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Purpose: The efficacy of pelvic floor muscle training (PFMT) for men with postprostatectomy incontinence (PPI) after robot-
ic-assisted radical prostatectomy (RARP) is controversial and the mechanism for its possible effect remains unclear. The aim 
of this study was to investigate the relationship between bladder neck (BN) displacement, as a proxy for puborectal muscle ac-
tivation, and continence outcomes after RARP. 
Methods: Data were extracted from the South Australian Prostate Cancer Clinical Outcomes Collaborative database for men 
undergoing RARP by high volume surgeons who attended preoperative pelvic floor physiotherapy for pelvic floor muscle 
(PFM) training between 2012 and 2015. Instructions were to contract the PFM as if stopping the flow of urine. BN displace-
ment was measured with 2-dimensional transperineal ultrasound, without digital rectal examination. Urinary continence sta-
tus was assessed preoperatively and at 3, 6, and 12 months using the Expanded Prostate Cancer Index Composite 26. Data 
were analysed using logistic regression and mixed effects linear modelling. Confounding variables considered were baseline 
continence, age at diagnosis, margin status, nerve sparing procedures and pathological stage. 
Results: Of 671 eligible men, 358 met the inclusion criteria and were available for analysis, with 136 complete datasets at 
12-month follow-up. While BN movement was associated with preoperative continence, there was no significant effect of BN 
displacement on the change in urinary continence at 12 months postprostatectomy (P=0.81) or on the influence of time on 
continence over 3–12 months.
Conclusions: Continence outcomes were not associated with BN displacement, produced by activity of the puborectal portion 
of the levator ani muscle, at 3, 6, or 12 months after RARP. These results suggest that the puborectal muscle does not play a role 
in the recovery of continence after RARP and may help to explain the negative findings of many studies of PFMT for PPI.
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INTRODUCTION

Urinary incontinence remains a distressing complication for 
men after radical prostatectomy despite improvements in surgi-
cal techniques [1]. Pelvic floor muscle training (PFMT) is a com-
monly advocated treatment and is widely practiced. However 
the evidence for its efficacy is unclear, with systematic reviews 
and meta-analyses suggesting, at best, only limited short-term 
benefit [2-4].
 The male continence mechanism is complex and the relative 
contribution of the different muscles in the pelvic floor to con-
tinence and postprostatectomy incontinence (PPI) has only re-
cently begun to be elucidated [5-8]. Intervention studies on 
men with PPI have predominantly focused on training the le-
vator ani muscle (LAM) but the lack of effect in many of these 
robust studies [9-12] suggests that the LAM may not be respon-
sible for recovery of continence after radical surgery. One rea-
son for the focus on LAM training has been the use of digital 
rectal examination (DRE) [13], a validated method providing 
ready access to the levator ani in men to allow clinical assess-
ment of its function, based on similar assessment methods in 
women [14]. The urethral sphincter is the other key structure 
contributing to continence in the male [15,16] but no compara-
ble clinical assessment of urethral sphincter function has been 
described. DRE provides clinical information about the pu-
borectal portion of the LAM, which can be palpated in the 
proximal half of the anal canal, contributing to its closure [17] 
and to elevation of the bladder neck (BN) [5]. In addition, it is 
common to teach men to contract the LAM, or provide bio-
feedback training, via the anus, with the proprioceptive input 
thus being from the anal or puborectal component of the LAM 
[9-12,18,19]. However, it is currently unclear to what extent the 
puborectal portion of the LAM contributes to recovery from 
PPI. 
 Two-dimensional transperineal ultrasound (2D-TPUS) is a 
newly validated and reliable method of assessing displacement 
of male pelvic structures, including the BN, associated with 
contraction of the puborectal muscle [20]. Using this method, 
mean±standard deviation (SD) measures of BN displacement 
from 4.6±0.4 to 20.6±0.1 mm have been reported in a cohort 
of men without prostate cancer [5], suggesting considerable 
variability in men’s PFM function and motor control. 
 We hypothesized that there would be a positive association 
between postoperative continence and preoperative BN dis-
placement and that this association would be strongest for BN 

displacement around the mean, representing activity of the pu-
borectalis/levator ani muscle with normal resting tone and good 
motor control. 
 The aim of this study was therefore to investigate the rela-
tionship between BN displacement, measured with 2D-TPUS, 
as a proxy for puborectal muscle activity and men’s continence 
status at 3, 6, and 12 months after robotic-assisted radical pros-
tatectomy (RARP). 

MATERIALS AND METHODS 

Demographic data and data on continence status were extract-
ed from the South Australian Prostate Cancer Clinical Out-
comes Collaborative (SA-PCCOC) database for analysis. Uri-
nary continence status was assessed preoperatively and at 3, 6, 
12 months using the Expanded Prostate Cancer Index Com-
posite (EPIC)-26 [21]. Continence was assessed using the ‘Uri-
nary Incontinence’ domain score of the EPIC-26 (questions 
1–3, 4a). This score ranges from 0–100, with 0 indicating com-
plete lack of urinary continence and 100 indicating complete 
urinary continence. Response options for each EPIC item form 
a Likert scale, and multi-item scale scores are transformed lin-
early to a 0–100 scale, with higher scores representing better 
health-related quality of life. 
 Data on BN displacement were obtained prospectively dur-
ing a routine 1-hour preoperative physiotherapy appointment 
in which men were given standardized education about the 
anatomy and function of the pelvic floor muscles, including the 
urethral sphincter mechanism, using a diagram of the male pel-
vic floor in sagittal section, a model pelvis and self-palpation of 
bony landmarks of the pelvis. Men were initially given stan-
dardized instructions in sitting and standing to contract their 
pelvic floor muscles as if stopping the flow of urine. They were 
instructed to be aware of retraction of the penis, elevation of the 
testicles towards the body and an awareness of the anal sphinc-
ter squeezing in, while maintaining a urethral focus of the ac-
tion. Further feedback from the physiotherapist provided assis-
tance to localise the action to the pelvic floor without global, es-
pecially upper abdominal muscle, activity and while breathing 
[22]. Puborectal muscle action was assessed by the physiothera-
pist, using 2D-TPUS to measure BN displacement, with the 
subject in a supine bent-knee position. A curved linear array 
ultrasound transducer (ultrasound system Mindray DP6600, 
Shenzhen Mindray Bio-Medical Electronics Co., Ltd., Shen-
zhen, China, 2009-2010) was covered with ultrasound gel, a 
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plastic sheath and further ultrasound gel and placed on the 
perineum in the midsagittal plane to visualize the pubic tuber-
cle anteriorly and the anorectal angle posteriorly, confirming 
midline position. The online callipers were used to identify the 
BN at rest and on maximum displacement during a voluntary 
contraction. Cranial displacement was considered to be correct 
and caudal displacement incorrect [14]. 
 Displacement of the BN has been previously established as a 
valid measure of PFM activity in men. We used only the mea-
sure of the urethro-vesical junction, as described by Stafford et 
al. [23], to estimate changes in the position of the BN as a result 
of PFM activity. 
 Some practice and refinement of the action were permitted, 
with subjects using the ultrasound image for biofeedback. The 
maximum displacement measure was recorded in an electronic 
database for later analysis. DRE was only performed if pelvic 
floor muscle overactivity was suspected in the case of minimal 
excursion of the BN on 2D-TPUS or if the subject had poor pro-
prioception. All TPUS measures were taken by one of three 
physiotherapists who had received training in the technique. 2D-
TPUS data analysis was conducted independently from those 
making ultrasound measurements.
 All baseline measurements were made after the date of diag-
nosis and prior to RARP. Data were included from men who 
fulfilled the following patient profile/inclusion criteria:
· Robot-assisted laparoscopic radical prostatectomy performed 

by high volume surgeon (>50 per year).
· Prostate cancer patients who underwent surgery between 

March 2012 and March 2016.
· Surgery was not performed post radiation therapy and there 

was no radiation therapy within 12 months of surgery.
· Patients had completed an EPIC 26 prior to surgery.
· A preoperative physiotherapy session in which BN displace-

ment as a result of a PFM contraction was assessed using 2D-
TPUS. 

 Cases were excluded if they did not have complete data of BN 
displacement measured by RT TPUS or without a continence as-
sessment before RALP or an EPIC-26 within 12 months of RALP.

Data Analysis
Data were analysed using logistic regression. Confounding 
variables considered were baseline continence, age at diagnosis, 
margin status, nerve sparing procedures, and pathological stage 
(Gleason grade: ≤6, 7, ≥8; stage: ≤T2, ≥T3), body mass index 
and preoperative overactive bladder (OAB). The presence of 

OAB/benign prostatic hyperplasia was defined by positive re-
sponses to all 3 of the following questions on the EPIC-26 (Q31, 
weak urine stream or incomplete emptying; Q33, need to uri-
nate frequently during the day; and Q34, overall, how big a 
problem has your urinary function been for you during the last 
4 weeks?: response 0–5, no problem–big problem?).
 Logistic regression was used to investigate the relationship 
between baseline continence and BN displacement.
 A mixed effects linear model was used to investigate the rela-
tionship between BN displacement and continence outcomes at 
3, 6, and 12 months postsurgery. Any patient with at least one 
posttreatment outcome was included in this analysis. 
 Ethics approval was granted to SA-PCCOC to collect data 
relating to prostate cancer including from patients in private 
practice, where this study was conducted and including all dei-
dentified analyses for which prior patient consent had not spe-
cifically been obtained, as was the case for this analysis. Ethics 
approval was granted by the Southern Adelaide Human Re-
search Ethics Committee (approval 307.14) and the study was 
conducted in accordance with the Helsinki Declaration.  

RESULTS

Six hundred seventy-one subjects were in the initial data set, 
with 358 subjects remaining after application of the inclusion/
exclusion criteria (Fig. 1). Reasons for exclusion were as follows: 
not high volume surgeon (10 subjects), surgery post radiation 
therapy or radiation therapy less than 12 months after surgery 
(4 subjects), no baseline EPIC-26 (64 subjects), no preoperative 
physiotherapy (2 subjects), no preoperative BN displacement 
measurement available (233 subjects).
 Demographics of the cohort are presented in Table 1. 
 Overall, men in the cohort had an average age of 63 years at 
the time of diagnosis and had Gleason 6 cancer (46.7%). Nerve 
sparing surgical procedures were reported in 27.3% of cases 
(14.2% bilateral and 13.1% unilateral). Continence data was 
available for 47 men at 3 months postsurgery, 119 at 6 months 
and 136 men at 12 months (Fig. 1). Results of EPIC-26 urinary 
incontinence data for each time point are presented in Table 2. 

Baseline continence and bladder neck movement
Overall, the mean urinary incontinence score in this cohort was 
92.89 on the EPIC-26 scale before surgery. Mean±SD of BN 
displacement was 9.72±4.36 mm. Using logistic regression to 
assess continence (100% vs. less than 100%) against BN dis-
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placement, a positive association was observed (odds ratio 
[OR], 1.07; 95% confidence interval [CI], 1.02–1.14; P=0.009) 
(Fig. 2). 
 
Continence postsurgery and bladder neck movement
In this cohort of men, EPIC-26 Urinary Incontinence domain 
scores were typically lower 12 months after surgery compared 
with before surgery (-13.9 ±21.21) (Table 2). In univariable 
analysis, examining the effect of BN displacement on change in 
continence at 12 months postsurgery, no significant association 
was observed (β =0.30, P =0.46) (Fig. 3). Considering the 
change in continence over time (Fig. 4), a marked drop in con-
tinence was seen at the 3 months postsurgery time with partial 

Fig. 1. Flow chart of participants through the study. EPIC-26, Expanded Prostate Cancer Index Composite; BN, bladder neck. 

313 Excluded
 10 Not high volume surgeon
 4 Surgery post radiation therapy or radiation therapy less than 12 months after surgery
 64 No baseline EPIC-26
 2 No postoperative physiotherapy
 233 No postoperative BN disptacement measurement available

671 Assessed for eligibility

358 Met preoperative inclusion criteria

119 Six-month postoperative review

136 Twelve-month postoperative review

47 Three-month postoperative review

Table 1. Demographics of study participants (n=358) 

Characteristic Value

Age at diagnosis (yr) 63.89±6.06

Gleason score at biopsy
   <7
   3+4
   4+3
   >7
   Missing

  
5 (1.4)

165 (46.1)
72 (20.1)
46 (12.8)
70 (19.6)

Pathology stage
   2
   3
   Missing

  
87 (24.3)

200 (55.9)
71 (19.8)

Positive cores at biopsy (%) 40.28±23.57

Margin status 
   Clear
   Involved
   Missing

  
212 (59.2)

72 (20.1)
74 (20.7)

Margin positive at apex
   No
   Yes
   Missing

  
247 (69.0)

26 (7.3)
85 (23.7)

Margin positive at bladder
   No
   Yes
   Missing

  
248 (69.3)

24 (6.7)
86 (24.0)

Neurovascular bundle sparing
   No
   Bilateral
   Unilateral
   Missing

  
44 (12.3)
51 (14.2)
47 (13.1)

216 (60.3)

Values are presented as mean±standard deviation or number (%).

Table 2. EPIC-26 Urinary Incontinence Domain Scores (mean± 
SD) and number of subjects (%) with complete EPIC-26 data at 
each time point

EPIC-26 scorea) Mean±SD No. (%) 

Baseline (all) 92.88±13.84 358 (100)

Baseline (continent only) 100 250 (69.8)

3 Months 60.79±25.74 47 (13.1)

6 Months 76.79±22.89 119 (33.2)

12 Months 79.44±21.59 136 (38.0)

Change in incontinence 
 score at 12 months 

-13.90±21.21 -

SD, standard deviation.  
a)Expanded Prostate Cancer Index Composite (EPIC-26) Urinary In-
continence Domain Scores (questions 1–3, 4a).  
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recovery at 6 months. In mixed effects linear models, which ex-
amined continence from 3–12 months postsurgery, BN dis-
placement was not significantly associated with change in con-
tinence in multivariable analysis including adjustment for age 
at diagnosis, surgical margin status, nerve sparing procedure 
status, pathology stage, presence of OAB at baseline and time 
(P =0.06). A representation of continence by quartile of BN 
movement shows this graphically (Fig. 5).

DISCUSSION

The role of the LAM in the recovery of continence after radical 
prostate surgery is unclear.  Our study investigated the role that 
men’s ability to contract the puborectal portion of the LAM and 
elevate the BN before surgery might have on their continence 
status up to a year after a RARP. We used 2D-TPUS to assess 
movement of the BN, indicative of activation of the puborectal 
muscle [5]. Our original hypothesis was not supported, as we 

Fig. 2. Univariable analysis of bladder neck displacement and 
baseline continence (n =358). EPIC-26, Expanded Prostate 
Cancer Index Composite.
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Fig. 3. Univariable analysis of bladder neck displacement and 
change in continence status at 12 months post RALP (n=136). 
RALP, robotic-assisted laparoscopic prostatectomy.
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Fig. 4. Association of bladder neck displacement and continence 
at 3, 6, and 12 months postsurgery using a mixed effects linear 
model. RALP, robotic-assisted laparoscopic prostatectomy.
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Fig. 5. Multivariable analysis showing association of quartiles of 
bladder neck displacement and continence at 3, 6, 12 months 
postsurgery. RALP, robotic-assisted laparoscopic prostatectomy; 
BND, bladder neck displacement. 
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found no association of preoperative BN displacement and uri-
nary continence outcomes at any time from 3 to 12 months af-
ter surgery. Contrary to our hypotheses, BN displacement 
around the mean (9.72 mm), theoretically representing activity 
of the puborectal muscle/LAM with normal resting tone and 
good motor control, was not associated with superior conti-
nence outcomes. Furthermore, the lack of association remained 
when we examined quartiles of BN displacement in the regres-
sion analysis (Fig. 5). An explanation for the lack of association 
in the highest quartile (~14–18 mm) of BN displacement might 
be that the pelvic floor muscle had low resting tone, producing 
a large amplitude movement, with the potential for more BN 
mobility, which has been identified as a risk factor for postop-
erative UI [24,25]. Similarly, the lack of association with BN 
displacement in the lowest quartile (~0–4 mm) could have 
been due to poor motor control, PFM weakness or on the other 
hand, due to high resting tone and limited ability to shorten the 
muscle fibres further. The lack of association between conti-
nence outcomes and any quartile of BN displacement might 
seem surprising as training of the PFM is so widely advocated. 
However, we suggest that it provides insights into the reasons 
why meta-analyses have failed to demonstrate efficacy [2-4].
 We did find a small, statistically significant association be-
tween baseline BN elevation and baseline continence assessed 
by the continence domain of the EPIC-26 (OR, 1.07; 95% CI, 
1.02–1.14; P=0.014). We interpreted the ability to elevate the 
BN as a motor skill rather than as a reflection of PFM strength. 
This functional aspect of the PFM has not been investigated be-
fore in relation to continence outcomes and so comparisons 
with other studies are limited. Song et al. [26] used magnetic 
resonance imaging (MRI) to measure different aspects of the 
male pelvic muscles and found that thicker pelvic floor muscles 
preoperatively predicted better continence outcomes at 3 and 6 
months after surgery. Sohn et al. [27] evaluated the anatomy of 
men preoperatively with MRI and found that men with a thick-
er puborectal muscle at the anorectal angle and more elevated 
BN regained continence earlier. These findings suggest that 
preoperative PFMT with a strength training protocol to hyper-
trophy the LAM might yield higher continence rates, but while 
Centemero et al. [28] found that 4 weeks of preoperative 
strength training produced earlier recovery of continence, oth-
ers have failed to show an effect [9-12]. Cameron et al. [29] 
found no difference in LAM cross sectional area a year after 
surgery in continent and incontinent men, further clouding the 
role of the LAM in the recovery of continence.

 The male continence mechanism is structurally complex 
[5,15,16] and compromised urethral function has been impli-
cated as a cause of PPI [25,29,30]. Furthermore, a recent study 
suggests that the puborectal muscle, together with the bulbo-
cavernosus muscle, is unable to compensate for poor urethral 
function to improve continence outcomes [8]. The lack of asso-
ciation in the present study between BN displacement, as a 
proxy for puborectal muscle activation, and continence out-
comes up to a year after surgery, provides further support for 
the theory that it is not the LAM but rather the urethral sphinc-
ter that is the key muscular structure responsible for the recov-
ery of continence. Specific training to hypertrophy the volun-
tary component of the urethral sphincter could be a more effec-
tive target for muscle training but one study has found that in-
tensive PFMT produced no improvement in postoperative ure-
thral function, when assessed by urethral pressure profilometry 
during urodynamic studies [30].
 There is a lack of standardization in PFMT in studies on PPI 
and the variable training protocols may account for some of the 
variation in the continence outcomes reported to date. It has 
been shown, for example, that different verbal commands pro-
duce different, measurable interactions between the puborectal, 
anal and urethral parts of the PFM, and with variations be-
tween individuals [7]. Some studies, which have focused on 
anal training with biofeedback, have had negative outcomes [9-
12], while others with a more anterior/urethral focus, practising 
flow stopping and without anal biofeedback, have demonstrat-
ed a treatment effect [28,31]. We provided instructions to stop 
the flow of urine, focusing on the anterior PFM but men were 
also able to see the bladder neck on the ultrasound screen and 
focus on its elevation. At the time of data collection, we were 
not measuring displacement of the striated urethral sphincter 
[5], which may have produced significant associations with 
continence outcomes.
 We used 2D-TPUS to evaluate the movement of the BN in 
this cohort of men. TPUS is a valid and reliable tool for assess-
ing PFM activity in males and has advantages over DRE in be-
ing relatively noninvasive and providing real-time information 
about all the striated muscle components of the male pelvic 
floor, including the urethral sphincter [20]. It also has the ad-
vantage of providing visual feedback about the relevant activity 
of the PFM, without biasing the man’s attention to the anal 
sphincter. The definition of the ultrasound image will depend, 
among other things, on the sophistication of the equipment 
used. We used a portable clinic ultrasound, which generally per-
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mitted good visualization and measurement of displacement of 
the BN from its position at rest and on contraction. The mea-
sures of BN displacement in the present study (mean±SD, 9.72 
±4.38) were similar to those reported by Stafford et al. [5] 
(range, 4.6–20.6 mm). The similarity between this previous 
study and the present one lends credibility to our measures of 
BN movement.
 We have not been able to visualize or measure activation of 
the striated urethral sphincter as easily as BN movement using 
2D-TPUS in the clinic. Future research should investigate opti-
mal methods to evaluate the activity of the urethral sphincter 
and whether specific training programs may be able to enhance 
its function and improve continence outcomes.
 We did not routinely perform a DRE to assess action of the 
PFM in order to avoid providing anal biofeedback. However, in 
cases where there was minimal displacement of the BN on the 
ultrasound screen, the physiotherapist also performed a DRE to 
clarify the resting PFM tone and prescribe appropriate training 
e.g., PFM relaxation.  
 We have evaluated BN displacement after multimodal teach-
ing of a correct contraction (i.e., pictures, models, self-palpation, 
clinician observation, and feedback). In all cases, we have re-
ported positive values i.e., correct elevation of the BN and leva-
tor plate. Some of the missing TPUS data in excluded cases may 
have been due to difficulty obtaining a clear image and may 
have included cases with negative values i.e., incorrect action 
with levator ani depression.  
 A surprisingly high percentage (30%) of men reported some 
incontinence preoperatively, according to the EPIC-26 (Table 
2). From our methodology, it is not possible to identify the un-
derlying cause of this baseline incontinence but one possible 
explanation is OAB, which is a common cause of lower urinary 
tract symptoms in men [32] and with similar prevalence of 38% 
[33] and 21% [34] reported in men before prostate surgery. 
When present preoperatively, OAB has been shown to predict 
poorer continence outcomes postprostatectomy [25,34]. Ap-
proximately one third of men reported symptoms of OAB at 
baseline, which we considered as a confounding variable in our 
analysis (Table 2). A further explanation may be preoperative 
terminal dribble (TD), which has been reported in 39.1% of 
men older than 40 years. In 27.2% of these men, TD was also 
objectively demonstrated [35].
 A potential weakness of our study was some missing data for 
several confounding variables in the regression analyses. None-
theless we have been able to report on a large cohort of men 

(n =136) for whom complete datasets were available for the 
12-month analysis. Further strengths of this study are the use of 
a robust subjective measure of incontinence with the EPIC -26 
[21] and valid and reliable measure of BN displacement using 
TPUS to assess PFM activity [20].  
 The lack of association between preoperative BN displace-
ment, as a result of puborectal muscle contraction, and urinary 
incontinence up to 1 year after radical prostate surgery, pro-
vides an explanation for the lack of effect of some PFMT inter-
ventions for PPI that have focused on the anal sphincter and 
puborectal muscle activation. By targeting training of the striat-
ed urethral sphincter, rather than puborectal/LAM in men with 
PPI, it may be possible to improve continence outcomes post 
radical prostate surgery.
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