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Abstract: Background/Objectives: Penile fractures are a rare urological emergency, defined
as the traumatic rupture of the tunica albuginea. They are classically diagnosed on clinical
grounds, requiring urgent operative repair, most commonly by penile degloving. Magnetic
resonance imaging (MRI) has emerged as a promising tool in the management of penile
fractures. Often recommended in the setting of equivocal clinical diagnoses, MRI can
help diagnose, as well as localise, the site of injury. Furthermore, it also holds potential in
differentiating penile fractures from mimicking conditions, thereby possibly preventing
unnecessary surgical procedures. This study is aimed at evaluating the diagnostic accuracy
of MRI for penile fractures. Furthermore, it seeks to explore MRI’s effectiveness in guiding
the surgical approach through precise localisation of the injury site. Methods: The PubMed,
Embase, and Cochrane databases were searched from January 1995 to December 2022. The
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
were followed, and a total of 246 cases from 32 studies were identified. Results: Pooled
results for MRI use in penile fracture diagnosis resulted in a positive predictive value of
97.8%, a negative predictive value of 87.0%, a sensitivity of 98.6%, and a specificity of 80%.
MRI can accurately guide localised incisions, due to its ability to accurately identify the
exact site of injury, with no additional reported complications or conversions to degloving.
Considerable heterogeneity was observed within MRI parameters and protocols used in
the studies identified. Conclusions: This review suggests that MRI is an accurate imaging
modality for penile fractures and should be considered as a first-line investigation for
equivocal cases. Its application may refine clinical management by avoiding unnecessary
surgeries in cases mimicking penile fractures and improve pre-operative planning through
precise injury localisation. This study is limited by heterogeneity in MRI protocols and
the small sample sizes and retrospective nature of many included studies. The future
standardisation of MRI protocols could enhance its utility and reliability in the clinical
setting. Additionally, further research is needed to evaluate the long-term outcomes
following the repair of small fractures detected on MRI and following MRI-guided localised
incisions during surgical repair. Level of Evidence: 2.
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1. Introduction
Penile fractures are rare urological emergencies, defined as the traumatic rupture of the

tunica albuginea. During erections, the tunica albuginea thins from 2 mm to 0.25–0.5 mm,
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increasing its susceptibility to injury [1]. Consequently, penile fractures are typically sus-
tained in the setting of sexual activities including intercourse, masturbation, and intentional
penile manipulation. A classic history of a cracking or popping sound is followed by the
onset of pain, ecchymosis, swelling, and rapid detumescence. Examination commonly
reveals an ‘eggplant deformity’ and penile curvature, or a palpable tunica defect may
also be observed [2]. The management of penile fractures prioritises emergent surgical
repair to minimise risks of long-term complications including erectile dysfunction, plaques,
curvature, chronic pain, and infected haematomas [3]. However, clinical misdiagnosis rates
have been reported to be as high as 15% [4,5].

In cases where the diagnosis of penile fractures is equivocal, current guidelines suggest
the use of radiological investigations. In recent times, magnetic resonance imaging (MRI)
has increasingly been employed for the diagnosis of common penile pathologies due to
its superior soft tissue contrast, spatial resolution, large field of view, and multiplanar
capabilities [6,7]. Relatively higher costs of MRI compared to other imaging modalities and
poor availability in some institutions may limit its widespread use. The European Associa-
tion of Urology (EAU) guidelines regard MRI to be superior to ultrasonography (USS) for
penile fractures, although it does not prioritise its use over other imaging modalities [8].
Comparatively, the American Urological Association (AUA) and British Association of
Urological Surgeons (BAUS) guidelines suggest the use of ultrasound (USS) imaging as
an initial investigation. However, these guidelines lack clear directives on MRI’s specific
use cases or its clinical and surgical implications, and they do not address the variability
in MRI protocols [8–10]. The benefits of ultrasonography include its availability, low cost,
and favourable safety profile. While USS is accessible, cost-effective, and generally safe, its
efficacy may be compromised by decreased accuracy in detecting small tunica albuginea
tears obscured by thrombi, discomfort during image acquisition, and limited experience of
the radiographer [11–13].

Research on the application of MRI in the context of penile fractures is limited. A
greater understanding of MRI accuracy in penile fractures is important, as it may signifi-
cantly influence both diagnosis and management. MRI’s ability to exclude penile fracture
and accurately diagnose benign injuries, such as dorsal vein and dartos bleeding, can lead
to the safe conservative management of these penile injuries. Additionally, when surgical
intervention is required, MRI insights may be able to guide operative management and
inform the choice of surgical incisions [2,14]. The aim of this review is to consolidate current
evidence on the accuracy of MRI for penile fractures and establish a clearer understanding
of its potential applications in clinical practice.

2. Materials and Methods
2.1. Search Strategy

This systematic review was conducted with the intent to analyse the utility of MRI
in the diagnosis and management of penile fractures, with the possibility of a meta-
analysis if the data were sufficient. Due to the limited evidence scope, the focus was
primarily on conducting a comprehensive systematic review. Our literature search en-
compassed databases including PubMed, Embase, and the Cochrane Central Register of
Controlled Trials (CENTRAL), without restrictions on language. The time frame for the
publications was set from January 1995 to December 2022, with the search terms (“penis
fracture” OR “penile fracture”) AND (“magnetic resonance imaging” OR “MRI”). This
review adhered to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines.
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2.2. Study Selection

Titles and abstracts from the search results were initially screened by three indepen-
dent reviewers (H.W., S.A., and J. Saad) to select full-text articles for detailed examination.
Inclusion criteria required that the selected articles be written in English, detail the utilisa-
tion of MRI in the diagnostic work-up of penile fractures in a pre-operative setting, and
include surgical exploration and operative findings. Studies not meeting these criteria
were excluded. Eligible articles underwent full-text review, and where full texts were not
available, abstracts were considered if they provided sufficient data for analysis. A manual
search of references within selected articles and the related literature was also conducted
to identify additional studies. Disagreements regarding study inclusion were resolved
through consultation with a fourth reviewer (A.D.).

2.3. Data Extraction, Screening, and Appraisal

Data extraction was carried out by two reviewers (H.W. and S.A.) using a standardised
form to capture study characteristics and outcomes. Extracted data included MRI protocols
and sequences, characteristics of the injury (such as the location, size, and presence of
concomitant urethral injury), and details of the surgical intervention (incision used, con-
firmation or exclusion of diagnosis, and injury description). The heterogeneity observed
in reported MRI parameters and protocols was critically assessed and synthesised by a
radiologist among the authors (J. Spencer).

A quality assessment of the included studies was conducted using the Newcastle–Ottawa
Scale (NOS) for non-randomised studies [15]. Case reports and small series with fewer
than five patients were excluded due to inherent bias and the absence of a suitable bias
assessment tool for such studies. To facilitate an objective evaluation of the quality of
each included study, the NOS criteria were applied through a star system. Specifically,
studies were assigned a quality rating on a scale: a rating of 7 stars was interpreted as “very
good” quality, indicating a high level of evidence and a low risk of bias; a rating of 5 to
6 stars was deemed “good”, suggesting moderate evidence quality with some concerns
regarding bias; a rating of 3 to 4 stars was categorised as “satisfactory”, reflecting a fair level
of evidence with notable bias limitations; and a rating of 2 stars or fewer was considered
“unsatisfactory”, indicative of poor evidence quality with a high risk of bias.

2.4. Data Analysis

Data analysis was conducted by one reviewer (H.W.) to assess the diagnostic accuracy
of MRI for penile fractures. Basic statistical analyses included the calculation of positive
predictive value (PPV), negative predictive value (NPV), sensitivity, and specificity, using
the true-positive (TP), true-negative (TN), false-positive (FP), and false-negative (FN) rates
identified in the included studies.

3. Results
Following the defined search criteria, a total of 134 articles were initially identified.

Subsequently, 59 duplicates were removed. The remaining records underwent screen-
ing based on title and abstract, resulting in the exclusion of 26 studies due to various
factors such as non-English language, irrelevance of article type (e.g., reviews, editori-
als), and unrelated pathology. Full-text articles were retrieved for 49 studies, of which
21 were further excluded due to reasons including the absence of pre-operative MRI, lack
of surgical exploration, and insufficient data for appropriate synthesis relevant to this
study. Finally, 4 additional reports identified through citation review led to the inclusion
of 32 studies [11,16–46] in the final analysis. The screening process, including the number
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of studies included and excluded as well as the reasons for all exclusions, is summarised
in Figure 1.

Figure 1. PRISMA flowchart summarising the screening process for article inclusion in this systematic
review. * PubMed, Embase, and Cochrane CENTRAL.

In our review, MRI use for penile fractures has been described as part of injury
diagnosis, considerations for management, and pre-operative planning. Study findings
including MRI parameters and protocols, MRI findings, surgical approach, surgical findings,
and comparisons with ultrasonography are summarised in Tables S1 and S2 reports the
pooled analysis of outcomes for MRI use in penile fractures.

In the assessment of the studies in this review, a “good” quality evaluation was
consistently achieved based on the Newcastle–Ottawa Scale (NOS) criteria. The main
limitation identified across these studies was the lack of a non-exposed comparison group
and the absence of control for confounding variables. Detailed findings from the risk of
bias evaluations, according to the NOS criteria applied, are presented in Table S3 in the
Supplementary Materials.

4. Discussion
Imaging modalities considered useful in the diagnosis of penile fractures include

cavernosography, ultrasound, and magnetic resonance imaging [3]. However, there are
numerous benefits of MRI over alternative imaging modalities. MRI can establish penile
anatomy in three orthogonal planes with excellent soft tissue contrast and is not limited
by radiographer experience or pain associated with image acquisition. It is non-invasive,
avoids complications that can occur with cavernosography, and does not require the routine
use of contrast, mitigating risks of allergic reactions and nephropathy. Additionally, image
quality is not degraded by haematomas overlying tunica defects [1,11–13]

Ageing blood is known to have an evolving appearance on MRI [16]. However,
whether the appearance of cavernosal blood evolves in the same fashion as blood elsewhere,
or whether this affects the ability to identify penile fractures on MRI, has not been reported.
Thus, whether the utility of MRI is reduced in delayed presentations of penile fracture is
not established. Furthermore, whether inter-reporter variability in the diagnosis of penile
fractures exists has not been explored.

Hallmark MRI findings of penile fractures include the interruption of the low-signal
tunica albuginea, evident on both T1- (T1WI) and T2-weighted imaging (T2WI) [6,47,48]
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[Figure 2]. When contrast is used, early focal enhancement is seen at the site of the tunica
tear, with the improved delineation of acute haematomas, which are often isointense to
the corpora on unenhanced sequences [6,49]. The diagnosis of penile fracture mimics such
as penile contusions centres on findings including focal areas of hypointensity on a back-
ground of T2 bright corpus cavernosum and the continuity of the tunica albuginea [27,47].

Figure 2. Penile fracture demonstrated on T2 sagittal plane. White arrow indicates the tunica
albuginea defect [22].

4.1. MRI Parameters and Protocols

MRI parameters including magnet strength (Tesla), the use of coil, patient positioning,
the use of contrast, and sequences were variable across the studies included in this review.
The most common magnet strength used was 1.5 T, accounting for 142 out of 166 (86%)
MRIs across 10 studies [11,19,24,28,30,35,37,42,43,49]. The remaining MRIs were performed
with 3 T magnets in 20 patients [46], 1 T in 1 patient [11], and sub-1 T in 2 patients [34,50].

Surface coils, which maximise the signal-to-noise ratio and improve image reso-
lution, were consistently used. For penile imaging, surface coils are generally consid-
ered favourable and should be positioned over the lower abdominopelvic wall and scro-
tum [6,13,50]. In this review, the use of surface coils was reported in all 13 studies that
reported on this parameter [19,24,26,28,30,34,35,38,43,45,47,49,51].

Appropriate positioning is considered essential to accurate penile imaging. In all
10 studies where penile positioning was discussed, the penis was elevated, erect, or placed
in the “anatomical position”, dorsiflexed against the abdominal wall, and secured in
position [11,19,22,30,34,43,45,47,49,51].
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The importance of slice thickness has not previously been explored within the setting
of penile fractures. Penile fracture injury sizes can be as small as a focal or sub-millimetre
defect, and tunica albuginea thickness typically measures 2 mm [1]. In this review, MRI slice
thickness ranged from 2 mm to 6 mm for 46 patients across six studies [19,28,34,38,43,52].
All 37 penile fractures were correctly diagnosed irrespective of slice thickness dimen-
sions. However, in a nine-patient cohort without a penile fracture on surgical exploration,
Sokolakis et al. observed that 1.5 T MRI with 3 mm slices resulted in two patients being
misdiagnosed with false-positive injuries [43].

Contrast was variably used in this study, with nine studies reporting either a regular
or as-needed use of contrast [11,24,28,30,35,40,44,45,51], compared to six studies without
contrast [18,25,42,43,46,48]. Three studies reported potential improvements in the demon-
stration of tunica tearing and surrounding haematoma with the use of contrast [11,30,43].
However, in a subgroup analysis of non-contrast- and contrast-enhanced MRI, Spiesecke
et al. found no diagnostic benefit following contrast medium administration [44].

T1WI and T2WI are sequences utilised during MRI to generate images, and they
are distinguished primarily by their tissue contrast mechanisms. T1WI provides a high
spatial resolution and superior anatomical detail, allowing for differentiation between
tissues with varying fat and water contents. Comparatively, T2WI excels in highlighting
differences in water content among tissues, making it particularly useful in identifying
pathologies such as oedema and inflammation. In almost all studies, T1WI and T2WI were
performed together [11,19,22,26–28,30,34,35,39,43–45,47,49,51,52], with a single report of
T1 imaging alone [37]. Most commonly, T2WI was performed in all three orthogonal planes
with additional T1WI in only one or two planes. In two studies, T1WI was considered
more sensitive or demonstrated penile fractures better than T2WI [11,29], attributed to the
masking of haemorrhage by low signal intensity on T2WI. Uder et al. reported that for
three out of four patients, T2WI alone missed the tunica tear, which was evident on T1WI,
and under-appreciated the size of the tear in the remaining case [11].

While there is no established consensus on MRI protocols for penile fractures, we
suggest the use of 1.5 T (or greater) MRI with a surface coil, slice thickness of ideally
3 mm or less, and the penis oriented in the anatomical position, without the routine use of
contrast. Protocols should include the use of T2WI in multiple planes and additional T1W1
in one or two planes. A similar protocol recommended by Esposito et al. reported an image
acquisition time of 20 min [47]. Further research is required to determine the significance
of thinner slices and contrast enhancement.

4.2. MRI Accuracy

From the 32 included studies, there were a total of 246 cases of penile fractures who
underwent pre-operative MRI, with 218 true-positive, 5 false-positive, 20 true-negative, and
3 false-negative cases. Pooled results include a positive predictive value of 97.8%, negative
predictive value of 87.0%, sensitivity of 98.6%, and specificity of 80.0% (Table S2). MRI
can accurately diagnose penile fractures as well as exclude cases of penile fracture mimics.
Additionally, it can accurately map the location of injuries; however, may it underestimate
the size of an injury.

Mehjardi et al. assessed the accuracy of MRI in determining the location of penile
fractures. MRI was used to map the side, dorsal–ventral relation, and proximity (base,
proximal, mid-shaft, and distal) of an injury, which was correlated to surgical findings
following degloving [49]. The correct site was identified by MRI for 73/75 outcomes,
with both incorrect outcomes being inaccurate by one order of proximity. MRI accuracy
in determining the size of a tunica albuginea defect was assessed by Panella et al. in
15 patients who underwent degloving. Though penile fracture was correctly diagnosed
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in all 15 patients, MRI underestimated the size of injury in 9/15 (60%) patients by 5 mm
or greater [35].

4.3. Use of MRI to Guide Surgical Intervention

While subcoronal degloving represents the most common incision performed for
penile fracture repair in this review, 54 patients across 12 studies underwent alterna-
tive incisions including penoscrotal, perineal, ventral, lateral, and longitudinal inci-
sions [2,11,17,18,26–28,38–40,46]. No reports of complications, secondary incisions, or
conversion to subcoronal degloving were observed. The use of localised incisions for the
operative repair of penile fractures was associated with improved long-term functional
outcomes, including a lower mean time to sexual function, compared to patients who
underwent degloving [51]. Additionally, localised incisions avoid complications unique
to degloving and circumcision, including decreased penile sensation and sensitivity and
decreased sexual pleasure, including lower orgasm intensity [47].

The use of MRI may change the definitive operative paradigm for penile fractures,
with the potential consideration of severity and size-based decision making. Panella
et al. [33] performed conservative, non-operative management in a cohort of five patients
with MRI findings that demonstrated sub-5 mm injuries. On long-term follow-up, normal
erectile function, as determined by the International Index of Erectile Function (IIEF-5),
was observed in all five patients.

A systematic review by Wong et al. evaluated the outcomes of early surgical interven-
tion (within 24 h of injury) versus delayed intervention in cases of penile fractures, focusing
on erectile dysfunction and tunica scar formation. The study found no statistically signifi-
cant differences in these outcomes between the two approaches. Early intervention did,
however, slightly improve penile curvature, though the improvements were generally mild,
did not impact sexual functioning, and were thus considered clinically insignificant [53].
However, Bozzini et al.’s retrospective study subsequently highlighted an association be-
tween an increased time to intervention, greater than 8.23 h from admission, and worsened
erectile function [21]. Given these findings, the time taken for individual institutions to
obtain MRI needs to be factored into the management of penile fractures. Nonetheless,
it is important to weigh the potential advantages of using MRI, such as the avoidance of
unnecessary surgeries, potentially shorter operative times, and the facilitation of precise,
localised incisions, against these findings.

4.4. MRI Accuracy Compared to USS

Both MRI and USS were performed in the pre-operative setting for 60 patients across
nine studies [18,26,27,29,37,42,47,50,53]. AUA and BAUS guidelines suggest the considera-
tion of ultrasound in patients with equivocal signs and symptoms of penile fracture [9,10].
While the benefits of USS include its availability, cost profile, and safety, several diagnostic
shortfalls may occur in the setting of penile fractures, including the failure to identify
small tunica tears obscured by a thrombus or haematoma. Poor tolerance secondary to
pain has been reported to limit image quality [11,35], and ultrasonographer experience
may be lacking due to disease rarity [12,13]. When compared, MRI outperformed USS
across almost all studies in this review, except for a single case where a penile fracture was
identified on USS but considered inconclusive on MRI [18].

Mehjardi et al. used USS for the pre-operative mapping of penile fractures. Compared
to MRI, which accurately mapped 73/75 injury location parameters, USS only correctly
mapped 61/75 (81%). In the same study, USS identified 22/25 penile fractures (88%),
compared to 25/25 (100%) for MRI [47]. The three fractures identified on MRI but not on
USS were located at the base of the penis and could not be imaged sonographically. Alcaraz
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et al. reported that in 13/17 (76.5%) patients, MRI upgraded equivocal cases on USS to
a diagnosis of penile fracture or demonstrated a greater extent of injury [19]. Similarly,
twelve patients underwent both USS and MRI in a study by Spiesecke et al. While both
imaging modalities correctly excluded seven cases negative for penile fractures, USS failed
to identify three of five penile fractures seen on MRI [42].

MRI outperforms USS in penile fracture diagnosis and the mapping of injury sites.
Where available, MRI should be considered the first-line investigation for equivocal cases.
Additionally, the use of MRI appears capable of accurately mapping the exact site of injury,
which may help facilitate localised incisions for repair.

4.5. Study Limitations

Limitations of this review include study heterogeneity and the retrospective nature
of many studies, often with small sample sizes. Additionally, a degree of selection bias is
introduced, as not all penile fractures would have been scanned; therefore, our statistics
only apply to patients who were reviewed by a urologist or had an MRI scan performed.

The requirement for surgical confirmation to validate MRI findings also introduces
a bias towards cases with positive MRI results, potentially overlooking false negatives.
Variability was also seen in the reporting of MRI protocols.

Further research is needed to assess the long-term effects of imaging acquisition
delays, investigate conservative treatment outcomes for minor MRI-detected fractures,
explore surgical results in patients with negative MRI scans, and evaluate how MRI-guided
localisation affects surgical strategies and outcomes.

5. Conclusions
MRI holds the potential to significantly change the management paradigm of penile

fractures. It demonstrates high diagnostic accuracy, coupled with excellent soft tissue
resolution that facilitates precise diagnosis and injury localisation. This can help guide
management, particularly in equivocal cases, where it may prevent unnecessary surgeries.
Additionally, accurate injury mapping can assist in surgical planning, including the use of
localised incisions. This review advocates the use of MRI, when available, as a first-line
radiological investigation, particularly in cases of diagnostic uncertainty.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/siuj6020029/s1: Table S1: Summary of studies utilising MRI
for the diagnosis and management of penile fractures; Table S2: Summary of pooled outcomes for
MRI use in penile fractures; Table S3: Quality of included studies using Newcastle–Ottawa Quality
Assessment Scale.
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