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MR Imaging of the Penis and 
Scrotum1

Traditionally, due to its low cost, ready availability, and proved 
diagnostic accuracy, ultrasonography (US) has been the primary 
imaging modality for the evaluation of scrotal and, to a lesser ex-
tent, penile disease. However, US is limited by its relatively small 
useful field of view, operator dependence, and inability to provide 
much information on tissue characterization. Magnetic resonance 
(MR) imaging, with its excellent soft-tissue contrast and good spa-
tial resolution, is increasingly being used as both a problem-solving 
tool in patients who have already undergone US and as a primary 
modality for the evaluation of suspected disease. Specifically, MR 
imaging can aid in differentiating between benign and malignant 
lesions seen at US, help define the extent of inflammatory processes 
or traumatic injuries, and play a vital role in locoregional staging of 
tumors. Consequently, it is becoming more important for radiolo-
gists to be familiar with the wide range of penile and scrotal disease 
entities and their MR imaging appearances. The authors review the 
basic anatomy of the penis and scrotum as seen at MR imaging and 
provide a basic protocol for penile and scrotal imaging, with em-
phasis on the advantages of MR imaging. Pathologic processes are 
organized into traumatic (including penile fracture and contusion), 
infectious or inflammatory (including Fournier gangrene and scro-
tal abscess), and neoplastic (including both benign and malignant 
scrotal and penile tumors) processes.
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After completing this journal-based SA-CME 
activity, participants will be able to:

 ■ Identify the basic anatomy of the penis 
and scrotum at MR imaging.

 ■ Discuss clinical situations in which MR 
imaging may play a role in evaluating 
patients with known or suspected scrotal 
or penile disease.

 ■ Describe MR imaging features that can 
aid in differentiating benign from malig-
nant disease.

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

SA-CME LEARNING OBJECTIVES

Introduction
Traditionally, owing to its low cost, ready availability, and proved 
diagnostic accuracy, ultrasonography (US) has been the primary 
modality for imaging of the penis and scrotum (1,2). However, US 
is limited by its relatively small useful field of view (FOV), operator 
dependence, and inability to provide much information on tissue 
characterization. Consequently, as magnetic resonance (MR) imag-
ing has become more readily available and more widely accepted 
by urologists, it is increasingly being used as a problem-solving 
adjunct. The large FOV and multiplanar capability of MR imaging 
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Normal Anatomy

Penis
The penis consists of paired corpora cavernosa 
dorsally and a midline corpus spongiosum ven-
trally (Fig 1) (7). Proximally, the corpora caver-
nosa form crura that attach to the ischial tuber-
osities. The corpora cavernosa are composed of 
venous sinusoids whose purpose is to fill with 
blood during erection. The corpus spongiosum 
surrounds the penile urethra and forms the glans 
penis distally. At MR imaging, both the corpus 
spongiosum and the corpora cavernosa appear 
hyperintense on T2-weighted images and have 
intermediate signal intensity on T1-weighted 
images. The musculature of the urethra appears 
hypointense relative to the surrounding corpus 
spongiosum. Both the corpus spongiosum and 
the corpora cavernosa are enveloped by a strong 
fascial sheath known as the tunica albuginea. 
The tunica albuginea appears hypointense on 
both T1- and T2-weighted images. Following the 
intravenous administration of gadolinium-based 
contrast agents, both the corpus spongiosum and 
corpora cavernosa enhance. The cavernosal bod-
ies demonstrate gradual enhancement with a cen-
trifugal pattern, whereas the corpus spongiosum 
enhances early (8).

Scrotum
The scrotal sac is composed of multiple layers, 
including the skin, multiple muscle and fascial 
layers, and the tunica vaginalis (9,10). The tunica 
vaginalis is a two-layered serous membrane that 
derives from the processus vaginalis of the perito-
neum: The visceral layer envelops the testicles and 
epididymis, whereas the parietal layer forms the 
inner lining of the scrotal sac. Fluid collections, 
such as hydroceles, form in the potential space 
between the layers of the tunica vaginalis. At MR 
imaging, the scrotal sac is typically hypointense on 
both T1- and T2-weighted images (Fig 2).

The normal adult testis is a homogeneous oval 
structure that appears hyperintense on T2-weighted 
MR images (Fig 2) and hypo- to isointense on 
T1-weighted images. The testis is surrounded 
by the T1- and T2-hypointense tunica albuginea. 
Relative to the testis, the epididymis is isointense 
on T1-weighted images but hypointense on T2-
weighted images. Following the intravenous admin-
istration of gadolinium-based contrast agents, both 
the testicles and the epididymis enhance.

Imaging Technique
Appropriate patient positioning is essential 
for imaging of the penis and scrotum. Patients 
should be placed supine on the imaging table, 
with a towel placed between the upper thighs 

have long lent themselves to aiding in the pre-
operative localization of incompletely descended 
testes that are not palpable at physical examina-
tion (3). Moreover, US has proved inconclusive 
in up to 5% of cases of suspected scrotal disease 
(4), with MR imaging providing additional value 
in many of these instances. Some studies have 
even suggested that the performance of MR 
imaging following inconclusive US is cost effec-
tive (5). Specifically, MR imaging can help dif-
ferentiate between benign and malignant lesions 
seen at US. The larger FOV of MR imaging can 
also allow delineation of tumor extent in cases 
of large masses and better visualization of lo-
coregional metastatic disease. In addition, MR 
imaging has proved superior to physical exami-
nation in the staging of penile cancer (6). The 
ability of MR imaging to help characterize blood 
products of varying ages and depict the T1- and 
T2-hypointense tunica albuginea is a powerful 
advantage in cases of penile or scrotal trauma. 
Furthermore, defining the extent of inflamma-
tory or infectious diseases and potentially iden-
tifying unexpected sources of infection represent 
advantages of MR imaging over US in patients 
with suspected abscess or Fournier gangrene.

In this article, we describe the basic anatomy 
of the penis and scrotum as seen at MR imag-
ing; a basic protocol for penile and scrotal MR 
imaging; and the MR imaging appearances of 
benign and malignant processes of the penis 
and scrotum. We have organized the relevant 
pathologic processes into three general catego-
ries: (a) traumatic, including penile fracture 
and contusion; (b) infectious or inflammatory, 
including Fournier gangrene and scrotal ab-
scess; and (c) neoplastic, including both benign 
and malignant penile and scrotal tumors.

TEACHING POINTS
 ■ The tunica albuginea remains intact in penile contusion, and 

close attention to this structure is warranted to exclude frac-
ture.

 ■ When a scrotal hematoma or hematocele is present, the ra-
diologist should be vigilant in looking for associated penile or 
testicular injury.

 ■ With its excellent soft-tissue contrast, multiplanar capability, 
and relatively large FOV, MR imaging is a key tool in the local-
ization of undescended testicles.

 ■ The ability of MR imaging to help characterize soft tissue can 
help differentiate benign from malignant neoplasms or pre-
dict the presence of malignant disease.

 ■ MR imaging is useful for defining the extent of penile cancer 
and assessing for invasion of the corpora cavernosa and/or 
urethra. Close attention should be paid to inguinal and pelvic 
lymph nodes, given the important prognostic implications of 
nodal involvement.
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Figure 1. Normal penile anatomy. Sagittal (a) and coronal (b) T2-weighted MR images show the corpora 
cavernosa and corpus spongiosum with high signal intensity (black arrow) and the surrounding tunica albu-
ginea with low signal intensity (white arrow).

or infection. Some authors also advocate the 
addition of dual-echo (in- and opposed-phase) 
spoiled GRE T1-weighted imaging in the axial 
plane (11). The addition of this sequence may 
aid in identifying lesions that contain lipid, as 
well as provide improved characterization of 
blood products due to their T2* effects. In cases 
of a palpable abnormality or suspected mass, at 
least one fat-suppressed sequence should be in-
cluded to aid in identifying macroscopic fat. Use 
of a fat-suppressed FSE or STIR T2-weighted 
sequence can also aid in identifying fluid col-
lections or soft-tissue edema. In some cases (eg, 
for local staging of penile cancer), intravenous 
contrast material may not be necessary. For 
other indications, a 3D fat-suppressed spoiled 
GRE T1-weighted sequence is performed in the 
axial plane both before and after the intravenous 
administration of 0.1 mmol/kg of gadolinium-
based contrast material. For staging of cancer 
or delineation of the extent of an infectious 
process, the addition of coronal and/or sagittal 
postcontrast 3D spoiled GRE imaging should 
be considered. The addition of axial DW imag-
ing should also be considered in cases of sus-
pected infection or tumor. Although the role of 
DW imaging has not been fully evaluated in the 
literature, this technique has shown promise in 
identifying an undescended testis and diagnos-
ing suspected abscess. There is also growing 

to elevate the scrotum. The penis is dorsiflexed 
against the anterior abdominal wall and is taped 
in place to prevent motion. A multiple phased-
array surface coil is placed over the lower abdom-
inopelvic wall and scrotum.

The Table outlines a basic protocol for MR 
imaging of the penis and scrotum, includ-
ing additional imaging sequences that can be 
performed depending on clinical history. In 
general, we believe that protocols for imaging 
of the penis and/or scrotum should include a 
small (16-cm) FOV and thin-section (4-mm) 
non-fat-suppressed FSE T2-weighted sequences 
with relatively high resolution (matrix of 256 × 
192 or higher) performed in the axial, coronal, 
and sagittal planes. The addition of full-FOV 
T2-weighted imaging through the pelvis is valu-
able in cases of known or suspected malignancy 

Figure 2. Normal scrotal anatomy. Coronal T2-
weighted MR image shows homogeneously hyper-
intense testes (black arrow) beneath the more hy-
pointense epididymis (arrowhead). The scrotal sac 
(white arrow) is hypointense, a normal finding on 
both T1- and T2-weighted images.
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Protocol for Penile-Scrotal MR Imaging

Imaging Sequence and Planes
FOV  
(mm)

Section  
Thickness  

(mm)
Gap  

(mm)
Matrix  

Size Applications

Standard anatomic sequences
 Axial, sagittal, coronal localizer 400 10 5 128 × 256 Prescription of subsequent 

sequences
 Axial, coronal, sagittal T2W  

 FSE
160 4 0.5 256 × 192 Core sequences for anatomic 

overview, localizing masses, 
evaluating the integrity of the 
tunica albuginea, characterizing 
masses and fluid collections

 Axial T1W SE 340 5 1 256 × 192 Characterizing masses and fluid 
collections, evaluating the 
integrity of the tunica albu-
ginea, assessing for deep pelvic 
disease as well as pelvic and 
inguinal adenopathy

Additional sequences for trauma
 Axial T1W dual-echo spoiled  

 GRE (in phase and out of  
 phase)

340 4 1 256 × 192 Better characterizing blood 
products due to T2* effects

 Sagittal T2W fat-suppressed  
 FSE or STIR

160 4 0.5 256 × 192 Identifying fluid collections and 
edema

Additional sequences for  
inflammation

 Axial DW 340 8 2 128 × 128 Characterizing fluid collections 
as abscesses

 Axial T2W fat-suppressed  
 FSE or STIR

340 6 1 320 × 256 Identifying fluid collections and 
edema

 Axial postcontrast T1W 3D  
 fat-suppressed spoiled GRE 

340 3 0 320 × 256 Characterizing fluid collections, 
identifying sites of inflam-
mation, delineating extent of 
inflammation, assessing for 
active inflammation in Peyro-
nie disease

Additional sequences for tumor
 Axial T2W fat-suppressed  

 FSE or STIR
160 4 0.5 256 × 192 Evaluating for macroscopic fat 

content in masses, identifying 
cystic masses and associated 
inflammation

 Axial T1W dual-echo spoiled  
 GRE (in phase and out of  
 phase) 

340 4 1 256 × 192 Better characterizing blood 
products due to T2* effects, 
evaluating for intracellular fat 
in tumors

 Axial DW 340 8 2 128 × 128 Identifying tumor, assessing 
response to therapy

 Axial pre- and postcontrast  
 T1W fat-suppressed  
 3D spoiled GRE

340 3 0 320 × 256 Evaluating for enhancement of 
soft-tissue masses, assessing 
extent of tumor

 Sagittal postcontrast T1W 
 fat-suppressed 3D 
 spoiled GRE

260 3 0 256 × 192 Evaluating for enhancement of 
soft-tissue masses, assessing 
extent of tumor

Note.—DW = diffusion-weighted, FSE = fast spin-echo, GRE = gradient-echo, SE = spin-echo, STIR = short 
inversion time inversion-recovery, 3D = three-dimensional, T1W = T1-weighted, T2W = T2-weighted.
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Figure 3. Penile trauma. (a) Sagittal T2-weighted MR image in a 43-year-old man shows a 
focal region of low signal intensity in the left corpus cavernosum (black arrow) without dis-
ruption of the T1- and T2-hypointense tunica albuginea fibrous band (white arrow), findings 
that are consistent with penile contusion. (b) Sagittal T2-weighted MR image in a 17-year-
old boy demonstrates focal disruption of the hypointense tunica albuginea of the left corpus 
cavernosum (black arrow) associated with a large hematocele (white arrow).

evidence in the literature to support the use of 
DW imaging in oncologic applications to help 
identify tumor and assess response to therapy.

Some authors advocate the intracavernosal 
injection of prostaglandin E1 to allow imaging of 
the erect penis (12,13). However, there are several 
contraindications to prostaglandin E1, includ-
ing implants and conditions that predispose to 
priapism, such as sickle cell anemia. Although the 
associated risk of priapism is low (14), the use 
of prostaglandin E1 complicates workflow and 
requires more stringent patient screening. Conse-
quently, we do not routinely image the erect penis.

Most modern penile implants, and all of the 
inflatable type, can be safely imaged with MR 
imaging. Two prostheses—OmniPhase and Du-
raPhase (Dacomed, Minneapolis, Minn)—have 
demonstrated deflection forces (15,16) and 
should not be imaged.

The biologic effects of MR imaging on the 
testis and on spermatogenesis are not clearly un-
derstood or well evaluated in the literature. Some 
studies performed on mice suggest that exposure 
to a static 1.5-T magnetic field can result in a 
temporary reduction in testicular sperm (17). In 
addition, although the radiofrequency radiation 
used in MR imaging is nonionizing, it can result 
in energy deposition and tissue heating. Energy 
deposited in the patient is referred to as the spe-
cific absorption rate (SAR) and is measured in 
watts per kilogram. The SAR is dependent on type 
of pulse sequence and magnetic field strength. 

A study dealing specifically with scrotal heating 
as a function of SAR demonstrated that imag-
ing at relatively high SARs leads to increases in 
scrotal temperature of up to 3°C (18). However, 
it was noted that this temperature elevation did 
not reach the thresholds known to reduce sperm 
count in humans (18). It is important to recognize 
that the effects of MR imaging on the testis are 
not clear, and that there is potential for some del-
eterious effects. Consequently, as with other imag-
ing modalities, it is prudent to weigh the risks and 
benefits of the study when considering whether to 
perform MR imaging of the scrotum.

Trauma
Penile fracture is defined as a tear in the tunica 
albuginea with resultant rupture of the corpus 
cavernosum (10,19). Fracture can result from 
both blunt and penetrating trauma, although 
imaging of penetrating trauma to the penis is 
rare, since these injuries are usually associated 
with multiple other sites of trauma and are more 
frequently identified at surgical exploration (10). 
Most penile fractures occur as a result of power-
ful lateral motions of the erect penis, frequently 
during sexual intercourse (19). MR imaging 
demonstrates focal disruption of the T1- and 
T2-hypointense tunica albuginea, usually with 
an adjacent T2-hyperintense hematoma (Fig 3b) 
(10,20,21). MR imaging may prove superior to 
US in identifying the site and extent of tunica al-
buginea involvement. Importantly, penile fracture 
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Figure 4. Scrotal hematoma. (a) Coronal T2-weighted MR image in a 24-year-old man 
demonstrates a hematoma with a markedly hypointense hemosiderin rind in the left side 
of the scrotum (arrow). (b) Coronal T2-weighted MR image in a 22-year-old man shows a 
large, complex fluid collection with classic hypointense signal in the scrotum (arrow), a find-
ing that is consistent with blood products.

is associated with urethral injury in 10%–20% 
of patients, an injury that is clinically suspected 
based on the presence of blood at the urethral 
meatus (22). If urethral injury is suspected, 
retrograde urethrography may be warranted, 
although some studies suggest that preoperative 
urethrography is unlikely to affect management 
and is probably unnecessary (23). Clinically, 
patients present with excruciating pain, bruis-
ing, and rapid detumescence. To avoid long-term 
complications such as painful erection, urethral 
stricture, or erectile dysfunction, urgent surgery 
is advocated (24).

MR imaging can sometimes be useful in dif-
ferentiating penile fracture from the less serious 
penile contusion. At MR imaging, penile contu-
sion manifests as a focal area of hypointensity 
in the normally T2-bright corpus cavernosum 
(Fig 3a). The tunica albuginea remains intact 
in penile contusion, and close attention to this 
structure is warranted to exclude fracture. There 
is typically less edema in the superficial soft tis-
sues, and the presence of a large hematoma is 
unlikely. Differentiation between contusion and 
fracture is important, since fracture is treated 
surgically, whereas contusion is treated conser-
vatively with nonsteroidal analgesics and appli-
cation of ice packs (25).

Hematoceles occur when blood accumulates 
in the potential space between the visceral and 
parietal layers of the tunica vaginalis. Causes 
include both blunt and penetrating trauma, 
iatrogenic causes (typically related to surgery), 
and anticoagulation, as well as testicular fracture 
or potential testicular torsion. The imaging ap-

pearance of hematoceles at MR imaging varies 
depending on acuteness. In the early stages, 
one would expect hematoceles to be T2 hyper-
intense and, depending on the exact timing of 
imaging, T1 hyperintense (26). Over time, the 
blood products evolve and ultimately become 
T2 hypointense due to the presence of hemo-
siderin (Fig 4). If a dual-echo spoiled GRE 
T1-weighted sequence is included, one may see 
“blooming” that is more pronounced on the in-
phase image due to progressive dephasing with 
the longer echo time. When a scrotal hematoma 
or hematocele is present, the radiologist should 
be vigilant in looking for associated penile or 
testicular injury.

Occasionally, a scrotal or spermatic cord hema-
toma may manifest as a mass (11). In such cases, 
MR imaging can be invaluable in accurately char-
acterizing the mass based on the signal character-
istics of blood products and the lack of enhance-
ment following the intravenous administration of 
contrast material. Most scrotal hematomas resolve 
over time. Occasionally, surgical or percutaneous 
drainage may be warranted (27,28).

Testicular hematoma, fracture, and rupture 
typically occur in younger men and are often 
sports related (10). These injuries are typically 
suspected clinically based on patient history and 
results of physical examination. If imaging is nec-
essary for confirmation or characterization, US is 
the first-line modality due to its ready availability 
and accuracy (29). Small studies have suggested 
that MR imaging has excellent sensitivity and 
specificity for diagnosing testicular rupture (30). 
However, given the proved accuracy of US and 
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Figure 5. Undescended testis. Sagittal T2-
weighted MR image in a 44-year-old man dem-
onstrates an undescended testis in the left in-
guinal canal (arrow).

the added time required for MR imaging, the use 
of MR imaging in cases of suspected testicular 
trauma is not recommended. Fracture or rupture 
of the testicle manifests as disruption of the nor-
mally T1- and T2-hypointense tunica albuginea, 
typically with adjacent hematoma.

Anatomic Abnormalities
Cryptorchidism is the absence of one or both 
testes in the scrotal sac. In roughly 4% of patients 
with cryptorchidism, the undescended testis 
(not palpable at physical examination) is either 
atrophic, absent, or perhaps intra-abdominal in 
location (31). With its excellent soft-tissue con-
trast, multiplanar capability, and relatively large 
FOV, MR imaging is a key tool in the localiza-
tion of undescended testicles. The lack of ion-
izing radiation at MR imaging also represents a 
decided advantage over computed tomography 
(CT) in young patients. Accurate identification 
and localization is important for initiating ap-
propriate therapy to maintain endocrine function 
as well as screen or treat associated neoplasms. 
A recent large meta-analysis confirmed this util-
ity of MR imaging, which had a sensitivity of 
62% for localizing an incompletely descended 
testis and an even higher sensitivity for testicles 
located in the inguinoscrotal region, with a speci-
ficity of 1 (3). At MR imaging, the undescended 
testicle has signal characteristics similar to those 
of testicles in the scrotum (ie, hyperintense on 

T2-weighted images [Fig 5] and hypo- to isoin-
tense on T1-weighted images). The spermatic 
cord or gubernaculum testis can be followed to 
aid in localization. Recent studies suggest that 
DW imaging may also aid in localization, since 
the undescended testicle is frequently markedly 
hyperintense on DW images obtained with high b 
values (b = 800 sec/mm2) (32).

MR imaging can also play a role in the evalua-
tion of other congenital abnormalities of the uro-
genital system (eg, ambiguous genitalia). How-
ever, description of these anomalies is beyond the 
scope of this article.

Infection
Epididymitis and epididymo-orchitis are com-
mon causes of acute scrotal pain, typically as 
a result of retrograde infection from a lower 
urinary tract infection (33). Given its excellent 
diagnostic accuracy and ready availability, US 
remains the mainstay for imaging patients with 
suspected scrotal infection. However, MR imag-
ing may prove useful as an adjunct in patients 
with suspected complications. Inadequately 
treated infection can lead to epididymal or tes-
ticular abscess or even venous infarction. The 
infection can break through the tunica vaginalis 
and lead to pyocele formation. At MR imaging, 
epididymitis appears as an enlarged, edematous 
epididymis with associated brisk hyperenhance-
ment following contrast material administration. 
Inflammation in the adjacent soft tissues is typi-
cal, manifesting as wispy areas of increased T2 
signal on fat-suppressed images.

Although scrotal-epididymal abscesses are 
readily seen at US, MR imaging may prove use-
ful in defining the extent of infection or inflam-
mation, thereby aiding in planning potential 
surgical débridement or percutaneous drainage. 
Abscesses manifest as deep, centrally T2-hyper-
intense fluid collections with variable T1 signal 
and peripheral enhancement (Figs 6, 7). As with 
abscesses elsewhere in the body (eg, in the liver 
or brain) (34,35), the abscess cavity demon-
strates central hyperintensity on DW images 
with corresponding low signal on ADC maps, 
findings that are indicative of restricted diffu-
sion. In cases of known or suspected abscess, 
MR imaging can also add value in defining sinus 
tracts or fistulous tracts to the skin. The appear-
ance of fistulas elsewhere in the pelvis—specifi-
cally, perianal fistulas—has been well described 
in the literature (36). Fistulas associated with 
scrotal abscesses have a similar appearance, 
manifesting as hypointense linear structures on 
T1-weighted images with corresponding hyper-
intensity on fat-suppressed T2-weighted images 
(Fig 7) (36).
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Figure 6. Scrotal abscess in a 40-year-old man. Axial postcontrast T1-weighted MR image (a), DW image (b), and 
apparent diffusion coefficient (ADC) map (c) show a deep, peripherally enhancing fluid collection at the base of the 
scrotum with associated diffusion restriction (arrow).

Penile and scrotal abscesses may also be iat-
rogenic, related to penile prosthesis placement, 
missed torsion, infected tumor, or extension from 
an abdominopelvic or subcutaneous source. Ab-
scesses associated with these causes appear simi-
lar at imaging (Fig 8).

Fournier gangrene is a necrotizing perineal in-
fection involving both superficial and deep fascial 
planes. It is associated with numerous comorbidi-
ties, notably diabetes mellitus (10,37). The high 
associated mortality rate, reported to be as high 
as 50% (38), makes Fournier gangrene a urologic 
emergency requiring rapid diagnosis. Potential 
sources of infection are numerous and include 
urinary tract infections, epididymitis, pressure 
ulcers, and gastrointestinal causes such as inflam-
matory bowel disease or perirectal abscess (10). 
Given its short acquisition time and its ability to 
help identify sources of infection and delineate dis-
ease extent, CT is the imaging modality of choice 
for Fournier gangrene (37). CT is also readily 
available in most emergency department settings 
and has the added advantage of helping clearly 
identify soft-tissue gas. MR imaging, because of 
its long acquisition time and provision of only 
limited information in addition to that provided 
by CT, should not be the primary imaging modal-
ity in patients with suspected Fournier gangrene. 
Nevertheless, MR imaging may occasionally be 
performed in cases in which clinical findings are 

unclear or another diagnosis is suspected. The 
appearance of Fournier gangrene at MR imaging 
is similar to that at CT, with extensive perineal 
inflammation, fascial thickening, soft-tissue gas, 
and, in some cases, fluid collections or fistulas 
(Fig 9). Inflammation appears as reticulation of 
the perineal fat with wispy increased T2 signal on 
fat-suppressed images. Soft-tissue gas can be iden-
tified at MR imaging as regions of signal void. Air-
fluid levels may also be seen (Fig 9). The presence 
of gas results in susceptibility artifact due to local 
magnetic field heterogeneity, a finding that is more 
pronounced with GRE sequences and sequences 
involving longer echo times.

Inflammation
Peyronie disease is a chronic inflammatory con-
dition that has been postulated to be the result 
of chronic penile trauma, likely related to shear 
forces on the tunica albuginea (39). Clinically, 
Peyronie disease typically has two phases: (a) an  
acute phase characterized by pain; and (b) a 
chronic phase characterized by penile deformity, 
typically with less pain (13,40). Plaques from 
Peyronie disease are typically palpable. At MR 
imaging, plaques appear as focal areas of T1- 
and T2-hypointense thickening of the tunica 
albuginea (Fig 10) (13). MR imaging and US 
are similar in terms of their ability to help detect 
plaques (41); however, MR imaging likely adds 
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Figure 8. Infected penile implant in a 67-year-old man. Axial T2-weighted (a) and axial fat-saturated 
T-weighted (b) MR images show peri-implant edema and fluid (arrow).

Figure 7.  Penile-scrotal abscess with cutaneous fistula in a 21-year-old man. (a) Axial postcontrast T1-
weighted MR image shows extensive inflammation of the scrotum (white arrow) with a fistula to the skin 
surface (black arrow). (b) Axial postcontrast T1-weighted MR image shows a large, peripherally enhancing 
abscess at the base of the penis.

value by allowing more accurate assessment of 
plaque location and thickness, disease extent, 
and cavernosal diameter prior to surgery (13).

Some authors have also suggested that the en-
hancement of plaque following the intravenous 
administration of gadolinium-based agents can be 
used to identify patients with active inflammation 
(42). Although this hypothesis has not been fully 
evaluated in the literature, it suggests an intrigu-
ing possible advantage of MR imaging, since most 
surgeons prefer to postpone intervention until 
after the active inflammatory phase to minimize 
local recurrence (43).

Masses
MR imaging has numerous potential advantages 
over other imaging modalities—notably US—in 
the evaluation of suspected neoplastic processes of 

the penis and scrotum. First, the soft-tissue con-
trast of MR imaging provides excellent depiction 
of the penile and scrotal anatomy, allowing the 
radiologist to accurately assess the extent of tumor 
involvement. For instance, MR imaging has proved 
superior to physical examination in assessing the 
depth of cavernosal invasion in patients with penile 
cancer (6). Second, the ability of MR imaging to 
help characterize soft tissue can help differentiate 
benign from malignant neoplasms or predict the 
presence of malignant disease. In fact, some stud-
ies of the clinical utility of scrotal MR imaging 
suggest that the ability of this modality to help ac-
curately identify malignant and benign neoplasms, 
inflammatory processes, and traumatic or fibrotic 
processes may be its most important role, espe-
cially given the sometimes confusing US appear-
ance of the aforementioned benign entities (4).
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Figure 9.  Fournier gangrene in a 47-year-old man. (a) Coronal fat-saturated T2-weighted MR image demonstrates 
diffuse edema of the perineum and scrotum (black arrow), with pockets of air and an air-fluid level seen in the right 
side of the scrotum (white arrow). (b, c) Axial in-phase (b) and opposed-phase (c) T1-weighted MR images demon-
strate characteristic blooming (arrow) that is more pronounced in b due to progressive dephasing associated with 
the longer echo time used for in-phase imaging.

Scrotum
Lipomas are benign mesenchymal tumors that 
are predominantly composed of macroscopic fat. 
True lipomas are encapsulated fatty masses. At 
MR imaging, they appear homogeneously hyper-
intense on T1- and T2-weighted images and do 
not enhance following contrast material admin-
istration (11), with homogeneous loss of signal 
on fat-suppressed images (Fig 11). A few thin in-
ternal septa may be seen. The term spermatic cord 
lipoma refers to extrusions of extraperitoneal fat 
into the inguinal canal. Spermatic cord lipomas 
are not true tumors and are frequently confused 
with fat-containing inguinal hernias. MR imaging 
and CT can both help distinguish true parates-
ticular lipomas and spermatic cord lipomas from 
inguinal hernias (44).

Sarcomas account for the majority of primary 
malignant lesions of the scrotum, with liposarcoma 
being one of the more common subtypes (45). 
MR imaging can prove useful in distinguishing 

liposarcoma from lipoma (46). Liposarcoma, even 
when well differentiated, frequently demonstrates 
thickened septa or enhancing soft-tissue com-
ponents (Fig 12), some of which appear almost 
completely solid. Scrotal liposarcomas tend to be 
larger than scrotal lipomas and may demonstrate 
local invasion or evidence of metastatic disease as 
additional distinguishing characteristics.

A variety of lymphatic and vascular malfor-
mations may be seen in the scrotum. Lymphan-

Figure 10. Peyronie disease in 
a 29-year-old man. Sagittal fat-
saturated T2-weighted MR image 
demonstrates focal thickening 
and plaque of the tunica albu-
ginea along the dorsum of the 
penis (arrow).
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Figure 12. Liposarcoma of the spermatic cord in a 63-year-old man. (a) Axial postcontrast T1-weighted 
MR image demonstrates an enhancing scrotal mass (arrow), which was surgically confirmed to be a dedif-
ferentiated liposarcoma. (b) Coronal postcontrast fat-saturated T1-weighted MR image in a different patient 
demonstrates an irregular, enhancing soft-tissue mass with internal lipid in the left side of the scrotum (arrow), 
a finding that was also confirmed to be a scrotal liposarcoma.

gioma–lymphatic malformations consist of di-
lated lymphatic channels caused by occlusion of 
the normal drainage pathways, whether congeni-
tal or secondary to trauma, surgery, or infection. 
There is disagreement in the literature as to 
whether these masses represent true tumors that 
undergo endothelial hyperplasia or are simply 
malformations of lymphatic vascular pathways 
(47). At MR imaging, these masses appear as 
multiloculated cystic lesions, which can be quite 
large. They do not communicate with the peri-
toneal cavity and, like lymphatic malformations 
elsewhere in the body, demonstrate multiple 
thin septa with fluid-fluid levels (Fig 13). These 
masses appear predominantly T2 hyperintense 
and T1 hypointense due to their cystic nature. 
MR imaging can prove useful both in char-
acterizing the mass, which may potentially be 
mistaken for a complex hydrocele at US, and in 
defining the extent of involvement prior to any 
anticipated intervention.

Hemangiomas are benign vascular malfor-
mations composed of dilated vascular channels 
with abnormal growth of the endothelial cells. 
Although hemangiomas are relatively common, 
they rarely involve the scrotum (<1% of cases) 
(48). The majority of hemangiomas manifest dur-
ing childhood and, depending on the subtype, 
may enlarge as the child grows. If symptoms 
are present, surgery may be considered. In such 
cases, imaging is usually warranted to assess the 
full extent of involvement. At MR imaging, hem-
angiomas appear as lobulated soft-tissue masses 
that are hyperintense on T2-weighted images, 
hypointense on T1-weighted images, and typi-
cally demonstrate nodular areas of enhancement 
(Fig 14). Phleboliths (if present) appear as small, 
rounded areas of signal void. MR imaging can 
aid in the diagnosis and can show the extent of 
local involvement and help identify other vascular 
masses in patients with syndromes such as Klip-
pel-Trénaunay syndrome.

Figure 11. Lipoma of the sper-
matic cord in a 22-year-old man. 
Axial postcontrast fat-saturated T1-
weighted MR image demonstrates 
complete fat saturation of a scrotal 
mass (arrow), in contrast to the 
higher-signal-intensity testicles.
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Figure 14. Scrotal hemangioma in a 27-year-old man. Sagittal T2-weighted MR image (a) and axial post-
contrast T1-weighted MR image (b) demonstrate a lobulated, T2-hyperintense mass with nodular areas of 
enhancement (arrow).

Scrotal arteriovenous malformations are rare 
vascular malformations consisting of enlarged 
tangles of abnormal arteries and draining veins 
without an intervening capillary bed. There are 
a small number of case reports in the literature 
describing scrotal arteriovenous malforma-
tions, most of which were found during workup 
for a scrotal mass or in patients with infertility, 
although a few patients presented with active 
bleeding (49). At MR imaging, the mass appears 
as a tangle of abnormal vessels, frequently with 
flow voids seen on both T1- and T2-weighted 
images. There is no associated soft-tissue mass. 
The surrounding soft tissue may demonstrate 
T2 hyperintensity due to edema (Fig 15). Fol-
lowing contrast material administration, there 
will be robust enhancement of the vascular 
mass similar to that of other vessels. The drain-

ing veins are typically larger than the feeding 
arteries. MR angiographic techniques, including 
time-resolved imaging, can be useful for identi-
fying feeding arteries before surgery or angioem-
bolization is performed.

Varicoceles, defined as abnormally dilated veins 
of the pampiniform plexus, are the most common 
palpable mass in the scrotal sac, occurring in up to 
15% of all men. Most are left sided, and bilateral 
varicoceles are seen in approximately 15% of pa-
tients (50). Most varicoceles are idiopathic, related 
to incompetent valves. Rarely, especially if isolated 
on the right side, varicoceles can be secondary to 
obstruction of testicular veins by retroperitoneal 
masses. US is the imaging modality of choice in 
patients with suspected varicoceles. However, be-
cause of their prevalence, varicoceles are routinely 
encountered at scrotal MR imaging performed 

Figure 13. Lymphangioma in 
a 19-year-old man. Axial T2-
weighted MR image demon-
strates a cystic scrotal mass with 
multiple septa and fluid-fluid lev-
els (arrow).
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Figure 17.  Adenomatoid tumor of the epididymis in 
a 24-year-old man. Coronal T2-weighted MR image 
show a well-defined paratesticular mass (arrow) with 
homogeneous signal intensity lower than that of the 
normal testes.

Figure 16. Varicocele in a 44-year-old man. Sagittal 
T2-weighted MR image shows dilated paratesticular 
veins (white arrow) with extension into the testes 
(black arrow).

Figure 15. Scrotal arteriovenous malformation in a 
41-year-old man. Axial fat-saturated T2-weighted MR 
image shows a large tangle of dilated tubular vessels 
involving the scrotum (arrow). MR imaging is per-
formed prior to surgery or embolization to evaluate 
lesion extent.

for other indications. At MR imaging, varicoceles 
manifest as dilated paratesticular veins, typically 
with T2 hyperintensity and without associated flow 
voids (Fig 16).

Adenomatoid tumors are the second most 
common benign neoplasms of the scrotum af-
ter lipoma (11). The majority of adenomatoid 
tumors arise in the epididymis, although these 
tumors have also been reported elsewhere in the 
scrotum. The cause of these lesions is unclear, 
but pathologic analysis shows that they are com-
posed of irregular tubules lined with epithelial or 
endothelial cells. At MR imaging, these masses 
are typically well demarcated and hypointense 
relative to the testes on T2-weighted images (Fig 
17). The masses enhance, but usually less than 
the adjacent testicle. MR imaging can be useful 

in confirming a paratesticular location, and the 
presence of enhancement can help confirm that 
the mass is a solid, soft-tissue neoplasm prior to 
surgical resection.

Numerous other neoplastic processes may 
rarely involve the scrotum. For instance, plexi-
form neurofibromas are benign tumors derived 
from all elements of the peripheral nerves. In 
the scrotum, they can sometimes be associated 
with proliferation of the overlying subcutane-
ous soft tissues, resulting in an “elephantiasis” 
appearance. Plexiform neurofibromas are seen 
only in patients with neurofibromatosis type 1 
and appear at MR imaging as large, infiltrative 
masses that do not respect normal fascial spaces. 
The mass has a lobulated appearance with hy-
perintensity on T2-weighted images (Fig 18). 
On T1-weighted images, the mass is isointense 
relative to skeletal muscle and demonstrates 
enhancement following contrast material admin-
istration. There is no curative therapy, although 
resection is sometimes attempted for cosmetic 
or functional reasons. In such cases, MR imag-
ing can prove useful in defining the extent of 
disease and aid in surgical planning. There is 
also a small risk of malignant degeneration, 
which can be suggested at MR imaging by rapid 
enlargement, especially in the setting of pain.

Testicular neoplasms are well evaluated with 
US, although a full description of US evalua-
tion is beyond the scope of this article. However, 
these neoplasms are occasionally evaluated with 
MR imaging. Germ cell tumors are the most 
common testicular neoplasms, with seminomas 
being the most common subtype. At MR imag-
ing, germ cell tumors appear as T2-hypointense 
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Figure 19.  Testicular germ cell tumor in a 23-year-old man. Axial T2-weighted (a) and coronal post-
contrast T1-weighted (b) MR images demonstrate a large enhancing mass infiltrating the right testis 
(black arrow) and a necrotic tumor in the left testis (white arrow). Results of bilateral orchiectomy 
confirmed seminoma of both testes. Note the asymmetric enlargement of the right thigh (a) related 
to Klippel-Trénaunay-Weber syndrome. (Fig 19 courtesy of Andrés O’Brien, MD, Clínica Las Condes, 
Santiago, Chile.)

masses disturbing the normally T2-bright testicu-
lar parenchyma (Fig 19) and enhance following 
contrast material administration. A recent study 
suggests that dynamic contrast-enhanced MR 
imaging can be useful in distinguishing benign 
from malignant testicular neoplasms (51), with 
malignant neoplasms showing rapid and increased 
early enhancement with more rapid washout than 
the surrounding background. Although more 
work needs to be done in this area, accurate pre-
operative differentiation of benign from malignant 
neoplasms at MR imaging could have a profound 
impact on patient management, with malignant 
neoplasms leading to orchiectomy and benign le-
sions being either observed or enucleated.

Lymphoma is the most common secondary 
neoplasm involving the testes and the most com-

mon bilateral tumor. At MR imaging, lymphoma 
manifests as one or more T2-hypointense masses 
with enhancement following contrast material 
administration (Fig 20). At DW imaging, lym-
phoma appears hyperintense with corresponding 
decreased values on the ADC map, similar to its 
appearance elsewhere in the body (52).

Penis
Penile cancer primarily affects older men and is al-
most three times more common in uncircumcised 
males, making the presence of the foreskin the 
most important risk factor (51,52). Poor hygiene 
can increase the accumulation of smegma, also 
contributing to overall risk. Additional risk factors 
include phimosis, inflammatory conditions such 
as lichen sclerosus, and human papillomavirus 16 

Figure 18. Scrotal plexiform 
neurofibroma in a 35-year-old 
man with neurofibromatosis type 
1. Axial T2-weighted MR image 
shows a large plexiform neurofi-
broma (arrow) causing marked 
enlargement of the scrotum.



RG  •  Volume 35  Number 4  Parker et al  1047

Figure 21. Squamous cell carcinoma of the penis. (a) Sagittal T2-weighted MR image demonstrates a large, 
heterogeneously hypointense mass (arrow) involving the penile shaft, with invasion of the corpus caverno-
sum. (b) Axial postcontrast fat-saturated T1-weighted MR image in a different patient demonstrates a hetero-
geneously enhancing penile mass (arrow).

and 18 (51,52). The majority of penile cancers 
are squamous cell carcinomas, and most penile 
cancers arise in the glans or prepuce. Metastatic 
disease is usually to the local lymphatic system 
and, depending on tumor location, can affect both 
inguinal and pelvic chains. Lymph node involve-
ment is the most important prognostic indicator 
and is frequently bilateral (51). Patients without 
nodal disease and with clear surgical margins at 
penectomy have excellent 5-year survival rates. 
However, survival rates decrease with progressive 
nodal involvement, to the point that studies have 
shown a 5-year survival rate of zero for patients 
with pelvic nodal disease (51,53). It should be 
noted, however, that concomitant infection is not 
unusual in patients with penile cancer, and differ-
entiation between reactive lymphadenopathy and 

metastatic disease is not always possible on the 
basis of imaging findings alone, sometimes war-
ranting fine-needle aspiration or biopsy.

At MR imaging, penile cancer usually appears 
as an infiltrative mass that is hypointense on 
T1- and T2-weighted images, with enhancement 
following contrast material administration (Fig 
21). MR imaging is useful for defining the extent 
of penile cancer and assessing for invasion of the 
corpora cavernosa and/or urethra. Close atten-
tion should be paid to inguinal and pelvic lymph 
nodes, given the important prognostic implica-
tions of nodal involvement.

Urethral carcinomas can also occur in the pe-
nis, with most arising in the bulbous or membra-
nous portions of the urethra (21,53). Occasionally, 
tumors will arise in the fossa navicularis. Most 

Figure 20. Testicular lym-
phoma in a 30-year-old 
man. Coronal fat-saturated 
T2-weighted MR image 
shows a round, hypoin-
tense mass in the testis (ar-
row), a finding that proved 
to be large cell non-Hodg-
kin lymphoma.
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Figure 23. Epithelioid sarcoma. Sagittal T2-weighted (a) and axial postcontrast T1-weighted (b) MR 
images demonstrate a large, heterogeneously enhancing mass (arrow) engulfing the scrotum and penis.

Figure 22. Urethral squamous cell carcinoma in a 78-year-old man. Axial T2-weighted (a) and postcontrast T1-weighted (b) MR 
images and ADC map (c) demonstrate an enhancing mass (arrow) at the base of the penis in the expected location of the bulbo-
membranous junction of the urethra, with associated diffusion restriction.

urethral carcinomas in the penis are squamous cell 
carcinomas, although transitional cell carcinoma 
and adenocarcinoma can also occur. Underlying 
strictures and chronic infectious or inflammatory 
processes are thought to be predisposing factors.

Penile urethral cancers appear hypointense rela-
tive to the corpora on T2-weighted images (Fig 
22). There is typically contrast enhancement, and 
there may be diffusion restriction, with increased 
signal on DW images and corresponding low val-
ues on the ADC map (Fig 22c). These tumors can 
be differentiated from other penile tumors on the 
basis of their typical location in the bulbomembra-
nous portion of the urethra and their being cen-
tered in the corpus spongiosum and/or urethra.

Sarcomas can also rarely arise in the penis. 
Subtypes include epithelioid sarcoma, leiomyosar-

coma, rhabdomyosarcoma, and Kaposi sarcoma. 
Together, these tumors account for approximately 
5% of all penile malignancies (21,54). The imag-
ing appearance of sarcomas can vary. They are 
frequently large, locally invasive masses that tend 
to be isointense relative to skeletal muscle on T1-
weighted images and hyperintense on T2-weighted 
images, with enhancement following contrast ma-
terial administration (Fig 23).

Metastatic disease to the penis is rare. The 
most common primary tumors are those of the 
urogenital system, including prostate and bladder 
cancer (55,56). Like other penile tumors, metas-
tases typically appear hypointense relative to the 
corpora on T2-weighted images, with varying de-
grees of enhancement. Diffusion restriction may 
also be present (Fig 24).
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Figure 24. Metastasis to the penis from a primary transitional cell carcinoma of the bladder in a 65-year-
old man. Axial postcontrast T1-weighted MR image (a) and ADC map (b) demonstrate two enhancing 
masses at the base of the penis (arrow), with associated diffusion restriction.

Conclusion
US remains the primary modality for imaging of 
the penis and scrotum. However, US is limited in 
its ability to help characterize soft tissue, is user 
dependent, and sometimes has a limited useful 
FOV. MR imaging has emerged as the dominant 
problem-solving imaging modality in this set-
ting and is increasingly being used by urologists. 
Advantages of MR imaging include the ability 
to help characterize soft tissue, thereby aiding 
in the differentiation of benign from malignant 
tumors or pseudotumors. For instance, the abil-
ity of MR imaging to clearly depict fat can aid in 
the diagnosis of lipoma or liposarcoma. Suscep-
tibility artifacts related to gas or blood products 
can help identify infectious processes such as 
Fournier gangrene or hematomas. MR imag-
ing has superior soft-tissue contrast relative to 
US and can clearly demonstrate small anatomic 
structures, such as the tunica albuginea, thereby 
aiding in the evaluation of patients with trauma 
and suspected penile fracture as well as patients 
with inflammatory conditions such as Peyronie 
disease. MR imaging is frequently used to help 
stage penile and scrotal tumors. Advanced tech-
niques such as DW imaging are playing a more 
significant role and could potentially help charac-
terize abscesses, identify sites of malignancy, and 
localize undescended testicles, although further 
research is necessary to validate these techniques.
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