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Introduction

Radical prostatectomy (RP) remains the most commonly 
used first-line treatment option for patients with clinically 
localized prostate cancer and a life expectancy of at least  

10 years (1). Since RP provides excellent long-term results 
in terms of cancer-specific and overall survival, an increased 
focus should lie on the most common adverse effects which 
negatively affect patients’ quality of life: erectile dysfunction 
and urinary incontinence (2,3). Rates of functional outcome 
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(erectile function and urinary continence) after RP vary 
widely depending on multiple factors including study 
design, patient age, preoperative erectile status, definition 
of functional outcome, and comorbidities (4,5).

Recovery of erectile function after RP is especially of 
increasing importance due to a shift towards earlier stage 
and younger age at diagnosis (6,7). Therefore, surgeons 
use nerve-sparing operation techniques for neurovascular 
bundle preservation which is the major predictor of erectile 
function recovery (8,9). Montorsi et al. first introduced the 
idea of penile rehabilitation with intracavernosal injections 
(ICIs) of alprostadil in 1997 (10). Several clinical studies 
about penile rehabilitation followed, mainly focusing on 
common erectile aids e.g., oral phosphodiesterase type 5 
inhibitors (PDE5-I), ICI therapy, intraurethral alprostadil 
[Medicated Urethral System for Erection (MUSE®)] 
therapy, and vacuum erection devices (VED) (11,12). For 
men who fail these more conservative strategies, inflatable 
penile prosthesis implantation might be a definitive ED 
treatment (13) with an excellent cost-effectiveness (14). 
The basic idea of the aforementioned more conservative 
strategies of penile rehabilitation is prevention of hypoxia 
in the penile tissue related to cavernous nerve neuropraxia 
after RP which leads to fibrosis and atrophy of the corporal 
smooth muscle cells (15). Iacono et al. showed that  
2 months after RP, elastic fibers and smooth muscle cells 
were already significantly decreased whereas collagen 
content was significantly increased (16). These tissue 
alterations cause subsequent veno-occlusive dysfunction 
and consequently reduce the chance of long-term recovery 
of erectile function. Capogrosso et al. showed recently that, 
despite the advancements in surgical and post-RP care, 
erectile function outcomes after RP have not improved over 
the last 10 years. The authors claimed further strategies to 
improve recovery of erectile function (17).

The idea of  masturbat ion as  a  poss ible  peni le 
rehabilitation strategy was already mentioned by Walker 
et al. 2015 (18), however, it has only been investigated by 
one small Japanese study including 8 patients which found 
better results of erectile response in patients who used 
a masturbation device compared to non-users who only 
masturbated (19).

The other relevant adverse effect after RP is urinary 
incontinence. Especially climacturia is linked to low sexual 
satisfaction and moreover to low quality of life (20). Besides 
the grade of nerve sparing, the most relevant preoperative 
risk factors for urinary incontinence are age, body mass 
index, comorbidity index and lower urinary tract symptoms 

(5,21). Postoperative erectile dysfunction 12 months after 
RP has also been shown to be a risk factor for urinary 
incontinence. Thus, Tsikis et al. suggested a possible 
common pathway for these two adverse effects (22).

Nevertheless, there is a notable research gap concerning 
the role of masturbation in the postoperative course after 
nerve-sparing radical prostatectomy (nsRP). The objective 
of this observational and explorative study was therefore 
to evaluate a possible association between masturbation 
and a better functional outcome, i .e.,  recovery of 
erectile function and urinary continence, in patients 6 to  
36 months after nsRP.

Methods

Study procedure

Data of patients who underwent nsRP between 11/2013 and 
03/2016 at our institution was analyzed. All patients with 
neo- or adjuvant therapy and patients with preoperative 
erectile dysfunction [defined as IIEF-EF <22 (23) and EHS 
<3 (24)] were excluded. All data [preoperative (0), 6, 12, 
24, and 36 months after nsRP] was collected prospectively. 
Written informed consent was obtained from all patients. 
The study was approved by the ethical review committee of 
the Technical University of Munich.

Measures

Clinical data at baseline [preoperative (indicated as  
0 months after nsRP)] was collected including comorbidities 
[Charlson comorbidity index (CCI) (25)], prostate-
specific antigen (PSA) level, age at surgery, use of erectile 
aids (PDE5-I, ICI, MUSE®, VED), urinary continence, 
erectile function (IIEF-EF/EHS and frequency of morning 
erections), and masturbation behavior. Masturbation 
behavior was assessed by asking surveyed patients, “How 
often did you practice masturbation in the past four weeks 
(without the presence of others), that is stimulating your 
genitals for sexual pleasure (masturbation)?” (no; yes, a few 
times per month to once per week; 2–3 times per week; 
≥4 times per week). This question was taken from Lindau 
et al. (26). Due to the low number of patients in certain 
subgroups, i.e., ≥4 times per week, masturbation was 
dichotomized, and patients were classified into two groups: 
men who masturbated (m-patients) and men who did not 
masturbate (nm-patients) within the last four weeks. The 
quality of nsRP was assessed via the nerve sparing score 
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(NSS). In this context, both neurovascular bundles were 
assigned a grade ranging from 1 (complete preservation) 
to 4 (complete resection) by the surgeon, respectively. The 
total score is calculated by summing up the two bundles (27). 
For this analysis, all patients with NSS >6 were excluded.

Follow-up data was collected by mail 6, 12, 24 and  
36 months after surgery using standardized, self-
administrated questionnaires. To determine recovery of 
erectile function, two validated, standardized questionnaires 
(IIEF-EF and EHS) were analyzed. Similar to previous 
studies (28-30), we used an IIEF-EF cut-off of ≥17 to define 
recovery of erectile function. Rigidity of the penis was 
analyzed using the EHS and erectile function was defined 
as EHS ≥3. Frequency of morning erections was assessed by 
the question “How often did you have morning erections 
(including incomplete erections) in the past 4 weeks?”. 
Recovery of erectile function was defined as the occurrence 
of morning erections at least occasionally (occasionally; 
often/mostly; almost ever/ever). Urinary continence was 
evaluated by the number of used pads, their condition after 
24 h (dry; moist; wet) and defined as the use of a maximum 
of one dry safety pad per 24 h. Besides parameters of the 
functional outcome, we additionally assessed use of erectile 
aids (PDE5-I, ICI, MUSE®, VED) and masturbation 
behavior during follow-up.

Statistical analysis

Sociodemographic and clinical characteristics of the 
study population were analyzed with descriptive statistics 
calculating counts and percentages for categorical variables. 
Chi-square tests were used to test for association between 
masturbation and functional outcome. All analyses were 
performed using SAS 9.3 (SAS Institute, Cary, NC, USA).

Results

Table 1  depicts the sociodemographic, clinical and 
histopathological characteristics of the study population. 
Between 11/2013 and 03/2016, 250 patients with clinically 
localized prostate cancer who underwent nsRP in our 
institution were included in the analysis. Median age at 
nsRP was 64.0 years (1st, 3rd quartile: 58.8, 69.6 years) 
and median PSA level at diagnosis was 6.6 ng/mL (1st, 3rd 
quartile: 5.2, 10.0). Most patients had a CCI ≤1 (91.9%) 
and a nerve sparing score ranging from 2–4 (93.2%), 
respectively.

Preoperatively, all patients had a good erectile function 

(62.8% IIEF-EF ≥22; 86.0% EHS ≥3). 23.2% of the 
patients with an EHS ≥3 had an IIEF-EF score of <22 
(Table 1). Most patients reported regular morning erections 
(79.8%) and were sexually active (86.9%) (Table 2).

At 6, 12, 24, and 36 months after surgery, approximately 
two thirds (64.2–71.4%) of patients reported that they 
had masturbated within the last 4 weeks. Overall, urinary 
continence rate was 78.3% after 12 months and increased 
to 81.9% and 82.7% after 24 and 36 months, respectively. 
After 24 months, rates of moderate to good erectile 
function (IIEF-EF ≥17 and/or EHS ≥3) and regular 
morning erections were 43.6% and 48.1%, respectively. Use 
of PDE5-I and other erectile aids did not differ between 
m-patients and nm-patients within the first 12 months. 24 
and 36 months after surgery, use of PDE5-I was about twice 
as high in m-patients compared to nm-patients (24 months: 
30.0% vs. 14.1% and 36 months: 29.9% vs. 17.9%) (Table 2).

Twenty-four and 36 months after surgery, rates of 
moderate to good erectile function were numerically 
higher in m-patients compared to nm-patients (47.5% vs. 
37.5%, P=0.193 and 47.7% vs. 35.7%, P=0.286) (Figure 1). 
Rate of morning erections at the same time points of the 
follow-up showed similar results (24 months: 54.6% vs. 
34.9%, P=0.011 and 36 months: 52.2% vs. 35.7%, P=0.141)  
(Figure 2). 12 months after surgery, the rate of urinary 
continence was higher in m-patients compared to nm-
patients (83.1% vs. 70.2%, P=0.042) (Figure 3).

Discussion

Although nsRP is used to preserve the neurovascular 
bundle, erectile dysfunction and urinary incontinence 
remain the most bothersome adverse effects (4,5). There 
are various therapeutic approaches such as use of PDE5-I, 
ICI, MUSE®, VED, and pelvic floor training to improve 
patients’ functional outcome. To our knowledge, this is the 
first study investigating an association between masturbation 
and the functional outcome of patients after nsRP. We 
found better rates of erectile function, morning erections, 
and urinary continence in patients who masturbated in the 
postoperative course after nsRP than in patients without 
masturbation.

While previous studies assessed erectile function 
after nsRP using the IIEF-EF, we used both the IIEF-
EF and the EHS. Since the IIEF-EF is not applicable to 
patients without sexual intercourse, by additionally using 
the EHS we could therefore include almost a third more 
preoperatively potent men in our analysis. Overall, the rates 
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Table 1 Sociodemographic, clinical, sexual, and histopathological characteristics of the study population (n=250)

Variables Outcome

Age at surgery (year), median (1st, 3rd quartile) 64.0 (58.8, 69.6)

PSA (ng/mL), median (1st, 3rd quartile) 6.6 (5.2, 10.0)

Comorbidities and risk factors  

CCI ≤1, n (%) 228 (91.9)

CCI >1, n (%) 20 (8.1)

Hypertension, n (%) 71 (28.4)

Hyperlipidemia, n (%) 28 (11.2)

Coronary heart disease, n (%) 11 (4.4)

Diabetes, n (%) 8 (3.2)

Past or present smoker, n (%) 51 (36.7)

BMI (kg/m2), median (1st, 3rd quartile) 25.6 (23.8, 28.1)

Sexual characteristics  

IIEF-EF ≥22, EHS ≥3 122 (48.8)

IIEF-EF ≥22, EHS <3 35 (14.0)

IIEF-EF <22, EHS ≥3 58 (23.2)

EHS ≥3, IIEF-EF missing 35 (14.0)

Sexually active (past 4 weeks), n (%) 206 (86.9)

Sexual intercourse (per month), median (1st, 3rd quartile) 4.0 (2.0, 6.0)

Histopathological characteristics  

Nerve sparing score  

2–4, n (%) 233 (93.2)

5, 6, n (%) 17 (6.8)

Pathological tumor stage  

≤ pT2c, n (%) 186 (74.4)

≥ pT3a, n (%) 64 (25.6)

Pathological lymph node status  

pN0, n (%) 238 (95.2)

pN1, n (%) 12 (4.8)

Pathological Gleason score  

≤7 (3+4), n (%) 189 (75.6)

7 (4+3), n (%) 43 (17.2)

≥8, n (%) 18 (7.2)

Surgical margin status  

R0, n (%) 226 (90.4)

R1, n (%) 12 (4.8)

Rx, n (%) 12 (4.8)

CCI, Charlson comorbidity index; BMI, body mass index; IIEF-EF, International Index of Erectile Function-Erectile Function; EHS, erection 
hardness score.
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Table 2 Pre- and postoperative variables of the study population (n=250)

Variables

Months after surgery

0 6 12 24 36

n (%) n (%) n (%) n (%) n (%)

Masturbation

Yes 154 (64.2) 140 (65.7) 142 (71.4) 120 (65.2) 67 (70.5)

A few times/month to once/week 118 (49.2) 104 (48.8) 108 (54.3) 88 (47.8) 53 (55.8)

2–3 times/week 26 (10.8) 30 (14.1) 26 (13.1) 24 (13.0) 12 (12.6)

≥4 times/week 10 (4.2) 6 (2.8) 8 (4.0) 8 (4.4) 2 (2.1)

No 86 (35.8) 73 (34.3) 57 (28.6) 64 (34.8) 28 (29.5)

PDE5-I

m-patients 11 (7.1) 58 (41.4) 54 (38.0) 36 (30.0) 20 (29.9)

nm-patients 7 (8.2) 31 (42.5) 21 (36.8) 9 (14.1) 5 (17.9)

Intracavernosal injections

m-patients – – 4 (2.9) 7 (4.9) 2 (1.7) 3 (4.5)

nm-patients – – 1 (1.4) 2 (3.5) 2 (3.1) 1 (3.6)

MUSE®

m-patients – – 0 (0.0) 1 (0.7) 1 (0.8) 0 (0.0)

nm-patients – – 0 (0.0) 1 (1.8) 1 (1.6) 0 (0.0)

Vacuum erection devices

m-patients – – 8 (5.7) 7 (4.9) 2 (1.7) 5 (7.5)

nm-patients – – 1 (1.4) 1 (1.8) 1 (1.6) 0 (0.0)

Functional outcome

Recovery of erectile function

Yes (IIEF ≥17 and/or EHS ≥3) 250 (100.0) 52 (25.7) 77 (38.1) 82 (43.6) 45 (45.9)

No (IIEF <17 and EHS <3) 0 (0.0) 150 (74.3) 125 (61.9) 106 (56.4) 53 (54.1)

Morning erections

Yes (at least occasionally) 197 (79.8) 62 (29.0) 80 (39.8) 89 (48.1) 48 (48.0)

No 50 (20.2) 152 (71.0) 121 (60.2) 96 (51.9) 52 (52.0)

Urinary continence

Yes (≤1 dry safety pad/24 h) 250 (100.0) 160 (74.8) 162 (78.3) 154 (81.9) 86 (82.7)

No (≥1 moist safety pad/24 h) 0 (0.0) 54 (25.2) 45 (21.7) 34 (18.1) 18 (17.3)

PDE5-I, phosphodiesterase type 5 inhibitors; m, masturbating; nm, non-masturbating; MUSE®, Medicated Urethral System for Erection; 
IIEF-EF, International Index of Erectile Function-Erectile Function; EHS, erection hardness score.

of erectile function among our patients were 38.1% and 
43.6% after 12 and 24 months, respectively. These rates 
appear to be low compared to potency rates in a systematic 
review and meta-analysis by Ficarra et al. ranging between 

47% and 94% 24 months after nsRP (4). However, it 
should be noted that most of these studies included only 
highly-selected young patients with low-risk prostate cancer 
whereas the median age of our patients was 64.0 years  
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and almost a quarter were either not organ-confined  
(≥ pT3a) or had a pathological Gleason score ≥7 (3+4), thus 
representing a more heterogeneous sample. Compared to 
other large prospective studies with similarly heterogeneous 
samples concerning age, comorbidities, and tumor stage, 
our rates of erectile function were similar or even slightly 
higher (17,31).

Rates of morning erections were assessed as an additional 
aspect of erectile function and can be an indicator for 
sleep-related erections. The impact of mental factors on 
erectile function is lower during sleep than during sexual 
activity (32), which might explain the slightly higher rates 
of morning erections compared to rates of erectile function 
using the IIEF-EF/EHS among our patients (48.1% vs. 
43.6% after 24 months).

Compared to established methods of penile rehabilitation 
after nsRP such as PDE5-I, ICI/MUSE® therapy or VED, 
there are no studies about masturbation as a concept of 
penile rehabilitation. The rationale of penile rehabilitation 
is protection of penile tissue against reduced blood flow and 
hypoxia and thus avoiding structural changes such as smooth 
muscle apoptosis and local fibrosis which lead to erectile 
dysfunction (11,33). The authors of a review about sexual 
recovery after prostate cancer treatment hypothesized that 
masturbation might have a similar effect on penile tissue 
and could lead to better recovery of erectile function (18). 
Indeed, our results showed that the rate of erectile function 
(IIEF-EF/EHS) 24 months after nsRP was numerically 
higher in m-patients compared to nm-patients (47.5% vs. 
37.5%). This difference of 10.0% between the two groups 
is clinically relevant, but not statistically significant due 
to the somewhat limited sample size of 184 patients at 24 
months after nsRP. Moreover, the rate of morning erections 
showed similar results, with an even larger difference in 
rates between m-patients and nm-patients after 24 months 
(54.6% vs. 34.9%). These results might be explained by 
similar molecular mechanisms that are known to improve 
penile rehabilitation when using VED. In a rat model of 
bilateral cavernous nerve crush, VED therapy preserved 
erectile function through an increase of blood flow and thus 
antihypoxic and antifibrotic effects (34). In humans, penile 
oxygen saturation in the flaccid penis is about 49% and 
increases to 67% after using VED (35,36). However, this 
is not as high as it becomes after ICIs with prostaglandin 
(78.5%) (36). The corporal blood after VED use consists of 
both arterial and venous blood, hence the oxygen saturation 

Figure 1 Postoperative rates of moderate to good erectile function 
(IIEF ≥17 and/or EHS ≥3) in nm- and m-patients.
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Figure 2 Postoperative rates of regular morning erections in nm- 
and m-patients.
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Figure 3 Postoperative rates of urinary continence (≤1 dry safety 
pad/24 h) in nm- and m-patients.
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is lower (37), whereas only the arterial blood flow increases 
through masturbation, which leads to higher penile oxygen 
saturation. The presence of fibrogenic cytokines e.g., 
TGF-β1, ET-1, NGF, and HIF-1α have confirmed hypoxia 
as possible pathophysiological cause of erectile dysfunction 
(33,38-40). Rahardjo et al. recently reported that TGF-β1 
levels already decrease significantly at tumescence and even 
more at rigidity (40). Accordingly, masturbation might have 
a protective effect on penile tissue, and this might explain 
why long-term outcomes of erectile function were better in 
m-patients than in nm-patients.

To date, due to conflicting results, current evidence does 
not support that penile rehabilitation with PDE5-I improves 
recovery of spontaneous erectile function (12). However, in 
a study investigating the combination of PDE5-I and VED, 
rates of IIEF-5 were significantly higher after 12 months 
in the combination group compared to the PDE5-I group 
(92% vs. 57%) (41). Combination of masturbation and 
PDE5-I could show a similar effect since they enhance the 
blood flow during sexual stimulation and arousal and could 
lead to better oxygenation. Finally, if masturbation is the 
reason for the better erectile function or if better erectile 
function leads to more masturbation remains unclear. 
Nonetheless, masturbation, which causes neither costs nor 
adverse effects might be another interesting approach for 
penile rehabilitation and warrants further investigation.

In light of favorable oncologic outcomes of prostate 
cancer patients after nsRP, quality of life is highly 
important, in particular the recovery of urinary continence. 
Prevalence of urinary continence after nsRP depends on 
the definition. With the use of a maximum of one dry 
safety pad per 24 h we used a very strict definition of 
urinary continence. Twelve months after nsRP, continence 
was 78.3% among our patients. This stands in line with 
other recently published studies that reported urinary 
continence rates between 74% and 77% 12 months after 
nsRP (42,43). Contrary to the findings of Penson et al., who 
indicated stable rates of urinary continence 12–60 months 
after nsRP (44), the rate of urinary continence among our 
patients improved from 78.3% to 81.9% 24 months after 
nsRP. Likewise, Lee et al. reported a proportion of patients 
achieving urinary continence at 24, 36, and 48 months of 
30%, 49%, and 59%, in patients incontinent at 12 months 
after nsRP (45).

We found that m-patients had better rates of urinary 
continence 12 months after nsRP than nm-patients (83.1% 
vs. 70.2%). Preservation of the neurovascular bundle through 
nerve-sparing techniques is associated highly with urinary 

continence (46,47). This supports the idea that cavernous 
nerves play an important role in recovery of urinary 
continence. Therefore, masturbation could enhance urinary 
continence through increasing pelvic blood flow and oxygen 
supply, with a positive effect on sphincter function. Based on 
a similar assumption, the authors of several studies showing 
an improvement of urinary continence with PDE5-I tried 
to justify their results (48-50). Gandaglia et al. reported a 
higher urinary continence rate in patients taking PDE5-I 
compared to untreated patients (86.7% vs. 67.1%) (49).  
This again underlines the important role of sphincteric 
and pelvic floor blood supply and the accompanying higher 
oxygen saturation (50).

The present study is the first attempt to investigate the 
association between masturbation and functional outcome 
in a sample of patients treated with nsRP. One strength 
of our study is the heterogeneous sample of patients with 
various tumor stages and histopathological characteristics. 
Another strength is the prospective data collection; 
however, we could not infer causality, but only associations. 
This is due to the nature of the intervention since it is 
hardly possible to initiate a randomized controlled trial 
prohibiting the control group to masturbate, whereas the 
intervention group is encouraged to masturbate. Therefore, 
if masturbation is the reason for the better functional 
outcome or if a better functional outcome leads to more 
masturbation remains unclear. Moreover, we could not 
control for comorbidities and risk factors in a multiple 
regression model due to missing data of certain variables. 
Furthermore, m-patients and nm-patients could have 
changed their groups between the different time points 
after nsRP which might lead to inconsistent groups across 
time points and thus rates should be compared over time 
with caution, since they are not directly comparable. 
Therefore, we analyzed each time point separately and 
conducted a cross-sectional analysis at each different time 
point (6, 12, 24, and 36 months). Based on our findings, 
further studies could provide interesting data when using 
a strict longitudinal study design. Excluding subjects with 
a missing value for masturbation status at any time point 
22% of the patients changed between the m-group and 
nm-group, which limits the interpretation of our results. 
Another limitation is that data of the main outcome 
measures are self-reported and at risk for exaggeration and 
misrepresentation. In addition, although we asked patients 
about their masturbation frequency, we could not examine 
whether there are different erectile function outcomes 
among these subgroups, due to the low number of patients 
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in each category. Finally, we did not assess whether patients 
masturbated with an erect or soft penis.

In conclusion, this is the first study that investigated an 
association between masturbation and both better erectile 
function and urinary continence of patients treated with 
nsRP. If masturbation is the reason for the better functional 
outcome or if a better functional outcome leads to more 
masturbation remains unclear and needs to be confirmed in 
future studies consisting of larger samples, since randomized 
controlled trials are difficult to accomplish. Nonetheless, 
masturbation, which neither causes any costs nor adverse 
effects might be a promising approach for erectile function 
and urinary continence recovery, and patients could be 
encouraged to masturbate after nsRP.
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