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ultrasound evaluation of the striated urethral sphincter 
as a predictive parameter of urinary continence 
after radical prostatectomy
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Objectives: The purpose of this study was
to evaluate preoperatively the results of

transrectal ultrasound (TRUS) in the detection of morphologi-
cal, vascularization status of urethral rhabdosphincter (RS)
and evaluate the correlation with urinary continence after
radical prostatectomy (RP).
Methods: 211 patients who underwent RP were prospectively
studied using TRUS scan of the RS thickness. At the end of
the examination a study was performed  with the use of
colour-Doppler for the assessment of the RS vascularity pat-
tern. The level of continence was graded on a 5 point scale as:
1 = complete continence, 2 = 1 pad daily, 3 = 2-3 pads daily,
4 = 4 or more pads daily, and 5 = complete incontinence.
Results: It was possible to visualize the rhabdosphincter and
its vascularity in all patients. Patients with normal continence
(level 1 and 2) showed a sphincter-muscle thickness of 3.5
mm (± 0.4) and a hypoechoic ultrasound pattern. With
respect to the other levels 3, 4 and 5 of urinary incontinence
RS thickness was 2.8 mm (± 0.5), 2.1 mm (± 0.6), 1.7 (± 0.7)
respectively. Incontinence after RP (≥ 3 level) was associated
with urethral sphincter deficiency in the great majority of
patients. Statistical significant differences were observed in
the vascularity between continent and incontinent men in all
measured vascularity variables (p < 0.005).
Conclusions: This study suggests that RS integrity is a good
predictor of urinary continence after RP and this information
can be important during the preoperative phase as part of the
informed consent.
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rovascular bundle, and puboprostatic ligament preserva-
tion) as possible causes of urinary incontinence (2-5). In
males, urethral sphincter is a cylindrical structure sur-
rounding the urethra and extending vertically from blad-
der neck to perineal membrane, consisting of urethral
smooth sphincter and urethral striated sphincter (6).
Histomorphological studies demonstrated a separate
external urethral sphincter, also termed rhabdosphincter
(RS), in both men and women (7-9). Strasser H et al. (10)
described this sphincter as an “omega-shaped” structure.
The RS plays an important role in actively maintaining
continence (11). The integrity and functional preopera-
tive capacity of the urethral RS is a fundamental prereq-
uisite of UI in men after RP. The purpose of this study
was to evaluate the results of transrectal ultrasound
(TRUS) in the detection of morphological, vasculariza-
tion and preoperative functional status of urethral RS.
Starting from this point of view, we used TRUS to deter-
mine the anatomical changes in urethral sphincter after
RP and evaluated the correlation between these changes
and postoperative urinary continence. 

MaterIals and Methods
Between September 2007 and December 2013, 211 con-
secutive patients who underwent RP (treated by three
experienced operators: 76 with laparoscopic technique
and 135 with open technique) were prospectively stud-
ied using 2-dimensional (2D) TRUS scan of the RS
dimensions and vascularity. Patients who had neurogenic
bladder, incontinence or urinary retention before prosta-
tectomy were excluded. All procedures were performed
in empty bladder, since we believe that even the state of
bladder repletion may be an element of discomfort dur-
ing the exam performance. Each patient was treated
under local anesthesia with lidocaine spray (10 gr/100
ml), applied two minutes before the procedure (12).
TRUS was performed with the patient in the left lateral
decubitus using a General Electric Logiq 7 machine
equipped with a 5-9 MHz multi-frequency convex probe
“end-fire”. Each TRUS performed included an assessment
of the prostatic diameter, the volume of the whole
prostate, the transition zone, capsular and seminal vesi-
cle characteristics, as well as morphological description
of potential pathological features. This transducer pro-
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IntroductIon
Radical prostatectomy (RP) is the most common treat-
ment for localised prostate cancer. Urinary incontinence
(UI) is one of the most disturbing aftereffects of RP (1).
Postoperative UI has a negative effect on the health-relat-
ed quality of life after RP (2). In literature some authors
analysed the influence of perioperative factors (patient
age, body mass index, and prostate volume), anatomic
factors (trigonal denervation, puboperinealis muscle-
sparing dissection, and preservation of endopelvic fas-
cia), and technical factors (bladder neck preservation,
mucosal eversion, urethral length preservation, neu-



vides 2D sagittal and axial section of the posterior urethra
and urethral sphincter complex. In males, urethral
sphincter complex is a cylindrical structure surrounding
the urethra and extending vertically from bladder neck to
perineal membrane (inferior fascia of urogenital
diaphragm), consisting of urethral smooth sphincter
(presenting a hyperechogenic echostructure) and ure-
thral RS (presenting a hypoechoic incomplete band
around the central core). The striated urethral sphincter
was clearly identified by its distinctive “omega-shaped”
configuration and its hypoechoic ultrasound (US) pattern
(6). The distance between urethra and the clearly demar-
cated inner contour of the sphincter was measured. The
measurement points were aligned to the middle of the
omega contour of the sphincter (Figure 1). At the end of
the examination a study was performed with the use of
colour-Doppler (CD) mode for the assessment of the ure-
thral and RS vascularity pattern, both in sagittal and axial
sections. The examination technique was standardized to
an exact protocol that also included the execution of
TRUS to determine anatomical changes in urethra after
RP in incontinent patients. All patients were studied with
2D-TRUS pre and post-operatively by a single experi-
enced surgeon in urologic ultrasound. Informed consent
for this study design was obtained from each patient. All
patients completed a postoperative questionnaire on uri-
nary function and were followed up for 12 months post-
operatively. The level of stable continence was graded on
a 5 point scale as: 1 = complete continence, 2 = 1 pad
daily, 3 = 2-3 pads daily, 4 = 4 or more pads daily, and 5
= complete incontinence. The removal of the catheter
and the teaching of pelvic floor exercises have been
applied for 9 days after surgery. Time to stable continence
after surgery was measured in months and the percent-
ages of patients regaining urinary continence at 3, 6 and
12 months after catheter removal were assessed. All
patients incontinent at 12 months were subjected to ure-
throscopy and urodynamic study, excluding the presence
of postoperative stenosis or overactive bladder. 

Statistical analysis
Comparison of quantitative (follow-up time, age, prostate
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Figure 1. 
Transrectal ultrasound in axial section of a continent
patient with the urethra (U) and rhabdosphincter (RS)
presenting a hypoechoic incomplete band around the
central core. The thickness of RS measures 3.6 mm.

volume, prostatic specific antigen [PSA]) and categoric
(pathologic stage, Gleason) variables between group of
continent patients and group of incontinent patients
were performed with the use of Mann-Whitney U and
chi-square tests, respectively. The level of statistical sig-
nificance was set at p < 0.005. 

results
Clinical and pathological characteristics of our 211
patients have been summarized in Table 1. No signifi-
cant difference was noted between the groups (A = con-
tinent group and B = incontinent group) when compar-
ing age, preoperative PSA level, prostate volume, Body
Mass Index (BMI), clinical stage and Gleason grade. 
Continence was regained in 188 (89.1%) patients (group
A), while incontinence (≥ 3 level of questionnaire) was
noted in 23 (10.9%) patients at 3, 6 and 12 months fol-
lowing the catheter removal. Twenty-three patients
remained incontinent with a level ≥ 3, of which: 16 level
3, 4 level 4, and 3 level 5. The median follow-up period
for patients incontinent was 12.3 months. 2D TRUS
proved an accurate imaging technique for RS visualiza-
tion. It was possible to visualize the rhabdosphincter in
all patients, and the vascularity of this structure was
clearly observed. The omega-shaped muscular loop
presents as a hypoechoic structure surrounding the
membranous urethra at its ventral and lateral aspects.
Patients with normal continence (1 and 2 questionnaire
levels) showed a sphincter-muscle thickness of 3.5 mm
(± 0.4) and a hypoechoic US pattern. 

Patients continent Incontinent p-value
characteristics group group (≥ 3 level)

(n = 188) (n = 23)

Age at diagnosis (yrs) (mean): 68.5 (56-76) 69.7 (57-74) NS

Mean preoperative PSA (ng/ml): 6.8 (2.1-17) 6.1 (1.2-15) NS

Mean prostate volume (cc): 48.2 (19-115) 51.6 (21-98) NS

Body Mass Index (kgm-2) (%): NS
< 18.5-24.9 35 (18.6) 4 (17.4)
25.0-29.9 56 (29.8) 8 (34.8)
> 30.0 97 (51.6) 11 (40.3)

Clinical stage n. (%): NS

T1 49 (26.1) 7 (30.5)
≥ T2 139 (73.9) 16 (69.5)

Pathological Gleason score n. (%): NS
≤ 6 103 (54.8) 13 (56.5)
7 69 (36.7) 7 (30.5)
≥ 8 16 (8.5) 3 (13)

Type of surgery n. (%): NS
Open 120 (63.8) 15 (65.2)
Laparoscopic 68 (36.2) 8 (34.8)

Median follow-up (months) 11.9 (6-12) 12.3 (6-12) NS

Intraoperative complications n. (%): 7 (3.7) 1 (4.3) NS

Postoperative complication n. (%): 8 (4.2) 1 (4.3) NS

NS: not significant; PSA: prostate-specific antigen.

Table 1. 
Clinical and pathological characteristics of patients.



In the other levels of urinary incontinence (3, 4 and 5)
RS thickness was 2.8 mm (± 0.5), 2.1 mm (± 0.6), 1.7 (±
0.7) respectively (Figure 2). 
Incontinence after RP (≥ 3 level) was associated with ure-
thral sphincter deficiency in the overwhelming majority
of patients. 
Furthermore in the continent group an inverse relation
was observed between the thickness of RS and the time
required to reach the stable continence. In seven patients
of level 3, in all patients of level 4 and in three patients
with complete incontinence (level 5) the sphincter-mus-
cle was noted as inhomogeneous echogenicity. CD analy-
sis showed reproducible results for both axial and sagit-
tal plane parameters (Table 2). 
Statistical significant differences were observed in the

vascularity between continent and incon-
tinent men in all measured vascularity
variables (Figure 3). There was no statisti-
cally significant difference in patients of
the incontinent group depending on the
different surgical approach used (p =
0.246). Also regarding intraoperative
(excessive bleeding, prolonged operative
time, and presence of surgical adhesions)
and postoperative complications (pres-
ence of hematoma or lymphocele), the
two groups did not reach a statistical sig-
nificance (p = 0.034). 
Overactive bladder was showed in one
patient of 4 level. Bladder-neck strictures
occurred in five patients (2.7%) of group
A 6 months after catheter removal and in
four patients (2.2%) 12 months after
catheter removal.

dIscussIon
The RS of the adult male is a muscular coat ventral and
lateral to the membranous urethra and prostate, the core
of which is an omega-shaped loop around the urethra.
The sphincter-loop is continuous with muscle bundles
which run along the anterior and lateral side of the
prostate and extend cranially until they reach the bladder
neck (13, 14). A number of studies have discussed a vari-
ety of risk factors that influence UI following RP.
Identification of the reliable risk factors may aid in the
prevention of postoperative UI and selection of patients.
However, substantial controversy exists regarding the
risk factors (1, 5, 10). Preoperatively, the patient’s age,
urinary function, detrusor status, prostate volume, blad-
der capacity, and compliance are known. 
Intraoperatively, the surgical technique and degree of
preservation of the neurovascular bundles have been
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Figure 2. 
Transrectal ultrasound in axial section of an incontinent patient (level 5)
with rhabdosphincter (RS) presenting an inhomogeneous US pattern. 
The thickness of RS measures 1.9 mm [arrows].

Figure 3. 
Transrectal ultrasound in axial section with the use of
colour Doppler in an incontinent patient (level 5) with
rhabdosphincter (RS) presenting poor vascularization.

trus results continent Incontinent p-value
group group (≥ 3 level)

(n = 188) (n = 23)

Preoperative RS thickness mean 
± SD, (mm): 3.5 mm (0.4) 2.3 (0.5)  < 0.001

RS ultrasound pattern n. (%):
hypoechoic echogenicity 181 (96.2%) 9 (39.1%) < 0.005

inhomogeneous echogenicity 7 (3.8%) 14 (60.9%) < 0.005

RS axial FV mean ±SD, 
(cm/sec): 0.41 (0.13) 0.19 (0.07) < 0.001

RS axial A mean ±SD: 0.06 (0.05) 0.02 (0.01) < 0.001

RS axial RI mean ±SD: 0.88 (0.14) 0.99 (0.05) < 0.005

RS axial PI mean ±SD: 2.13 (1.19) 3.25 (1.46) 0.01

RS sagittal FV mean ±SD, 
(cm/sec): 0.39 (0.1) 0.18 (0.09) < 0.001

RS sagittal A mean ±SD: 0.1 (0.05) 0.02 (0.02) < 0.001

RS sagittal RI mean ±SD: 0.78 (0.23) 0.98 (0.04) < 0.001

RS sagittal PI mean ±SD: 1.84 (0.24) 2.89 (1.32) < 0.001

SD: standard deviation; RS: rhabdosphincter; FV: flow velocity; A: area of the vessels; 
RI: resistence index; PI: pulsatility index.

Table 2. 
2-dimensional and colour Doppler Transrectal Ultrasound
(TRUS) results.
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shown as independent predictors of long term urinary
continence (15). In this study, we examined the possible
relationship between preoperative anatomic integrity of
RS (in terms of thickness and vascularity) and UI after
RP. Several studies emphasized the significance of maxi-
mizing urethral length for favourable urinary control
after RP. Myers et al. (16) examined the anatomy of the
male pelvic floor before undergoing RP and defined the
anatomy, sphincter urethral length, levator ani muscles,
puboprostatic ligaments and their anatomic relations.
They calculated the mean sphincter urethral length as 21
mm (range 15-24 mm) in midline sagittal images and 20
mm (15-24 mm) from coronal images and recommend-
ed various operative methods for maintaining the length
of urethral stump to achieve in urinary continence after
RP. Similarly Coakley et al. (17) reported the mean
sphincter urethral length before they underwent RP.
They also reported that when a threshold of 12 mm was
selected, 23-26% of patients with a preoperative urethral
length of 12 mm or less were at least partially inconti-
nent 1 year after surgery compared with 11% with a
length of greater than 12 mm. Unlike other authors,
Strasser et al. (18) examined the RS of male urethra in 77
patients with urinary incontinence after transurethral
resection of the prostate or RP. They detected defects and
postoperative scarring in the majority of the patients
with postoperative urinary stress incontinence. 
Furthermore, the patients presented with thinning in
parts of the muscle and atrophy of the RS. Certain
authors measured RS using urodynamic assessment (8,
19). In other studies RS was examined using endorectal
magnetic resonance imaging (9, 20, 21) or intraurethral
US (22). However, to the best of our knowledge, no
studies are currently available regarding the measure-
ment of RS in terms of thickness and vascularity by pre-
operative 2D TRUS. Statistical significant differences
were observed in the US pattern and vascularity between
continent and incontinent patients. However, there was
no statistically significant difference between the two
groups depending on the different surgical approach
used. Several limitations need to be acknowledged. A
first limitation of our study concerns the race: the partic-
ipants are white, therefore results might not be extended
to other races. The size of the cohort was small, making
it difficult to statistically identify variables, such as RS
thickness or vascularity, that may have a clinical signifi-
cant effect on continence. RS and its vascularity meas-
ured with endorectal US and assessed with our personal
definition cannot still be considered as a standard diag-
nostic modality. Further studies with a larger cohort will
be useful to confirm this classification. Finally, the medi-
an follow-up time of 12 months turned out to be insuf-
ficient, so that further studies with a longer follow-up are
necessary. This study suggests that RS integrity is a good
predictor of urinary continence after RP and this infor-
mation can be important during the preoperative phase
as part of the informed consent.

conclusIons
In conclusion, 2D TRUS permits direct assessment of the
integrity and vascularity of RS by means of a newly

defined quantitative parameter. According to our prelim-
inary results, in contrast to the other studies which men-
tioned the importance of preoperative sphincter urethral
length in regaining continence after RP, preoperative
thickness and vascularity RS may not be the sole impor-
tant factor for urinary incontinence after RP. In the
future, the studies that include measurements of preop-
erative measurements of RS in continent and incontinent
patients might help to solve the important factors likely
to contribute to postoperative continence after RP.
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