelvis 
when cryptorchidism or malignancy is suspected, 
to exclude metastasis (4).

Extratesticular Pathologic Conditions

Extratesticular Lipoma
Lipoma is the most common benign mesenchy-
mal extratesticular tumor, comprising 45% of all 
extratesticular scrotal masses (10,11). Lipomas 
affect patients over a wide age range and are 
often discovered incidentally as nontender scrotal 
masses. At US, lipomas are typically well-defined 
hyperechoic lesions without internal flow at color 
Doppler US. Occasionally, an admixture of other 
mesenchymal elements, such as fibrous connective 
tissue or vascular tissue, alters the architecture of a 
lipoma (12). However, MR imaging can be helpful 
for definitive diagnosis. Lipomas have high signal 
intensity on both T1- and T2-weighted images and 
no contrast enhancement, which helps differenti-
ate them from liposarcoma. High signal intensity 
on T1-weighted images can be noted with hemor-
rhagic lesions; therefore, fat-suppressed images are 
essential to confirm the diagnosis (Fig 3) (6,13). 
Management of lipomas is excision if the tumor is 
symptomatic or if a definitive diagnosis with imag-
ing cannot be made (10).

Adenomatoid Tumor
Adenomatoid tumors are the second most common 
extratesticular tumor and the most common benign 
tumor of the epididymis and account for 30% 
of all extratesticular tumors (14). Adenomatoid 

for both extratesticular and testicular lesions. It 
also helps determine precise treatment strategies 
in cases where surgical exploration and orchiec-
tomy can be avoided and conservative treatment, 
clinical and imaging follow-up, biopsy, or testicu-
lar-sparing surgery can be performed (1–3).

MR Imaging

Imaging Protocol and normal 
Appearance of the Testes
Scrotal MR imaging should be performed with 
a 1.5-T magnet and a phased-array surface coil, 
and the testes should be elevated with a folded 
towel placed between the thighs, under the scrotal 
sac (4). An institutional MR imaging protocol is 
provided in Table 1. The normal testes are ho-
mogeneous, isointense to muscle on T1-weighted 
images, and hyperintense on T2-weighted im-
ages. On T1- and T2-weighted images, the testes 
are encircled by a low-signal-intensity covering 
representing the tunica albuginea (Fig 2) (3). On 
T2-weighted images, the mediastinum testis is 
identified as a low-signal-intensity band within 
the posterior portion of the testis. Axial dual-
echo (in-phase and opposed-phase) T1-weighted 
spoiled gradient-echo sequences are used to reveal 
intracellular lipid; these sequences are also helpful 

TEAChIng POInTS
 ■ Sinus or fistulous tracts in tuberculosis occur as a result of a 

caseous abscess reaching the skin; a chronic draining sinus 
tract should be considered of tuberculous origin unless prov-
en otherwise.

 ■ Tuberculosis and fungal infections should be considered in the 
differential diagnosis for sclerosing lipogranuloma. Necrotic 
material may be seen in these conditions; multinucleated gi-
ant cells with fat vacuoles are diagnostic for sclerosing lipo-
granuloma.

 ■ Serial follow-up of traumatic testicular lesions should be per-
formed because up to 15% of tumors can be detected after 
episodes of trauma. Traumatic lesions tend to resolve, where-
as tumors continue to grow.

 ■ At MR imaging, the normal testis has homogeneous interme-
diate T1 signal intensity and high T2 signal intensity and is 
surrounded by a fibrous layer of tunica albuginea, which has 
low T1 and T2 signal intensity. In the context of a hematoma, 
areas of heterogeneous low T2 signal intensity raise the pos-
sibility of testicular injury, and interruption of the low-signal-
intensity line representing the tunica albuginea is the key find-
ing of testicular rupture; therefore, it is important to evaluate 
the tunica albuginea in all three imaging planes.

 ■ Inflammatory processes such as epididymo-orchitis are ten-
der at physical examination but improve after treatment with 
antibiotics, whereas lymphoma or other testicular tumors are 
painless and do not resolve after treatment but can demon-
strate interval growth. Testicular sarcoid is more common in 
African-American males and does not respond to antibiotics. 
Testicular lymphoma can be an infiltrative process and can 
affect patients with a previous history of leukemia.
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Figure 1. Role of MR imaging in the evaluation of scrotal pathologic conditions. CDUS = color Doppler US; MR, MRI = MR imaging.

present with a painless scrotal mass. Adenomatoid 
tumors are smooth, round, well-circumscribed 
masses ranging in size from a few millimeters to 5 
cm (6). At US, their appearance is variable, rang-
ing from hyperechoic to hypoechoic to isoechoic 
relative to adjacent tissues. Differentiation from 
peripheral testicular parenchymal masses can be 
difficult at US; MR imaging may be helpful in 
distinguishing an extratesticular neoplasm from an 
intratesticular mass in the periphery of the testis 

tumors are mesodermal in origin. Forty percent 
occur in the tail of the epididymis, but they can be 
found elsewhere, including in the tunica (14%), 
epididymal head (12%), and testis (7.5%) and in 
unspecified locations (25%) (15–17). Adenomatoid 
tumors can occur in the spermatic cord and tunica 
albuginea, where they can grow intratesticularly, 
mimicking germ cell tumors (14). These tumors 
occur at a wide range of ages, with the majority 
found in patients aged 20–25 years. Patients usually 

Table 1: Institutional Protocol for 1.5-T MR Imaging of the Scrotum

Parameter

Sagittal 
T2W  

SSFSE
Axial T2W 

SSFSE 

Axial T2W  
SSFSE 
SPAIR 

Axial GRE 
(In, Opp) 

Axial 3D 
T2W  
FSE 

Axial T2W  
SSFP 

Coronal 3D 
T1W FS 

GRE (Pre, 
Post)

Axial 3D 
T1W FS 

GRE Multi-
phase

Axial T1W 
FS FSE 
SPAIR

Axial  
Pelvic 
DWI*

TR (msec)/
TE (msec)

1500/90 1500/89 1500/80 160/2.33, 
4.99

1200/123 2.76/1.13 3.77/1.35 3.81/2.11 550/9.6 7300/76

FA (degrees) 180 180 180 70 150 80 10 10 150 90

FOV (mm) 256 × 256 380 × 323 380 × 323 380 × 309 256 × 256 360 × 293 400 × 367 380 × 317 250 × 250 300 × 300

Matrix 256 × 256 320 × 320 320 × 320 320 × 224 256 × 256 256 × 256 288 × 187 288 × 216 256 × 230 192 × 192

Thickness 
(mm)

5 6 6 6 1 6 3 3 4 5.5

NSA 1 1 1 1 1.4 1 1 1 2 10

No. of accel-
erations

2 2 2 2 2 2 2 2 2 2

Time 
(min:sec)

0:53 0:53 0:53 0:29 5:40 0:14 0:18 0:18 5:26 2:04

Note.—DWI = diffusion-weighted imaging, FA = flip angle, FOV = field of view, FS = fat-suppressed, FSE = fast spin echo, GRE = 
gradient echo, In = in phase, NSA = number of signals acquired, Opp = opposed phase, Post = contrast-enhanced, Pre = nonen-
hanced, SPAIR = spectral attenuated inversion-recovery, SSFP = steady-state free precession, SSFSE = single-shot FSE, TE = echo 
time, 3D = three-dimensional, T1W = T1-weighted, T2W = T2-weighted, TR = repetition time. 
*b = 0 sec/mm2, b = 50 sec/mm2, and b = 1000 sec/mm2.
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(16). At T2-weighted MR imaging, adenomatoid 
tumors are hypointense relative to the testicular 
parenchyma. These tumors demonstrate slow 
or decreased contrast enhancement relative to 
the testicular parenchyma or contralateral testis. 
However, the enhancement can be variable 
because, less commonly, adenomatoid tumors 
show hyperenhancement relative to the testis 
(Fig 4) (16,18). Management of extratesticular 
adenomatoid tumors involves intraoperative 
frozen section biopsy used to confirm the diag-
nosis and local excision, whereas intratesticular 
adenomatoid tumors are treated with testicular-
sparing surgery (10).

Fibrous Pseudotumor
Fibrous pseudotumor is an uncommon extrates-
ticular lesion with an incompletely understood 
etiology. It is not considered a true neoplasm 

but a benign reactive proliferation of inflamma-
tory and fibrous tissue involving the tunica, in 
response to trauma, surgery, infection, or inflam-
mation (15,19,20). A rare association has been re-
ported with Schistosoma haematobium and human 
immunodeficiency virus (HIV) infection (19). 
About 50% of cases have an associated hydro-
cele, while 30% of cases are associated with prior 
trauma or epididymo-orchitis (2,19). The most 
common occurrence of fibrous tumors is in the 
3rd decade of life; they are rare before 18 years of 
age (21). Patients typically present with a painless 
scrotal lump of widely varying size or with unilat-
eral scrotal swelling (21). At histologic analysis, 
a fibrous pseudotumor is composed of dense 
fibrous tissue with interspersed fibroblasts mixed 
with inflammatory cells; it has been classified into 
several forms: (a) The nodular type is the most 
common type and appears as a fibrous nodule or 

Figure 2. Normal tes-
tes in a 30-year-old man. 
(a) Axial T1-weighted 
MR image through the 
scrotum shows normal 
testes (white arrows) 
with signal intensity 
similar to that of the 
surrounding muscles 
(black arrow). (b) Axial 
T2-weighted MR image 
shows the hyperintense 
parenchyma of normal 
testes (white arrows) 
surrounded by a thin 
lining of hypointense 
tunica albuginea (black 
arrows). (c) Coronal 
T2-weighted MR image 
shows the normal right 
spermatic cord (arrow) 
and epididymal head 
(arrowhead), which are 
hypointense compared 
with the testis. (d) Axial 
contrast-enhanced T1-
weighted MR image 
shows homogeneous 
enhancement of the 
testicular parenchyma 
(*). (e) Axial diffusion-
weighted MR image (b = 
800 sec/mm2) depicts 
normal testicles with 
high signal intensity (ar-
rows). (f) Apparent dif-
fusion coefficient (ADC) 
image shows ADC val-
ues within normal limits 
(right testis, 1.10 3 10-3 

mm2/sec; left testis, 1.17 
3 10-3 mm2/sec).
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Figure 3.  Extratesticular lipoma in a 40-year-old man. (a, b) Sagittal T1-weighted (a) and coronal T2-weighted (b) MR images 
show a moderately large well-encapsulated hyperintense mass (arrow) in the left hemiscrotum that displaces the left testis (* in b) 
medially. Fine hypointense septa are noted within the mass (arrowheads in a). (c) Sagittal contrast-enhanced fat-suppressed T1-
weighted MR image shows suppression of internal signal intensity (arrow) in the lesion, a finding compatible with fat content. No 
enhancement of the septa and no enhancing solid nodule are noted within the lesion, findings that help differentiate the lesion from 
a more aggressive liposarcoma.

Figure 4. Adenomatoid tumor of the epididy-
mis in a 32-year-old man with a right scrotal 
mass. (a) Sagittal T2-weighted MR image shows 
a hypointense mass (arrow) in the tail of the 
epididymis. (b) Coronal T1-weighted MR image 
shows the mass (arrow) as isointense to the testis. 
(c) Sagittal contrast-enhanced T1-weighted MR 
image shows enhancement of the mass (arrow).

ance of fibrous pseudotumor is widely variable 
depending on the fibrous and cellular components 
and may be associated with acoustic shadowing 
when calcifications are present in the mass (6). 
It is important that fibrous pseudotumor of the 

nodules arising in the tunica vaginalis in 76% of 
cases; in the remaining cases, nodules occur in the 
epididymis, spermatic cord, and tunica albuginea. 
These nodules can become mobile, resulting in 
scrotoliths or scrotal pearls. (b) Diffuse fibrous 
pseudotumor or fibromatous periorchitis is a rare 
form that may partly or completely encase the tes-
tis. (c) Inflammatory fibrous pseudotumor most 
commonly involves the spermatic cord and rarely 
extends to the testis (15,19). The nodular type of 
fibrous pseudotumor may be treated with excision 
of the tunica vaginalis, whereas the diffuse form 
is treated with orchiectomy (15). The US appear-
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on T2-weighted images. A dark hemosiderin ring 
on T2-weighted images signifies chronicity. No 
enhancement is seen after contrast material ad-
ministration (Fig 6) (18). Acute hematomas may 
mimic testicular torsion owing to reduced blood 
flow to the testis because of extrinsic pressure on 
the vessels (23). Evacuation of an extratesticular 
hematoma may result in restoration of normal 
testicular blood flow. Extratesticular hematomas 
may be iatrogenic, occurring as a complication of 
orchiectomy or inguinal herniorrhaphy (24).

Tuberculous Epididymo-orchitis
Chronic epididymitis is most frequently noted in 
granulomatous conditions such as tuberculosis, 
brucellosis, syphilis, and fungal infections. Genito-
urinary tuberculosis is the most common manifes-
tation of extrapulmonary tuberculosis caused by 
Mycobacterium tuberculosis. The scrotal contents are 
usually involved by retrograde extension from the 
prostate and seminal vesicles, although hematog-
enous dissemination has also been suggested (25). 
Tuberculosis of the scrotum is rare and occurs in 
about 7% of patients with tuberculosis (26). The 
disease usually starts in the tail of the epididymis, 
either because of its rich blood supply or because 
it is the first portion involved by urinary reflux; the 
vas deferens may also be involved. The disease may 
propagate to the entire epididymis, finally involv-
ing the testis (27). Isolated involvement of the testis 
is rare (26). At US, the testis appears markedly 
heterogeneous, which is explained by a variety of 
pathologic components such as casea tion necrosis, 
fibrosis, and granulation. Lesions become more 
heterogeneous as calcifications and sinuses draining 
necrotic pus form. Sinus or fistulous tracts in tuber-
culosis occur as a result of a caseous abscess reach-
ing the skin; a chronic draining sinus tract should 
be considered of tuberculous origin unless proven 
otherwise (27). At US, several patterns of tuber-
culous epididymo-orchitis have been described: 

Figure  5.  Fibrous pseudotumor 
in a 30-year-old man. (a) Sagit-
tal T2-weighted MR image shows 
a well-circumscribed hypointense 
lesion in the right hemiscrotum 
(arrow) posterior to the right tes-
tis (*). (b, c) Axial early phase (b) 
and sagittal delayed phase (c) con-
trast-enhanced fat-suppressed T1-
weighted MR images show gradual 
and persistent enhancement of the 
lesion (arrow).

scrotum not be mistaken for malignancy, as treat-
ment of fibrous pseudotumor is most commonly 
local excision rather than orchiectomy.

MR imaging is useful for more definitive 
preoperative diagnosis and helps guide surgical 
management. At MR imaging, the tumor dem-
onstrates intermediate to low signal intensity on 
T1-weighted images and low signal intensity on 
T2-weighted images secondary to fibrous tis-
sue. The tumor demonstrates slow but persistent 
contrast enhancement, which can be variable but 
is characteristic of fibrous tissue (Fig 5) (2,22).

Extratesticular hematoma
Extratesticular hematomas within the tunica 
vaginalis and scrotal wall are most commonly seen 
after blunt trauma. As is true for hematomas in 
other locations, the US appearance of extratesticu-
lar hematoma varies with the age of the hema-
toma; acute hematomas are echogenic, whereas 
chronic hematomas become anechoic over time, 
may develop septa and lobulations, and may show 
fluid-fluid levels along with echoes indicative 
of clots (15,23). The MR imaging features also 
depend on the degeneration of the hematoma. He-
matomas are usually hyperintense on T1-weighted 
images because of intracellular and extracellular 
methemoglobin but show variable signal intensity 
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Figure 7.  Tuberculous epididymo-orchitis in a 27-year-old man with scrotal pain and swelling. (a) Coro-
nal fat-suppressed T2-weighted MR image through the scrotum shows a diffusely thickened epididymis 
and a heterogeneous right testis, which is displaced (white arrow); a hydrocele (*); and thickened over-
lying subcutaneous tissues and a discontinuous tunica vaginalis (black arrow). (b) Coronal contrast-en-
hanced T1-weighted MR image shows diffuse heterogeneous enhancement of the thickened epididymis 
and testis (arrow). Multiple tiny nonenhancing areas (arrowheads) within the epididymis and testis have 
high T2 signal intensity on a, findings consistent with microabscesses.

Figure 6. Chronic organized extratesticular hematoma in a 31-year-old man who presented with asymmetric hard left testicular 
swelling of 2 months’ duration. Tumor markers were normal. (a) Coronal T2-weighted MR image of the scrotum shows a well-
encapsulated T2-intermediate lesion (solid arrow) with a hypointense ring due to hemosiderin and a normal-appearing left testis 
(dashed arrow) that is compressed and displaced, findings which helped confirm the extratesticular location of the hematoma.  
(b, c) Coronal T1-weighted (b) and contrast-enhanced subtraction (c) MR images show that the lesion is hyperintense (arrow in b) 
with no contrast enhancement (* in c).

(a) a diffusely enlarged heterogeneous hypoechoic 
epididymis and/or testis, (b) a diffusely enlarged 
homogeneous hypoechoic epididymis and/or testis, 
(c) nodular enlargement and a heterogeneous hy-
poechoic epididymis and/or testis, and (d) multiple 
small hypoechoic nodules in the enlarged testis 
(26,27). At MR imaging, the tuberculous lesion 
shows low signal intensity on T2-weighted images, a 
finding attributed to chronic inflammation, fibrosis, 
and calcifications, because tuberculosis of the scro-
tum is usually diagnosed at a chronic stage. Signal 
intensity on T1-weighted images is variable, and 
areas of high signal intensity can be demonstrated. 
Contrast enhancement of the lesion is also variable, 

ranging from no enhancement to strong enhance-
ment (Fig 7) (25). The differential diagnosis 
includes bacterial epididymo-orchitis and tumor. A 
clinical history of tuberculosis, presence of lymph-
adenopathy, absence of tumor markers, increased 
temperature of the scrotum, and response failure 
to conventional antibiotic therapy are suggestive of 
tuberculous epididymo-orchitis. Antituberculosis 
chemotherapy is the initial treatment of tuberculo-
sis, but in certain cases, it is difficult to differentiate 
a tuberculous lesion from tumorlike conditions, 
especially when the lesion does not respond to 
antituberculous treatment. In those cases, surgical 
exploration is required (15).
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Figure 8. Polyorchidism in a 21-year-old man. (a, b) Longitudinal gray-scale (a) and transverse color Doppler (b) US images of the 
scrotum show a well-defined rounded mass (arrow) superior and lateral to the right testis (RT; *). The mass is similar in echogenicity 
to the testis and shows internal vascularity. LT = left testis. (c) Sagittal T2-weighted MR image shows a supernumerary testis (arrow) 
as a well-defined mass superior and similar in signal intensity to the right testis (*).

Polyorchidism
Polyorchidism is defined as the presence of more 
than two testes, a rare developmental anomaly 
that occurs as a result of longitudinal or transverse 
division of the genital ridge by the development 
of peritoneal bands (28). Triorchidism is the most 
common type. Bilateral supernumerary testes 
have also been reported. In approximately 75% of 
cases, the supernumerary testes are intrascrotal and 
superior or inferior to the ipsilateral testes; 20% are 
inguinal, and the remaining 5% are retroperitoneal 
(6). Approximately 4% of cases of polyorchidism 
occur in association with cryptorchidism, and 15% 
are associated with testicular torsion owing to mo-
bility (28). Most cases of polyorchidism are discov-
ered in young males (mean age, 15–20 years) (28). 
Polyorchidism is usually incidental and manifests as 
a painless mass. On the basis of anatomy and func-
tion, polyorchidism is classified into two types:  
(a) reproductively functional, where the supernu-
merary testis is drained by a vas deferens; and  
(b) reproductively nonfunctional, with an un-
drained supernumerary testis (29). Malignant 
transformation within the supernumerary testis may 
occur regardless of its location. The most common 
neoplasms are germ cell tumors, such as embryonal 
carcinoma and seminoma (28). Spermatogenesis is 
normal in about 50% of cases; however, reduced or 
abnormal spermatogenesis has also been reported 
(28). At US, the echo and flow patterns of the 
supernumerary testis are identical to those of the 
normal testis. In cases that are equivocal at US, MR 
imaging is extremely useful for definitive diagno-
sis. MR imaging reveals a round or oval mass with 
homogeneous intermediate signal intensity on T1-
weighted images and high signal intensity on T2-
weighted images, findings that are typical for normal 
testicular tissue (Fig 8). Contrast enhancement is 
also similar to that of normal testes (2,28). Man-

agement of polyorchidism is controversial, as there 
are no clear guidelines; most cases are managed 
conservatively if the clinical and imaging findings 
demonstrate no complications. However, in cases 
of cryptorchidism, torsion, or malignancy, surgical 
removal is suggested (2,28,30). MR imaging plays a 
confirmatory role and may provide additional infor-
mation in conditions that may complicate polyorchi-
dism, such as cryptorchidism or neoplasms (28).

Sclerosing Lipogranuloma
Sclerosing lipogranuloma is a benign condition 
of unclear pathogenesis, but it is known to be 
an inflammatory response to endogenous fatty 
degeneration occurring in the subcutaneous tis-
sues of the scrotum and dorsal aspect of the penis. 
It was first described by Smetana and Bernhardt 
in 1950 (31,32). A majority of cases are second-
ary to injection of foreign bodies such as liquid 
paraffin, mineral oil, or silicone, but in a subset of 
cases there is no foreign body injection (10,32,33). 
There are two types of sclerosing lipogranuloma: 
(a) primary, caused by the breakdown of endoge-
nous lipids; and (b) secondary, caused by injection 
of an exogenous foreign body (32). The condition 
usually manifests as a symmetrical Y-shaped hard 
granuloma involving the scrotum or penoscrotal 
junction (69% of cases) (34). In 24% of cases, the 
findings are asymmetric (35). Definitive diagnosis 
is made at histologic analysis. The cut surface of 
the rubbery mass is a solid whitish-yellow color. 
Microscopically, vacuoles of variable sizes corre-
spond to the exogenous substance surrounded by 
sclerotic or collagenous stroma (10,32). Because 
it is a granulomatous lesion, it contains epitheli-
oid cells, multinucleated giant cells, fibroblasts, 
lymphocytes, eosinophils, and macrophages 
(31). At T1- and T2-weighted MR imaging, it 
demonstrates heterogeneous signal intensity and 
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Figure 9.  Sclerosing lipogranuloma in a 40-year-old man after silicone injection into the pe-
noscrotal region for penile enhancement. (a, b) Sagittal T1-weighted (a) and fat-suppressed 
T1-weighted (b) MR images show an ill-defined masslike lesion with heterogeneous signal in-
tensity in the left hemiscrotum, with focal areas of signal dropout (arrow in b) suggestive of fat 
content (lipid vacuole). (c) Axial gadolinium-enhanced fat-suppressed T1-weighted MR image 
shows focal areas of heterogeneous contrast enhancement (arrow) in the lesion.

differentiated, dedifferentiated, myxoid, round cell, 
and pleomorphic. Well-differentiated liposarcomas 
are further subdivided into adipocytic (lipoma)–like 
and sclerosing types (39). Most liposarcomas of 
the spermatic cord are well-differentiated low-
grade malignancies with no or minimal tendency 
to metastasize, but they can be locally invasive (40). 
Liposarcomas are immunoreactive for MDM2 and 
CDK4 markers, which helps to differentiate these 
tumors from lipomas. However, the most specific 
marker is S-100 protein, which is positive in 90% of 
cases (36). At US, liposarcomas are predominantly 
hyperechoic owing to their predominate fat com-
position but have variable echogenicity because of 
variable amounts of internal soft-tissue septa and 
calcifications (2). At MR imaging, macroscopic fat 
can be identified as regions of increased T1 and 
T2 signal intensity, with signal loss on fat-sup-
pressed images. In addition, chemical shift artifact 
can be seen at the junction of soft-tissue and fat 
components within the tumor. The tumor shows 
heterogeneous contrast enhancement (Fig 10) (22). 

heterogeneous contrast enhancement. It can be 
mildly hyperintense on T1-weighted images and 
hypointense on T2-weighted images owing to 
fibrous tissue. Small areas of T2 hyperintensity 
without enhancement in the lesion suggest cystic 
or necrotic changes (Fig 9) (32). Tuberculosis 
and fungal infections should be considered in the 
differential diagnosis for sclerosing lipogranuloma. 
Necrotic material may be seen in these condi-
tions; multinucleated giant cells with fat vacuoles 
are diagnostic for sclerosing lipogranuloma (31). 
Steroid therapy has been recommended as a first-
line treatment, but biopsy and surgical excision are 
frequently preferred in the treatment of sclerosing 
lipogranuloma (34).

Spermatic Cord/Paratesticular 
Liposarcoma
Liposarcomas are a group of malignant tumors of 
adipose tissue that arise from mesenchymal cells. 
Liposarcomas are located in the extremities or the 
retroperitoneum in 70% of cases. Paratesticular 
liposarcomas are rare, accounting for 7%–10% 
of all intrascrotal tumors (36,37). In adults, more 
than 75% of these lesions occur in the spermatic 
cord (37). Liposarcoma usually manifests as a 
nontender slow-growing mass in the scrotum or 
inguinal region. The mean age at presentation is 
56 years, although a range of 16–90 years has been 
reported (6,38). Spermatic cord liposarcomas often 
can be mistaken for uncomplicated or incarcer-
ated inguinal hernias, hydroceles, spermatoceles, 
hematoceles, or benign or malignant tumors of the 
testis and epididymis (eg, lipoma, leiomyoma, and 
rhabdomyosarcoma). The World Health Organiza-
tion (WHO) classifies soft-tissue sarcomas into five 
categories, with increasing malignancy grades: well 
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Figure 10. Scrotal liposarcoma in a 60-year-old man. (a, b) Coronal T2-weighted (a) and fat-suppressed T1-weighted (b) MR 
images show a poorly circumscribed mass with internal fat content (arrow in b) and hypointense septa (arrows in a) in the left he-
miscrotum encasing the left testis (*). (c) Coronal contrast-enhanced fat-suppressed T1-weighted MR image shows enhancement of 
the internal septa (arrows).

Liposarcoma is the most radiosensitive sarcoma. 
For intermediate- or high-grade tumors, treatment 
includes radical orchiectomy and adjuvant radiation 
with or without chemotherapy. In 40% of cases, 
positive lymph nodes can be identified (10).

Rhabdomyosarcoma
Rhabdomyosarcomas are rare tumors that oc-
cur mainly in the first 2 decades of life, with the 
median age at diagnosis being 7 years of age. 
Seven percent of rhabdomyosarcomas involve 
the paratesticular tissues (41). Histogenesis is 
related to the embryonic development of the 
spermatic cord, epididymis, testis, and connec-
tive tissue coverings (42). Pleomorphic, alveolar, 
and embryonal are the three histologic subtypes 
of rhabdomyosarcomas; the embryonal subtype is 

the most common, and the alveolar subtype has 
the worst prognosis (10,36). Rhabdomyosarco-
mas manifest as firm masses that may envelope or 
invade the epididymis and testis (Fig 11) (6). The 
US and MR imaging findings are nonspecific. 
Rhabdomyosarcomas have variable echogenicity, 
and color Doppler US shows increased vascular-
ity and a low resistive index (43). A hydrocele 
may also be present (15).

Testicular nonmalignant  
Pathologic Conditions

Testicular Ectasia of the Rete Testis
Dilated rete testis, or tubular ectasia of the rete 
testis, is a benign condition of the testis resulting 
from partial or complete occlusion of the efferent 

Figure 11. Rhabdomyosarcoma in a 
19-year-old man with left-sided scro-
tal swelling. Transverse gray-scale (a) 
and color Doppler (b) US images of the 
scrotum demonstrate a large heteroge-
neous left paratesticular mass (arrow) 
extending to the left testis (*), which 
shows internal vascularity. The left testis 
is otherwise unremarkable. The biopsy re-
sults were consistent with a diagnosis of 
rhabdomyosarcoma.
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Figure 12. Tubular ectasia of the rete testis in a 36-year-old man. (a) Axial T2-weighted MR image 
through the scrotum shows hyperintense cystic tubular structures in the region of the left mediastinum 
testis (arrow). (b) Coronal contrast-enhanced T1-weighted MR image reveals no enhancement (arrow).

ductules (44). It is often bilateral and associated 
with ipsilateral spermatoceles or epididymal 
cysts (21). It is more common in men older than 
50 years and is recognized by its typical location 
in or around the mediastinum testis (18,44,45). 
At US, it appears as multiple cystic or tubular 
anechoic structures located in or adjacent to the 
mediastinum testis. The lack of mass effect or 
internal flow and the degree of complexity are 
helpful to distinguish tubular ectasia of the rete 
testis from an intratesticular varicocele or cystic 
neoplasms such as cystadenoma (18,44). At T2-
weighted MR imaging, cystic dilatation of the 
rete testis appears hyperintense and shows no 
contrast enhancement (Fig 12) (18).

Testicular Abscess
Testicular abscesses are usually a result of inad-
equately treated bacterial epididymo-orchitis, 
occasionally after trauma, infarction, or mumps. 
They are less commonly caused by tubercu-
losis (5,46). Testicular abscesses are seen at 

US as focal intratesticular hypoechoic lesions 
with peripheral but no internal vascular flow, 
ill-defined shaggy walls, and low-level internal 
echoes caused by debris (47). The surrounding 
testicular parenchyma may be hypervascular 
(2). At MR imaging, the abscess manifests as a 
T2-hyperintense fluid collection with variable 
T1 signal intensity and peripheral enhancement 
and testicular parenchymal enhancement. The 
lesion also demonstrates signal hyperintensity 
on diffusion-weighted images, with correspond-
ing low signal intensity on ADC maps, findings 
indicative of restrictive diffusion (Fig 13) (5). 
Sometimes it is difficult to differentiate testicu-
lar torsion and hematoma from abscess because 
all three entities will show absent or decreased 
blood flow; in cases of torsion, there will be 
no hypervascularity of the epididymis, which 
is typically present with infection. In cases of 
hematoma, there typically is antecedent trauma, 
and follow-up MR imaging will demonstrate 
degrading blood products (5,46).

Figure  13.  Testicular abscess in 
a 60-year-old man who presented 
with fever and scrotal swelling.  
(a) Sagittal T2-weighted MR im-
age demonstrates areas of hyperin-
tensity (arrows) and a hypointense 
rim (arrowhead) involving the left 
testis. (b) Corresponding axial 
contrast-enhanced T1-weighted 
MR image through the scrotum 
shows no internal enhancement 
(*) but shows enhancing septa 
(black arrow) and enhancement 
of the surrounding parenchyma 
(white arrows).
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Testicular Trauma
Blunt scrotal trauma may cause contusion, 
hematoma, fracture, or rupture. Depending on 
the age of the hematoma, the US appearance 
can be variable, as acute testicular hematomas 
are hyperechoic and simulate a focal mass. After 
1–2 weeks, hematomas undergo liquefaction 
and may appear cystic (18). At MR imaging, 
in the subacute stage, both intracellular methe-
moglobin and extracellular methemoglobin are 
hyperintense on T1-weighted images but show 
variable signal intensity on T2-weighted images. 
Low signal intensity is seen on T2-weighted 
images in chronic hematoma, secondary to 
hemosiderin deposition within the macro-
phages. No contrast enhancement is seen (18). 
Serial follow-up imaging of traumatic testicu-
lar lesions should be performed because up to 
15% of tumors can be detected after episodes 
of trauma. Traumatic lesions tend to resolve, 
whereas tumors continue to grow (47).

US has high sensitivity for depicting testicular 
injuries as a focal area of altered testicular echo-
genicity that corresponds to contusion, infarc-
tion, hematoma formation, discrete fracture, and 
irregularity of the tunica albuginea (23,48,49). 
At MR imaging, the normal testis has homo-
geneous intermediate T1 signal intensity and 
high T2 signal intensity and is surrounded by a 
fibrous layer of tunica albuginea, which has low 
T1 and T2 signal intensity. In the context of a 
hematoma, areas of heterogeneous low T2 signal 
intensity raise the possibility of testicular injury, 
and interruption of the low-signal-intensity line 
representing the tunica albuginea is the key find-
ing of testicular rupture; therefore, it is impor-
tant to evaluate the tunica albuginea in all three 
imaging planes (Figs 14, 15) (48).

Segmental Testicular Infarction from 
Testicular Torsion
Segmental testicular infarction is an uncom-
mon condition affecting part of a testis and is 
often diagnosed after partial or total orchiectomy 
(50). Global testicular infarction is a feature of 
spermatic cord torsion affecting adolescent boys 
12–18 years of age (48,51). Testicular torsion is 
considered a true surgical emergency because the 
severity of ischemia and the viability of the testis 
are directly related to the duration and degree of 
torsion. The degree of torsion ranges from 180° 
to 720°. Venous obstruction occurs first, followed 
by arterial obstruction, which ultimately leads 
to testicular ischemia. Torsion of at least 540° is re-
quired for complete arterial occlusion (52,53). The 
salvage rate for the affected testis is nearly 100% 
if surgery is performed within 6 hours of the onset 
of torsion, it is 70% if surgery is performed within 
the first 6–12 hours, and it decreases to 20% if 
surgery is delayed more than 12 hours (54). Seg-
mental infarction due to torsion is usually caused 
by torsion and detorsion of the testis producing 
ischemia of the testis, mostly commonly in the 
superior aspect of the testis because of a signifi-
cant lack of collaterals in this region and second-
ary hyperemia of the lower pole (47,51). Imaging 
findings vary with the duration of torsion. In the 
acute phase, the testis may appear normal, but as 
ischemia progresses, the testis becomes heteroge-
neous, enlarged, and hyperemic. Further ischemia 
causes hypoechogenicity, a finding indicative of 
nonviability. Testicular hypoechogenicity and 
enlargement increase in the first 5 days and then 
decrease over the next 4–5 days (48,54). Testicular 
torsion can be treated by detorsion and orchiopexy 
if intraoperative Doppler US shows restoration of 
blood flow after detorsion. However, if the testis is 

Figure 14. Testicular trauma with an 
intact tunica albuginea in a 34-year-old 
man. (a) Coronal T2-weighted MR image 
of the scrotum shows abnormal areas of 
low signal intensity involving the left testis 
(arrowhead), with integrity of the low-
signal-intensity line that represents the tu-
nica albuginea (arrows). (b) Correspond-
ing axial nonenhanced T1-weighted MR 
image shows areas of high signal intensity 
(arrow) due to hemorrhage.
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Figure 15.  Scrotal trauma with rupture of the tunica albuginea in a 34-year-old man. (a) Sagittal nonen-
hanced T1-weighted MR image shows a linear area of T1 signal hyperintensity at the junction of the middle 
and lower thirds of the left testis, suggestive of a fracture line, with a hematoma (white arrow). Black arrow =  
area of rupture of the tunica albuginea. (b) Sagittal contrast-enhanced T1-weighted MR image shows the 
area of the tunica albuginea rupture (black arrow) and enhancement of paratesticular tissue (white arrows).

irreversibly damaged, orchiectomy is preferred to 
prevent the development of antisperm antibodies. 
Segmental infarction at US is sometimes difficult 
to differentiate from testicular malignancy, but a 
complete absence of blood flow within the mass-
like area at color Doppler US should indicate 
infarction. MR imaging findings are supportive 
and confirmatory. A nonsalvageable testis develops 
segmental or complete hemorrhagic necrosis, with 
heterogeneous signal intensity on T2-weighted 
images and hyperintense signal on T1-weighted 
images. There is a lack of central contrast enhance-
ment, with enhancement at the periphery of the 
testis (Fig 16) (2,55).

Figure 16. Missed torsion and testicular infarction in a 35-year-old man who presented with acute right testicular pain. The patient 
had experienced similar pain a few months earlier for a short period of time, which was relieved without any medical intervention.  
(a) Coronal T2-weighted MR image demonstrates an area of heterogeneous signal intensity in the right testis (arrow). (b) Cor-
responding coronal contrast-enhanced T1-weighted MR image shows hyperintense signal (arrow) due to hemorrhage. (c) Coronal 
contrast-enhanced subtraction MR image shows no enhancement in the area (*). The peripheral rim of enhancement is due to vas-
cularity from capsular enhancement (arrows).

Segmental Testicular Infarction  
from Epididymo-orchitis
Segmental testicular infarction occurs in older 
patients with a median age of 40 years, which 
overlaps with the population that develops tes-
ticular tumors (51). Acute epididymo-orchitis 
is the most common cause of segmental infarc-
tion; other etiologic factors include sickle cell 
disease, polycythemia, hypersensitivity angiitis, 
testicular artery intimal fibromuscular dysplasia, 
and previous surgery (50). Segmental infarc-
tion is often indistinguishable from testicular 
malignancy. A complete absence of flow in a 
masslike area at color Doppler US is indicative 
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Figure 17.  Segmental testicular infarction after an episode of epididymo-orchitis in a 48-year-old man 
who presented with acute left testicular pain. (a) Axial T2-weighted MR image shows an area of hetero-
geneous low signal intensity in the left testis (arrow). (b) Axial nonenhanced T1-weighted MR image 
through the scrotum shows a corresponding area that is isointense to the testis (white arrow), with 
hyperintensity along the periphery owing to hemorrhage (black arrow). (c, d) Axial (c) and coronal (d) 
contrast-enhanced T1-weighted MR images show rim enhancement (arrow in c) in the region of the 
infarcted testis (*), with enhancement of the viable testis and epididymis (arrows in d).

of infarction in the appropriate clinical setting 
(51). Untreated epididymitis may progress to 
involve the testis, spermatic cord, and prostate 
and lead to segmental testicular infarction owing 
to the following mechanisms: (a) venous outflow 
obstruction due to edema of the epididymis, es-
pecially the globus major, compressing the testis; 
(b) irreversible lymphatic, venous, and arterial 
occlusion of the spermatic cord due to inflam-
mation (funiculitis); (c) endothelial damage and 
vascular thrombosis due to bacterial toxins; and 
(d) vascular compression at the external inguinal 
ring due to edema (50). Potential warning signs 
of ischemia include (a) acute worsening of pain 
despite initial clinical improvement, (b) nonre-
solving infection despite appropriate antibiotic 
therapy, (c) spermatic cord thickening and 
tenderness, (d) recurrent epididymo-orchitis, 
and (e) repeated febrile episodes despite suit-
able antibiotic therapy (56). At US, segmental 
infarction is observed as a solitary wedge-shaped 
or round area of heterogeneous or decreased 
echogenicity in either testis, with no particular 
anatomic predilection, associated with mark-

edly diminished or absent vascular flow at color 
Doppler US, with the apex pointing toward the 
testicular mediastinum (57). At T2-weighted 
MR imaging, segmental infarction demonstrates 
variable signal intensity; the area of infarction 
may be hyperintense or hypointense compared to 
the normal testis but has well-defined low-signal-
intensity borders. On T1-weighted images, the 
lesion is isointense, but sometimes high-signal-
intensity foci can be seen owing to hemorrhage. 
Segmental infarction has reduced or no contrast 
enhancement. A rim of subcapsular enhancement 
can be present because of preserved parenchyma 
supplied by the cremasteric artery (Fig 17). In 
chronic disease, retraction of the tunica albuginea 
can be present in the area of infarction owing to 
volume loss and fibrosis (2,47,51). Diagnosis of 
segmental infarction remains challenging, and 
in many cases definitive diagnosis is made after 
orchiectomy. Acute testicular pain, normal tumor 
and inflammatory markers, and reduced or no 
contrast enhancement at MR imaging should 
prompt the diagnosis of segmental infarction, and 
unnecessary orchiectomy can be avoided (58,59).
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Testicular Adrenal Rest Tumor
Testicular adrenal rests are benign intratesticular 
lesions derived from displaced cells of the pri-
mordial adrenal gland. They occur in 29% of pa-
tients with congenital adrenal hyperplasia (CAH), 
an autosomal recessive disease characterized by 
a deficiency of adrenal cortical enzymes such as 
21-hydroxylase (60). An increase in the adreno-
corticotropic hormone (ACTH) level causes hy-
perplasia of the adrenal remnant in the testis with 
CAH and results in development of intratesticu-
lar masses (61), which are typically located in the 
region of the mediastinum testis and are usually 
bilateral. The MR imaging features are nonspe-
cific; tumors can appear isointense to the normal 
testicular parenchyma on T1-weighted images 
and hyperintense on T2-weighted images, with 
diffuse contrast enhancement (Fig 18) (60,62). 
At US, adrenal rest tumors appear as hypoechoic 
intratesticular masses with or without a posterior 
acoustic shadow, depending on the degree of 
fibrosis. Recognizing an adrenal rest tumor as an 
intratesticular mass is important in patients with 

CAH because the appropriate treatment is glu-
cocorticoid therapy rather than surgery, and the 
tumor may shrink after glucocorticoid therapy, 
which supports the diagnosis (60). At histologic 
analysis, it is difficult to diagnose adrenal rest tu-
mors because they resemble Leydig cell tumors. 
Adrenal steroid metabolite measurement through 
testicular vein sampling provides the most con-
clusive information (60).

Testicular Malakoplakia
Testicular malakoplakia is a rare benign condi-
tion that occurs in immunocompromised patients 
with chronic infection, often Escherichia coli 
infection (63,64). Malakoplakia usually affects 
the urinary bladder, but the testes are affected 
in 12% of cases; the average age at occurrence 
is 50 years (64). Patients usually present with 
epididymo-orchitis or testicular enlargement with 
fibrous consistency and soft areas. The condi-
tion is characterized by von Hansemann cells 
and intracytoplasmic inclusion bodies called 
Michaelis-Gutmann (MG) bodies, which are 

Figure 18. Adrenal rest tumor 
in a 50-year-old man with known 
congenital adrenal hyperplasia. 
(a,  b) Coronal T2-weighted (a) 
and sagittal T1-weighted (b) 
MR images show a mass (arrow) 
that is hypointense to the nor-
mal testis on the T2-weighted 
image and hyperintense on the 
T1-weighted image. (c) Axial fat-
suppressed T1-weighted MR im-
age shows a loss of high T1 sig-
nal intensity, a finding suggestive 
of internal fat content (arrow).  
(d) Coronal gadolinium-enhanced 
fat-suppressed T1-weighted MR 
image shows avid but heteroge-
neous enhancement of the lesion 
(arrow). Considering the internal 
fat content, an imaging diagnosis 
of intratesticular lipoma or tera-
toma was suggested. Postorchi-
ectomy histologic analysis dem-
onstrated a testicular adrenal rest 
tumor.
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Figure 19.  Malakoplakia in a 44-year-old man with a clinical suspicion for epididymo-orchitis. (a) Axial 
T2-weighted MR image shows an enlarged right testis (white arrow) with heterogeneous signal intensity. 
An area of T2-hyperintense content (black arrows) is noted inferior and lateral to the right testis and 
demonstrates communication with the right testis (arrowhead). These features suggest an intratesticular 
abscess with paratesticular extension. (b) Axial contrast-enhanced fat-suppressed T1-weighted MR image 
shows thick irregular rim enhancement of the testis (white arrow) and the paratesticular abscess (black 
arrow). Postorchiectomy histologic analysis revealed malakoplakia.

the pathognomonic findings for malakoplakia 
(63,65). Surgery is the only way to differentiate 
malakoplakia from malignant or other infectious 
processes (63). At imaging, there is unilateral 
testicular enlargement with a focal intratesticular 
mass with cystic cavities (Fig 19). Epididymal 
involvement occurs in some cases. Intratesticular 
abscesses and vascular thrombosis can occur, 
although intratesticular abscesses are commonly 
encountered in the setting of acute bacterial 
epididymitis (64,65). Diagnosis of malakoplakia 
can be challenging because the condition often 
masquerades as a neoplastic process owing to the 
masslike manifestation. The differential diagnosis 
includes xanthogranulomatous inflammation and 
Rosai-Dorfman disease, both of which lack MG 
bodies. Xanthogranulomatous inflammation has 
a giant cell component, whereas Rosai-Dorfman 
disease is characterized by S-100 positive histio-
cytes containing phagocytized mononuclear cells 
(emperipolesis). Orchitis, torsion, and infarction 
are other conditions that should be included in 
the differential diagnosis (64).

Malignant Testicular Tumors
Testicular cancer is one of the few malignancies 
that can be cured even after metastases have oc-
curred. MR imaging is usually recommended as a 
problem-solving modality to provide information 
regarding preoperative localization, characteriza-
tion, and the histologic nature of various benign 
intratesticular mass lesions, including the pres-
ence of fat, fluid, hemorrhage, fibrous tissue, 
and solid contrast-enhancing tissue, findings 
that help narrow the differential diagnosis and 
determine patient care. The 5-year survival rate 

according to local, regional, or distant metastatic 
disease is 99.2%, 96.0%, or 73.1%, respectively. 
The overall 5-year survival rate for all stages of 
testicular cancer is 96.6% (66). Testicular carci-
noma represents only 1%–1.5% of all malignan-
cies in men but is the most common neoplasm in 
the 15–34-year age group (3). Ninety-five percent 
of testicular tumors are germ cell tumors arising 
from the germinal epithelium of seminiferous 
tubules, and these tumors are almost evenly split 
between seminomas and nonseminomatous germ 
cell tumors (1). Fewer than 50% of malignant 
germ cell tumors have a single cell type, of which 
50% are seminoma. The remaining tumors have 
more than one cell type. Nonseminomatous germ 
cell tumors are histologically diverse neoplasms, 
including embryonal carcinoma, yolk sac tumor, 
teratoma, and choriocarcinoma; most are mixed 
germ cell tumors (MGCTs). Until 2016, the clas-
sification of testicular tumors was based on the 
morphology of the neoplasm. In 2016, the WHO 
published an updated classification of tumors of 
the urinary system and male genital organs ac-
cording to whether the tumors are derived from 
germ cell neoplasia in situ (GCNIS) or are unre-
lated to GCNIS (Table 2) (67). Seminoma is con-
sidered a GCNIS-derived tumor. Before the 2016 
WHO classification, spermatocytic seminoma was 
considered a subtype of seminoma; however, since 
it lacks association with GCNIS, it is now consid-
ered a separate entity unrelated to seminoma (67).

Seminoma
Seminoma is the most common subtype of testic-
ular cancer, accounting for 30%–50% of all germ 
cell tumors. Seminoma is usually diagnosed in 
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patients a decade later than nonseminomatous 
germ cell tumors, with a median age of 35–39 
years at diagnosis (68). Approximately 75% 
of patients present with disease limited to the 
testis, 20% have retroperitoneal adenopathy, and 
5% have extragonadal metastasis. Seminomas 
range in size from small well-defined nodules to 
large masses replacing the entire testis, mak-
ing it difficult to differentiate seminomas from 
other infiltrative masses of the testis, such as 
lymphoma and leukemia (47). Rarely they are 
multifocal. Bilateral tumors are rare, occurring 
in only 2% of cases, and are usually synchro-
nous (3). Seminoma is extremely radiosensitive, 
resulting in a 5-year survival rate of 95%. Pa-
tients with advanced-stage disease may require 
chemotherapy followed by radiation. Histologi-
cally, tumor cells are uniform, with an abundant 
clear cytoplasm arranged in nests outlined by 
fibrous bands associated with lymphocytic infil-
trate. At T2-weighted MR imaging, seminomas 
are often multinodular, with relatively homoge-
neous hypointense signal relative to the normal 
testis. At T1- or T2-weighted imaging, bandlike 
structures or fibrovascular septa may be seen 
as low-signal-intensity areas that enhance more 
than the remaining tumor after contrast agent 
administration. At diffusion-weighted imaging, 
seminomas are hyperintense with corresponding 
low values on the ADC map owing to high tu-
mor cellularity, densely packed neoplastic cells, 
and enlargement of nuclei resulting in reduced 
water molecule motility (restricted diffusion) 
(Fig 20) (69).

nonseminomatous germ Cell Tumors 

Embryonal Carcinoma.—Embryonal carcinoma 
is the second most common testicular tumor after 
seminoma. It is present in 87% of mixed germ 
cell tumors (MGCTs); the pure form of embryo-
nal cell carcinoma accounts for only 2%–3% of 
testicular tumors (3,70). It occurs in younger 
men (median age, 25-35 years) than does semi-
noma (70). Embryonal carcinoma is derived from 
primitive anaplastic cells, reflecting early embry-
onic cells. It is mainly a solid tumor, is usually 
smaller than a seminoma, and may contain foci of 
necrosis and hemorrhage. Embryonal carcinoma 
tends to be aggressive in behavior (3,70,71) and 
usually produces α-fetoprotein (AFP). At MR 
imaging, embryonal carcinoma is heterogeneous, 
with areas of necrosis and hemorrhage, and is 
poorly marginated because of invasion of the 
tunica albuginea; the borders of the tumor are 
less distinct because of infiltration and blending 
with adjacent parenchyma, which give the testis a 
lobulated appearance (Fig 21) (3,52).

Yolk Sac Tumor.—Yolk sac tumors, also known 
as endodermal sinus tumors, develop from 
totipotent germ cells. Yolk sac tumor is the most 
common childhood testicular tumor diagnosed 
before the age of 2 years (72). Yolk sac tumors in 
their pure form are rare in adults; 44% of cases of 
MGCTs in adults contain this cell type. Elevated 
AFP levels are present in 90% of patients with 
yolk sac tumors, as AFP is mainly produced by 
the embryonic yolk sac (73). The imaging find-
ings are nonspecific, and treatment is similar to 
that of other nonseminomatous germ cell tumors.

Choriocarcinoma.—Choriocarcinoma is a highly 
malignant form of testicular carcinoma manifest-
ing as tiny foci in 8% of MGCTs (3,52,70,74). 
The pure form occurs in less than 1% of patients, 
commonly in the 2nd or 3rd decade of life (3). 
Choriocarcinomas are composed of cytotropho-
blastic and syncytiotrophoblastic cells that pro-
duce human chorionic gonadotropins (52,75). 
Because of microvascular invasion, there is early 
widespread metastasis to the lungs, liver, gastro-
intestinal tract, and brain. Patients may present 
with symptoms referable to the metastases earlier 
than symptoms related to the testicular mass. The 
primary lesion and metastases are often heteroge-
neous and particularly necrotic and appear so on 
imaging studies.

Teratoma.—Teratomas contain elements of all 
three germ cell layers: endoderm, mesoderm, 
and ectoderm (75). Teratomas can occur in any 
age group; after yolk sac tumor, pure teratoma 
is the second most common testicular tumor in 
children. Because prepubertal-type teratomas are 
benign, testicular-sparing enucleation is recom-
mended instead of orchiectomy in prepubertal 
boys (76,77). In its pure form, teratoma is rare in 
adults and represents only 2%–3% of testicular 

Table 2: Updated 2016 WHO Classification of 
Testicular germ Cell Tumors

GCNIS-derived tumors:
 Seminoma
 Embryonal carcinoma
 Yolk sac tumor
 Choriocarcinoma
 Teratoma (postpubertal)
Non–GCNIS-derived tumors:
 Spermatocytic tumor
 Prepubertal-type yolk sac tumor
 Prepubertal-type teratoma

Source.—Reference 67.
Note.—GCNIS = germ cell neoplasia in situ.
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Figure 20. Seminoma in a 34-year-old man who presented with a hard scrotal mass. (a) Axial T2-
weighted MR image shows a hypointense, lobulated, multinodular well-defined lesion in the right testis 
with bandlike low-signal-intensity fibrovascular septa (white arrows) and central T2 hyperintensity due to 
necrosis (black arrow). (b) Sagittal contrast-enhanced T1-weighted MR image shows greater enhance-
ment of the septa (arrows) in comparison with the mass. (c) Axial diffusion-weighted MR image (b = 
800 sec/mm2) shows the mass with high signal intensity. (d) ADC map shows low signal intensity from 
restricted diffusion in the mass. Postorchiectomy histologic analysis revealed pure seminoma.

neoplasms; however, teratomatous components 
occur in approximately half of adult cases of 
mixed tumors (52). Teratomas in adults, regard-
less of age, should be considered malignant (52). 
These tumors are subdivided into mature, im-
mature, and those with malignant transformation 
(3,74). Although dermoids represent the most 
common teratomatous lesions in the ovary, they 
constitute a small minority of testicular terato-
mas. Irrespective of the histopathologic char-
acteristics, every element in an adult teratoma, 
whether mature or immature, can metastasize; 
therefore, nonteratomatous elements can be 
present in metastases (3). Teratomas are generally 
well-circumscribed complex cystic masses with 
variable signal intensity characteristics depending 
on the contents (serous, mucous, and keratinous 
fluids). The cystic portion can be complex at im-
aging. Cartilage, calcifications, fibrosis, and scar 
formation result in a heterogeneous appearance. 
The imaging features of mature and immature 
teratomas usually overlap, making them difficult 
to differentiate (2). Mature teratomas are pre-
dominantly cystic and are lined with epithelium 
with resulting dermal appendages; 93% contain 
sebaceous fat (Fig 22) (2). Immature teratomas 

are largely encapsulated, with rich solid areas 
composed of immature neuroectodermal compo-
nents (2,75). Fifty percent of cases have in-
creased levels of AFP. At MR imaging, malignant 
teratomas demonstrate heterogeneous contrast 
enhancement (Fig 23).

Mixed germ Cell Tumors
MGCTs are malignant tumors that contain 
more than one germ cell component or histo-
logic subtypes of all germ cell tumors; the most 
malignant governs the prognosis (3,70,75,78). 
The average patient age at presentation is 30 
years, and although any cell type combination 
is possible, embryonal carcinoma is the most 
common component and is often combined with 
one or more components (teratoma, seminoma, 
yolk sac tumor, and choriocarcinoma). MGCTs 
constitute 69% of all nonseminomatous germ 
cell tumors, even if the seminomatous compo-
nent predominates, and 32% of all testicular 
germ cell tumors (18). These tumors rarely 
occur in prepubertal patients. Tumor marker 
elevation is a reflection of the individual tumor 
components; AFP elevations occur in 60% of 
cases, and β-human chorionic gonadotropin 
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Figure 22. Mature teratoma in a 40-year-old man with a left testicular mass. (a) Coronal T2-weighted 
MR image through the scrotum shows a well-defined lesion in the left testis with a hyperintense outer 
rim (white arrow) and central hypointensity (black arrow). (b) Corresponding axial fat-suppressed T1-
weighted MR image reveals hypointensity of the outer rim (arrow) due to fat and internal hyperintensity 
(arrowhead) due to blood products, findings consistent with a fat-containing mature teratoma.

(β-HCG) levels are elevated in 55% of patients 
(79). Radiologic findings are variable depend-
ing on the proportions of each tumor type. The 
heterogeneous tumor appearance is caused by 
hemorrhage, necrosis, or a combination of the 
two. Calcifications are present in over 40% of 
cases (79). At MR imaging, MGCTs are het-

erogeneous in signal intensity, depending on 
the histologic component and the presence of 
hemorrhage (Fig 24).

Spermatocytic Tumor
According to the new WHO classification, 
spermatocytic tumor is considered unrelated 

Figure 21. Embryonal carcinoma in a 30-year-old 
man who presented with a painless right scrotal 
mass. (a) Coronal T2-weighted MR image shows a 
lobulated heterogeneous mass (arrows) with areas of 
low signal intensity that invades the tunica albuginea. 
(b) Corresponding axial nonenhanced T1-weighted 
MR image shows areas of high signal intensity due 
to hemorrhage (arrows). (c) Axial contrast-enhanced 
T1-weighted MR image shows heterogeneous en-
hancement of the mass (arrow).
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Figure 24. Malignant MGCT in a 32-year-old man with a right testicular mass. (a) Axial T2-weighted MR im-
age shows an ill-defined hypointense mass (arrow) in the right testis. (b) Axial contrast-enhanced T1-weighted 
MR image shows heterogeneous enhancement of the lesion (arrow). (c, d) Axial diffusion-weighted MR image 
(b = 800 sec/mm2) (c) and ADC map (d) show restricted diffusion in the mass (arrow). Postorchiectomy histo-
logic analysis revealed malignant MGCT.

Figure 23.  Malignant teratoma in a 35-year-old man with a painless left testicular mass. (a) Coronal fat-
suppressed T2–weighted MR image through the scrotum shows a heterogeneous cystic and solid lesion 
(white arrow) involving the left testis, with thickening of the spermatic cord (black arrow). (b) Coronal 
contrast-enhanced T1-weighted MR image shows heterogeneous enhancement of the lesion (arrow). 
Postorchiectomy histologic analysis revealed malignant teratoma.

to classic seminoma and is not associated with 
cryptorchidism (67,80). It more often occurs 
in older men than does classic seminoma, with 
a median age at diagnosis of 54 years (67). The 
tumor is usually larger than 5 cm at diagnosis 
and is unilateral in 90% of cases (81). At histo-
logic analysis, spermatocytic tumors are com-
posed of a mixture of small to large giant cells, 

which may be multinucleated. The tumor cells 
lack glycogenation, which is a feature of semi-
noma. The tumor shows positivity to SALL4, 
but C-Kit is positive in only 50% of cases; there 
is no reaction to OCT3/4 (67,82). At imaging, a 
spermatocytic tumor is well defined but hetero-
geneous and may contain cystic spaces with a 
gelatinous appearance (81).
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Figure  25.  Leydig cell tumor in a 35-year-old man who presented with gynecomastia and decreased libido. * = incidental 
fat-containing left inguinal hernia. (a) Coronal T2-weighted MR image shows a hypointense nodule (arrow) in the right testis.  
(b) Corresponding nonenhanced T1-weighted MR image shows the mass (arrow) as nearly isointense to the testicular parenchyma.  
(c) Coronal contrast-enhanced T1-weighted MR image shows marked enhancement of the mass (arrow). 

non–germ Cell Tumors

Sex Cord–Stromal Tumors
Sex cord–stromal tumors comprise about 5% of 
testicular tumors in adults but up to 30% of all 
testicular tumors in children. They arise from the 
cells forming sex cord and interstitial stroma. In 
a patient who presents with a testicular mass and 
findings of endocrinopathy, a sex cord–stromal 
tumor should be considered. These tumors in-
clude Leydig cell, Sertoli cell, and granulosa cell 
tumors (83,84).

Leydig Cell Tumor.—Leydig cell tumors are the 
most common sex cord–stromal tumors, compris-
ing 1%–3% of all testicular tumors (84). These 
tumors arise from the sex cord interstitium. Ley-
dig cell tumors occur in all age groups, but the 
peak incidences are at ages 5–10 years and 30–35 
years (3,84). Leydig cells are the principal source 
of testosterone and are under the stimulating influ-
ence of luteinizing hormone. They are also capable 
of estrogen production by way of the aromatase 
enzyme complex (84). Therefore, because of an-
drogen and estrogen secretion by the tumor, ap-
proximately 30% of patients present with signs of 
feminizing or virilizing syndrome, such as preco-
cious puberty, gynecomastia, and decreased libido.

At US, Leydig cell tumors are typically small 
hyperechoic or hypoechoic nodules. At MR imag-
ing, these tumors are isointense relative to the 
normal testis on T1-weighted images, are hypoin-
tense on T2-weighted images, and show marked 
contrast enhancement (Fig 25). These tumors 
can also demonstrate a T2-hyperintense capsule 
or high signal intensity in the center because 
of cystic change (73). Therefore, these tumors 

can be indistinguishable from germ cell tumors 
(85). Leydig cell tumors can be pure or can be 
mixed with other stromal cell tumors or germ cell 
tumors. They primarily are benign, but malignant 
varieties can occur. Recently, an association with 
Klinefelter syndrome has been demonstrated 
(86). Although they once were treated with radi-
cal orchiectomy, Leydig cell tumors have been 
treated more recently with enucleation (87).

Sertoli Cell Tumor.—Sertoli cell tumors are sex 
cord–stromal neoplasms and constitute less than 
1% of testicular tumors (2). Sertoli cell tumors 
typically occur in the first 4 decades of life. Most 
Sertoli cell tumors are benign, although in 10%–
15% of cases they are malignant and metastasize. 
Pathologically, it is difficult to distinguish benign 
from malignant types. There are four histologic 
types: large cell calcifying, sclerosing, sex cord 
with annular tubules, and not otherwise speci-
fied (52,88). Gynecomastia in association with a 
testicular tumor in the pediatric population is an 
important finding that develops owing to stimula-
tion of breast tissue from estrogen (distinct from 
lipomastia seen in overweight boys). Virilization 
is rarely associated with Sertoli cell tumor (84). 
Other signs of feminization or hyperestrogenism 
may be present. Large cell calcifying Sertoli cell 
tumors are mostly seen in prepubertal boys and 
have been associated with Peutz-Jeghers syn-
drome and Carney complex (3,84).Compared 
to other testicular tumors, which are usually 
single and unilateral, large cell calcified Sertoli 
cell tumors are multifocal and bilateral in 20% of 
cases (89). At US, the tumor appearance is vari-
able and can include a multicystic spoke-wheel 
appearance or increased echogenicity caused by 
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Figure 26. Sertoli cell tumor in a 19-year-old man with prior right orchiectomy for Sertoli cell tumor who presented with gyneco-
mastia and testicular pain. (a) Coronal T2-weighted MR image shows a hyperintense nodule (arrow) in the left testis. (b) Coronal 
nonenhanced T1-weighted MR image shows the nodule (arrow) as nearly isointense to the testicular parenchyma. (c) Coronal 
contrast-enhanced T1-weighted MR image shows marked contrast enhancement of the nodule (arrow).

the dense collagenous matrix (90). MR imaging 
of Sertoli cell tumor demonstrates homogeneous 
intermediate T1 signal intensity, high T2 signal in-
tensity, and homogeneous enhancement (Fig 26).

Granulosa Cell Tumor.—Granulosa cell tumors of 
the testes are rare sex cord–stromal tumors, com-
parable to granulosa cell tumors of the ovary but 
far less common (84). These tumors are divided 
into adult and juvenile types.

Juvenile granulosa cell tumors are benign 
and rare but are the most frequent congeni-
tal testicular neoplasms occurring in infants 
younger than 6 months. The adult type is the 
least common type of sex cord–stromal tumors, 
with a median patient age of 44 years. These 
tumors are considered benign tumors, but 
metastases have been reported. They are slow-
growing tumors, but distant metastasis can be 
seen years after the initial diagnosis (91). These 
tumors usually occur in white males and pres-
ent as a painless testicular mass. Gynecomastia 
is present in 25% of cases and is due to estro-
gen hypersecretion or chromosomal abnor-
malities (92). At US, the mass is well defined 
and hypoechoic, with few internal echoes and 
increased peripheral and low central vascularity. 
At MR imaging, the mass demonstrates hypoin-
tense signal on T2-weighted images, hypo- to 
isointense signal on T1-weighted images, and 
intense contrast enhancement (Fig 27).

Testicular Lymphoma
Testicular lymphoma is the most common 
testicular malignancy in men older than 60 

years, accounting for 50% of cases in this age 
group (47,52). Testicular lymphoma constitutes 
1%–9% of all testicular tumors, with most being 
diffuse large B-cell non-Hodgkin lymphomas 
(1,2). Secondary involvement of the testis in pa-
tients with established lymphoma is much more 
common than is primary testicular lymphoma 
(1,3). Testicular lymphoma is the most common 
bilateral neoplasm, with a 20% prevalence of 
the synchronous type; however, the metachro-
nous type is much more common, involving the 
contralateral testis months to years after orchi-
ectomy (93). Although the predisposing fac-
tors for development of lymphoma are unclear, 
immunocompromised patients are at risk for 
development of extranodal lymphoma, including 
in the testis, at a younger age (94). Lymphoma 
is often locally invasive, infiltrating the epididy-
mis, spermatic cord, and scrotal skin (93,95). 
Although the infiltrative pattern is the most com-
mon, testicular lymphoma can manifest as focal 
masses (2). The differential diagnosis includes 
epididymitis, sarcoidosis, and leukemia. Inflam-
matory processes such as epididymo-orchitis are 
tender at physical examination but improve after 
treatment with antibiotics, whereas lymphoma 
or other testicular tumors are painless and do 
not resolve after treatment but can demonstrate 
interval growth (94). Testicular sarcoid is more 
common in African-American males and does 
not respond to antibiotics. Testicular lymphoma 
can be an infiltrative process and can affect 
patients with a previous history of leukemia (93). 
At T1- and T2-weighted MR imaging, testicular 
lymphoma demonstrates low signal intensity 
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Figure 28. Lymphoma in a 68-year-old man with left-sided scrotal swelling. (a) Axial contrast-enhanced fat-
suppressed T1-weighted MR image shows a hypointense infiltrative lesion (arrows) in the left testis that en-
hances less than the normal testis. (b) Coronal contrast-enhanced fat-suppressed T1-weighted MR image of the 
abdomen shows an enlarged conglomerate of lymph nodes in the left retroperitoneum (arrow).

Figure 27.  Granulosa cell tumor in a 40-year-old man who presented with gynecomastia and a painless mass in the right testis.  
(a) Sagittal T2-weighted MR image shows a hypointense nodule (arrow) in the right testis. (b) Axial nonenhanced T2-weighted MR 
image shows the nodule (arrow) as isointense relative to the testicular parenchyma. (c) Axial contrast-enhanced T1-weighted MR 
image shows marked enhancement of the nodule (arrow).

with less contrast enhancement than the normal 
testis and also shows restricted diffusion (Fig 28).

Conclusion
Although US is the first-line imaging modality 
for investigation of scrotal lesions, MR imaging 
of the scrotum has proven to be an effective ad-
junct diagnostic tool in the characterization and 
localization of masses, especially when the US 
findings are inconclusive. The superior soft-tis-
sue contrast and multiplanar capabilities of MR 
imaging help in the depiction of intralesional 
architecture, such as cystic or solid areas, fat, 
blood, and fibrosis. It is important for radiolo-
gists and urologists to understand the features of 
benign and malignant conditions of the scrotum 
and the role of MR imaging in the presurgical 

workup of scrotal masses, which affects patient 
care and management.
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