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Abstract
Objectives  To investigate the membranous urethral length (MUL) measurement and its interobserver agreement, and pro-
pose literature-based recommendations to standardize MUL measurement for increasing interobserver agreement. MUL 
measurements based on prostate MRI scans, for urinary incontinence risk assessment before radical prostatectomy (RP), 
may influence treatment decision-making in men with localised prostate cancer. Before implementation in clinical practise, 
MRI-based MUL measurements need standardization to improve observer agreement.
Methods  Online libraries were searched up to August 5, 2022, on MUL measurements. Two reviewers performed article 
selection and critical appraisal. Papers reporting on preoperative MUL measurements and urinary continence correlation 
were selected. Extracted information included measuring procedures, MRI sequences, population mean/median values, 
and observer agreement.
Results  Fifty papers were included. Studies that specified the MRI sequence used T2-weighted images and used either coronal images 
(n = 13), sagittal images (n = 18), or both (n = 12) for MUL measurements. ‘Prostatic apex’ was the most common description of the 
proximal membranous urethra landmark and ‘level/entry of the urethra into the penile bulb’ was the most common description of 
the distal landmark. Population mean (median) MUL value range was 10.4–17.1 mm (7.3–17.3 mm), suggesting either population 
or measurement differences. Detailed measurement technique descriptions for reproducibility were lacking. Recommendations on 
MRI-based MUL measurement were formulated by using anatomical landmarks and detailed descriptions and illustrations.
Conclusions  In order to improve on measurement variability, a literature-based measuring method of the MUL was proposed, 
supported by several illustrative case studies, in an attempt to standardize MRI-based MUL measurements for appropriate 
urinary incontinence risk preoperatively.
Clinical relevance statement  Implementation of MUL measurements into clinical practise for personalized post-prostatec-
tomy continence prediction is hampered by lack of standardization and suboptimal interobserver agreement. Our proposed 
standardized MUL measurement aims to facilitate standardization and to improve the interobserver agreement.
Key Points 
• Variable approaches for membranous urethral length measurement are being used, without detailed description and with 

substantial differences in length of the membranous urethra, hampering standardization.
• Limited interobserver agreement for membranous urethral length measurement was observed in several studies, while 

preoperative incontinence risk assessment necessitates high interobserver agreement.
• Literature-based recommendations are proposed to standardize MRI-based membranous urethral length measurement for 

increasing interobserver agreement and improving preoperative incontinence risk assessment, using anatomical landmarks 
on sagittal T2-weighted images.
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practices [3]. Several institutions have adopted their own 
prediction models and have calculated their own threshold 
for low- and high-risk postoperative (in)continence, includ-
ing the MUL [3, 8, 9]. However, before implementation into 
broad clinical practices, there should be agreement on the 
standardized approach of MUL measurement.

The purpose of this review was to investigate the current 
literature on the utility of MUL measurement, to identify 
objective findings regarding MRI acquisition, anatomical 
landmarks, and measurement definitions, and to propose the 
first literature-based recommendations on how MUL meas-
urement on pre-treatment MRI scans should be performed.

Methods

Objective

We investigated the literature on published MUL measure-
ments, including measuring approaches, MRI sequences 
used, population mean/median values, type of observer, 
and observer agreement. We proposed recommendations to 
standardize MRI-based MUL measurement using anatomi-
cal landmarks, with detailed descriptions and illustrations of 
MUL measurements and measurement pitfalls.

Search strategy

A systematic search was conducted using the Embase, Medline 
ALL Ovid, Web of Science Core Collection, Cochrane CEN-
TRAL register of trials, and Google Scholar databases up to 
August 5, 2022, without restrictions regarding publication date 
or language (supplementary material, appendix 1). The litera-
ture search was conducted by a medical librarian. References 
from selected studies were also screened. This search was also 
used in a previous publication, but has been updated [6].

Inclusion criteria

The study population was limited to men with non-metasta-
sized primary diagnose prostate cancer who underwent RP 
using any route or approach. Randomized controlled trials 
and prospective and retrospective cohort studies reporting 
data on preoperative MRI-based MUL measurements and 
follow-up data on urinary continence were included. There 
were no restrictions on follow-up time. We excluded unpub-
lished data, conference abstracts, and review articles. We also 
excluded studies with the smallest number of patients for 
published papers using the same data sets (in case of com-
plete overlapping data).

Abbreviations
BMI	� Body mass index
Cor	� Coronal
CPRED	� Continence prediction tool
FSE	� Fast spin echo
ICC	� Intraclass correlation coefficient
LUTS	� Lower urinary tract symptoms
MRI	� Magnetic resonance imaging
MU	� Membranous urethra
MUL	� Membranous urethral length
NA	� Not available
PI-RADS	� Prostate Imaging – Reporting and Data 

System
PRISMA	� Preferred Reporting Items for Systematic 

Reviews and Meta-analyses
RP	� Radical prostatectomy
Sag	� Sagittal
TSE	� Turbo spin echo

Introduction

In men with localized prostate cancer, several (curative) 
treatment options are available, such as radical prostatec-
tomy (RP), external beam radiotherapy, brachytherapy, and 
active surveillance, all with good oncological outcome [1]. 
The oncological benefit of each treatment should be carefully 
weighed against the risk in terms of side effects by both the 
physician and patient (shared decision-making). The major 
potential side effects of RP are urinary incontinence and 
erectile dysfunction, both impacting on quality of life [2]. 
Counselling patients about these potential side effects is part 
of the shared decision-making on treatment [1]. Algorithms 
on individual risk assessment on postoperative urinary incon-
tinence are available, guiding this counselling process [3].

Besides patient-related factors (e.g. age, pre-existing 
lower urinary tract symptoms (LUTS), and body mass 
index (BMI)) and surgical factors (e.g. nerve sparing), it 
was reported that magnetic resonance imaging (MRI)–based 
anatomical related factors may improve the individual risk 
assessment of incontinence after RP [4, 5]. The most studied 
MRI parameter has been the membranous urethral length 
(MUL). Recent meta-analyses have shown the predictive 
value of the MRI-based MUL measurement [6, 7] with 
larger MUL is associated with significantly greater odds for 
return to continence [7].

The potential impact of pre-treatment incontinence risk 
assessment for treatment decision-making including the 
MUL as input parameter is embraced in urological surgical 
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Data extraction

We followed the Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) process for reporting 
study inclusion and exclusion [10]. The abstract and full-text 
screening and subsequent data extraction were carried out by 
two researchers independently (M.C.d.H. and T.N.B.). Dis-
crepancies between the reviewers were resolved via discussion 
(M.C.d.H., T.N.B., and I.G.S.). A data extraction form was 
developed to collect information on the patient characteristics 
and study methodology (surgical technique, MRI protocol, 
questionnaires, and continence follow-up protocols). More 
detailed data extraction on MUL measurement methodology 
used (MRI sequence, image orientation, landmarks, agree-
ment) was performed by one researcher (T.N.B.).

Statistical analysis

This literature review refers to descriptive data; therefore, 
statistical analysis was not performed.

Results

Study parameters

We included 50 papers (Table 1), widely distributed over the 
world, dominated by South Korea (n = 16), the USA (n = 10), 
and Japan (n = 9). The studies cover 18,545 men with pre-
treatment MRI.

MRI sequences, anatomical landmarks, and lengths

T2-weighted images for MUL measurement were used in all 
studies that specified the MRI sequence; either using sagit-
tal images (n = 18), coronal images (n = 13), or both (n = 12) 
(Table 1).

The anatomical landmark of the proximal end of the 
membranous urethra (MU) was most commonly described 
as ‘prostatic apex’.

The anatomical landmark of the distal end of the MU 
was most commonly described as ‘level of the urethra at the 
penile bulb’ and ‘entry of the urethra into the penile bulb’. 
Detailed reproducible measurement technique descriptions 
were lacking in all studies.

The mean MUL was reported between 10.4 and 17.1 mm 
and median MUL between 7.3 and 17.3 mm, showing large 
variations.

Measurements were performed by urologists, radiolo-
gists, and trainees.

Articles did not specify the location of the measurement 
line on sagittal images (e.g. anterior, central, posterior to the 

urethra) and exact line orientation. In the provided figures in 
the articles, the location of the measurement line is variable. 
Additionally, there is no evidence on how to deal with an 
anterior membranous urethra (MU) overlapping apex.

Interobserver agreement

Six studies reported on the interobserver agreement. The 
intraclass correlation coefficient (ICC) was reported by 5 
studies, ranging from 0.34 to 0.89 (Table 2).

Recommendations based on literature 
for reproducible MUL measurement

Based on current observations, we suggest to measure the 
MUL in a way with high interobserver observer agreement 
[11]. We propose the following recommendations:

•	 Acquire high-resolution T2-weighted images, accord-
ing to PI-RADS guidelines [12], preferably on 3-Tesla 
scanners, in both sagittal and coronal planes.

•	 Measure the MUL in sagittal T2-weighted images since 
the coronal images are usually not angulated parallel to 
the MU.

•	 Standardize the measurement approach into the following

•	 Identify the hyperintense urethral lumen of the 
MU on one of the midsagittal images, and the 
dorsal hypointense membranous structure.

•	 Place the measurement line just dorsally from and 
perpendicular to this hyperintense urethral lumen, 
from the prostate apex to the penile bulb.

•	 Identify the upper (cranial) limit, where the measure-
ment line intersects with the prostate apex defined 
as the lowest border of the peripheral zone at the 
dorsal prostate. Scroll parasagittally to the left and 
right to confirm the lowest border of the peripheral 
zone. When in doubt, crosslink with coronal images.

•	 Identify the lower (caudal) limit, where the MU 
enters the penile bulb. The landmark for the 
penile bulb is the intersection of the urethra with 
the bulb of the corpus spongiosum. Scroll par-
asagittally to left and right to confirm the border 
of the penile bulb. When in doubt, crosslink with 
the coronal images.

Illustrations of proposed measurement technique

The proposed measurement and difference between coro-
nal angulation and MUL measurement direction are shown 
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in Fig. 1. The critical steps of our proposed MUL meas-
urement technique are shown in Fig. 2. The identification 
of the upper limit (lower border of the peripheral zone) is 
illustrated by Fig. 3. The identification of the lower limit 
(upper border of the penile bulb) is illustrated by Fig. 4.

Anatomy and measurement pitfalls

The sphincter is composed of an external rhabdosphincter 
(skeletal muscle) that is responsible for the active continence 
and the internal lissosphincter (smooth muscle) that is respon-
sible for the passive continence (Fig. 5f). The rhabdosphincter 
is the thickest at the level of the MU and has fibres continu-
ous with the anterior fibromuscular stroma. The lissosphincter 
starts in the bladder neck and continues to the upper border of 
the penile base (perineal membrane). The MU is the part of the 
urethra between the prostatic apex and penile bulb (Fig. 5g). 
Both external and internal sphincter fibres are located at the 
level of the MU.

There are several pitfalls to consider when measuring the 
MU, resulting from the complex anatomy shown in Fig. 5a. In 
Fig. 5b–e, the correlation between the anatomy and the most 
important MRI pitfalls are shown. In Fig. 5f, g, the concept of 
the sphincter complex is shown according to Koraitim [13], 
showing a MUL measurement line in the anatomy image illus-
trating what is measured on MRI using our proposed technique 
(Fig. 5g).

Pitfalls include challenging superior limit (abnormal 
peripheral zone intensity, signal intensity of the retropros-
tatic part of the rectovesical space similar to the peripheral 
zone), challenging lower limit (double contour or difficulty 
to appreciate correct penile bulb contour at midsagittal slice 
(Fig. 6)), suggestion of rhabdosphincter fibers of MU con-
tinuing in the prostate (supplemental Fig. 1), angulated MU 
(supplemental Fig. 4), and crosslink errors between coronal 
and sagittal images (supplemental Fig. 5). It is important to 
have a good understanding of the anatomy of the MU and its 
surrounding structures. Additional text and illustrations on 
the anatomy and pitfalls are provided in the supplementary 
material, appendix 2.

Discussion

The aim of the review was to investigate the MUL measure-
ment and its interobserver agreement and propose literature-
based recommendations to standardize MUL measurement 
for increasing interobserver agreement. To our knowledge, 
this is the first review to summarize the literature on MUL 
measurement methods and also the first to propose a stand-
ardized MRI-based MUL measurement approach with 
detailed landmarks and pitfalls. This could provide guid-
ance for radiologists and urologists that would like to start 
performing these measurements as part of the preoperative 
risk assessment of postoperative urinary incontinence in 
men with localized prostate cancer. Standardization could 
also help to use externally validated urinary continence pre-
diction tools.

Populations

We observed that most literature on the MUL is from Asian 
countries. One study showed the average Asian MUL was 
significantly smaller than a non-Asian MUL [14]. The exact 
effect of different MUL size across populations (and whether 
this variation is associated with body length) should be fur-
ther studied, as this may influence the continence prediction 
models suitable for different populations.

Sequence and orientation

We observed that all studies that specified the image used 
for MUL measurement made use of T2-weighted images. 
Although most studies included sagittal images (sagittal 
only or both coronal and sagittal), a substantial number of 
publications used solely coronal images. The advantage of 
coronal images is that it allows easier delineation of upper 
and lower border. In literature, coronal and sagittal MUL 
measurements have shown significant correlation with uri-
nary incontinence after RP and some studies showed good 
correlation between the sagittal and coronal measurements. 
We, however, recommend the use of sagittal images for 

Table 2   Interobserver 
agreement

Cor coronal, Sag sagittal, ICC intraclass correlation coefficient

Author, publication year Statistics Interobserver Interobserver with training Intraobserver

Greenberg, 2022 [21] ICC 0.34 (sag)
Kim, 2020 [34] ICC 0.89 (cor)

0.77 (sag)
Lamberg, 2022 [39] ICC 0.38 (sag and cor) 0.62 (sag and cor)
Sauer, 2019 [54] ICC 0.82 (sag)
Von Bodman, 2012 [60] Weighted kappa 0.48 (cor)
Veerman, 2022 [11] 

(additional data)
ICC 0.84 (sag) 0.93–0.98
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MUL measurements. The angulation of coronal images is 
often different from the correct MU orientation that is seen 
in sagittal images. These variations in angulation will lead 
to different measurements compared with sagittal, causing 
under- or overestimation. Also, different coronal angula-
tions will lead to different measurements in the same patient. 

Another theoretical possibility could be to angulate the coro-
nal images parallel to the MU. However, it is questionable 
whether one should adjust the angulation and consequently 
the prostate appearance you are used to, especially for one 
measurement. Also, this requires training of radiologic tech-
nicians to accurately angulate parallel to the MU.

Fig. 1   Proposal of membranous urethral length (MUL) measure-
ment on midsagittal MR images. a Midsagittal T2w image of the 
prostate. Sagittal MR images are mandatory for appropriate MUL 
measurements. The proposed MUL measurement (red line) is 
determined at the dorsal side of the urethra lumen (this MUL was 
measured 16  mm). The upper border of the MU is determined by 
the presence of prostatic tissue. Intraprostatic urethra is excluded 
from the measurement as intraoperatively sparing is not always per-
formed or possible (i.e. apical tumors). The upper border of the MU 
is determined by the intersection of the urethra with the dorsally 
located peripheral zone (white line). The lower border of the MU 
is determined by the intersection of the urethra with the entrance 

to penile bulb (green line). b Crosslinking of coronal T2w images 
with sagittal images may help identifying and determining the bor-
ders of the anatomical structures related to the MU. Delineation of 
the peripheral zone (white line) on coronal images informs on the 
intersection with the MU. c, d Crosslinking of sagittal (c) and cor-
onal (d) T2w images with a cross mark (red X) in PACS viewing 
software may confirm the correct identification of the lower border 
of the peripheral zone. The scan direction of the coronal images 
is illustrated by the blue dashed line. Notice that this coronal scan 
orientation may not be similar to the MU direction (dashed yellow 
line), which may lead to an inappropriate MUL measurement when 
coronal images would have been used
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Anatomical landmarks and line placement

We have seen that similar landmarks were used for upper 
and lower border of the measurement (‘prostatic apex’ and 
level/entry of the urethra at the penile bulb). However, the 
exact measurement descriptions in literature lacked details 
and are therefore poorly reproducible. For example, the 
exact measurement line location and orientation were 
not described and it was not mentioned how it was dealt 
with different apex types. All these factors can influence 
the MUL length. The transitional zone may be overlap-
ping anteriorly [15] and it is unclear if measured towards 
prostate apex dorsally or anteriorly. The apical shape of 
the prostate is variable and may influence the predicted 

incontinence [16]. For reproducibility purposes, we sug-
gest a standard measurement at the dorsal side of the 
MU towards the peripheral zone. To our knowledge, it is 
unknown whether measurement towards an apical protrud-
ing transitional zone is better for the predictive power of 
MUL measurements and intra- and interobserver agree-
ment. In our experience, the dorsal side in easier to meas-
ure than central or anterior and parallel to the urethra would 
seem a rational approach.

Measurement variations

The large variation in mean and median population MUL 
(median 7.3 to 17.3 mm) is suggesting large variation 

Fig. 2   Critical steps in membranous urethral length (MUL) measure-
ment on midsagittal MR images. a, b A prostate cancer patient with 
sagittal T2w images on preoperative MRI. In MUL measurement, 
critical steps need to be distinguished: (1) the hyperintense lumen 
(yellow arrows) and the hypointense dorsal part (orange arrows) of 
the membranous urethra need to be identified. (2) The line of the 
membranous urethra measurement should be placed dorsally and par-
allel (red line, MUL). (3) The upper border of the measured membra-
nous urethra intersects with the prostate apex, defined as the lower 

border of the peripheral zone at the dorsal side (white line). (4) The 
lower border the measured membranous urethra intersects with the 
penile bulb, the bulb of the corpus spongiosum (green line). c, d 
Another prostate cancer patient with sagittal T2w images on preop-
erative MRI. Notice the difference between hyperintense signal of the 
peripheral zone and retroprostatic part of the rectovesical space (yel-
low delineation). Also notice base of the penile bulb can be slightly 
curved (purple arrow), extending the MUL slightly. The measurement 
(red line) was 20 mm in this case
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in measurement method or population. The large differ-
ence between these specific studies may be measurement 
method related, since both studies are from Japan.

Observer agreement

Few studies reported on interobserver agreement variable 
results from fair to high agreement. In a recent agreement 
study from our group, we have seen high inter- and intrao-
bserver agreement results using our defined landmarks 
[11]. It is important to obtain the highest possible intra- and 

interobserver agreement as a variation of several millime-
tres in MUL measurement results in substantially different 
percentage-predicted continence after RP.

Imaging technique

We believe MRI is the technique of choice to use for the MUL 
measurements. It is possible to measure the MUL with other 
techniques, such as ultrasound and retrograde urethrography. 
However, the MRI is already made for targeting biopsy and/or 
staging and is able to visualize the anatomy very well.

Fig. 3   Challenges in membranous urethral length (MUL) meas-
urement — the upper border, intersecting with the peripheral 
zone (1). Identifying the lower border of the peripheral zone may 
be challenging. Scrolling through the sagittal T2w images may 
help in determining the upper border of the MU, by better iden-
tifying the lower border of the peripheral zone. At the upper bor-
der of the membranous urethra, the retroprostatic part of the rec-
tovesical space surrounding the peripheral zone in the prostate apex 
could be difficult to distinguish from the peripheral zone. These 
structures have similar signal intensities to the peripheral zone on 
T2-weighted images, especially when peripheral zone is less hyper-

intense on T2w images due to inflammation, fibrosis, blood prod-
ucts, or cancer. Scrolling 1 or 2 slices right (a; red arrow) and left 
(c; blue arrow) from the midsagittal view (b; white arrow) may 
improve the determination of the peripheral zone, and subsequently 
the upper border of the MU. On midsagittal images of the pros-
tate, the dark tissue in the membranous urethra lumen may extend 
intraprostatic. This intraprostatic tissue will most likely be resected 
and should therefore be excluded from measurement. d Coronal 
T2 image shows the sagittal orientation of the lower borders of the 
peripheral zone on right parasagittal image (red arrow), midsagittal 
image (white arrow), and left parasagittal image (blue arrow)
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Our recommendations

For some of our measurement recommendations, there will be 
little discussion. The use of T2-weighted images is standard prac-
tice and the landmarks used are very similar in literature. Other 
recommendations may be a cause for more discussion. For exam-
ple, the measurement on the midsagittal T2-weighted images, 
measuring dorsally along the urethra and towards the peripheral 
zone. Given the lack of evidence, we made these recommenda-
tions based on rationale and experience; this is a limitation.

Other limitations

We did not study how interobserver agreement is of MUL meas-
urements performed by readers (outside our institution) using our 
proposed measurement technique. Furthermore, the scanner type, 

coil type, and scan protocol may affect the image quality and 
appearance and therefore may influence the MUL measurement.

Integration of MUL measurements in incontinence 
risk assessment following surgery

Because of the predictive power of the MUL, the authors 
believe that institutions are justified to implement the MUL 
measurements in clinical practise. The radiologists can pro-
vide the measurement in their standardized report, providing 
that the urologist knows how to interpretate the results and 
the radiologist is skilled in performing the measurement. 
Although the predictive power of the MUL has been proven 
in meta-analyses, the best way for the urologist to implement 
the measurement in decision-making can be debated. It is 
possible to use risk nomograms for personalized urinary 
incontinence risk to use for shared decision-making [3, 8]. 

Fig. 4   Challenges in membra-
nous urethral length (MUL) 
measurement—the lower bor-
der, intersecting with the penile 
bulb (1). Scrolling through the 
sagittal T2w images may help 
in determining the lower border 
of the MU, by better identifying 
the upper border of the penile 
bulb. The lower border of the 
membranous urethra is deter-
mined by the intersection with 
the upper border of the penile 
bulb. Scrolling 1 or 2 slices 
right (a; red arrow) and left (c; 
blue arrow) from the midsagit-
tal view (b; white arrow) may 
improve the determination of 
the penile bulb, and subse-
quently the lower border of the 
MU. On midsagittal images 
of the prostate, the hypoin-
tense tissue surrounding the 
membranous urethra lumen may 
continue into the penile bulb 
(purple in b). This intrabulbic 
part should be excluded from 
measuring. d Coronal T2 image 
shows the sagittal orientation of 
the upper borders of the penile 
bulb on right parasagittal image 
(red arrow), midsagittal image 
(white arrow), and left parasag-
ittal image (blue arrow), and 
the intrabulbic continuation of 
hypointense tissue (purple line)
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Fig. 5   Complex anatomy of 
the region of the membranous 
urethra, correlation between 
MRI pitfalls, and the anatomy 
and the concept of the male 
urethral sphincter complex. 
The complex anatomy of the 
membranous urethra region in 
the midsagittal plane with the 
anatomical names (a). The areas 
on MRI that are responsible for 
the most important measure-
ment pitfalls (c–e) with the 
corresponding area shown in the 
anatomical illustration (b). The 
pitfalls shown are fibres of the 
rhabdosphincter that appear to 
continue into the prostate (blue, 
c), dark tissue surrounding 
the urethra in the penile base 
(green, d), and the signal inten-
sity of the retroprostatic part of 
the rectovesical space that can 
be similar to the peripheral zone 
(yellow, e). Concept of male 
urethral sphincter according to 
Koraitim with names (f, g). The 
MUL measurement with our 
proposed technique is indicated 
by the line (ruler) in g 
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Other methods could be to stratify patients into two or three 
categories of MUL size (e.g. high, intermediate, and low 
risk). Using these categories, small interobserver variations 
would lead to the same category. Although in some cases, 
a 1-mm difference may lead to a different risk category. At 
our own institution, we use the continence prediction tool 
(CPRED) which is based on the preoperative MRI-meas-
ured MUL, inner levator muscle distance (ILD), and the 

estimated extent of fascia preservation (i.e. nerve sparing) 
during RP [8]. However, the ILD is not as extensively stud-
ied as the MUL and the predictive power seems less com-
pared with the MUL.

The recommended standardized MUL measurement needs 
to be validated and consensus among experts needs to be 
encouraged, including expert opinions.

Fig. 6   Pitfall in membranous urethral length (MUL) measurement—
the lower border, intersecting with the penile bulb (2). The upper 
contour of the penile bulb may sometimes be difficult to determine 
at the midsagittal image. Peribulbic tissue surrounding the membra-
nous urethra has various low T2 signal intensities. This tissue con-
tains the perineal body, Cowper glands, and deep transverse perineal 
muscle. These structures are difficult to appreciate separately from 
the rhabdosphincter and similar dark signal intensity may continue 
several millimetres into the penile bulb. This may decrease the accu-
rate demarcation of the lower border of the MU, resulting in extended 
MUL measurement with poor reproducibility. Scrolling 1 or 2 slices 
parasagittal (and when difficult) crosslinking with the coronal will 
help to identify the lower limit of the membranous urethra correctly. 
a A prostate cancer patient with sagittal T2w images on preoperative 
MRI. The proposed MUL measurement (red line) was challenging at 

the lower border, at the intersection with the penile bulb (green line). 
A ‘double contour’ appearance was suggested on the midsagittal 
image, as a result of partial volume effects (purple line). b Scrolling 
through the sagittal images left and right (not shown) and crosslink-
ing with coronal images determined the appropriate upper contour of 
the penile bulb (green) and the intrabulbic hypointense tissue (purple 
line). c A prostate cancer patient with sagittal T2w images on preop-
erative MRI. The proposed MUL measurement (red line) was chal-
lenging at the lower border, at the intersection with the penile bulb 
(green line), due to the intrabulbic continuation hypointense tissue 
surrounding the urethra at the midsagittal image. d Scrolling through 
the sagittal images left and right (not shown) and crosslinking with 
coronal images determined the appropriate upper contour of the 
penile bulb (green) and the intrabulbic continuation of hypointense 
tissue surrounding the urethra (purple line)
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Conclusions

In order to improve measurement variability, a literature-based 
method for measuring the MUL was proposed, supported by 
several illustrative case studies, in an attempt to standardize 
MRI-based MUL measurements for appropriate urinary incon-
tinence risk assessment following radical surgery.
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