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Abstract

Background/Objectives: Postoperative pain is an important determinant of early recov-
ery and patient experience after penile prosthesis implantation. Although malleable,
two-piece inflatable, and three-piece inflatable penile prostheses differ substantially in
their mechanical characteristics, data comparing postoperative pain profiles among these
devices remain limited. This study aimed to evaluate early postoperative pain percep-
tion following penile prosthesis implantation and compare pain outcomes according to
prosthesis type. Methods: In this prospective observational study, 166 patients who
underwent penile prosthesis implantation between January 2020 and December 2025
were evaluated. Patients were divided into three groups according to prosthesis type:
malleable penile prosthesis (MPP; n = 35), two-piece inflatable penile prosthesis (2IPP;
n = 72), and three-piece inflatable penile prosthesis (3IPP; n = 59). Postoperative pain
was assessed using the visual analog scale (VAS) on postoperative day (POD) 1, 7, and
30. Total postoperative non-steroidal anti-inflammatory drug (NSAID) consumption was
expressed as ibuprofen-standardized dose (mg). Multivariable linear regression analyses
were performed to identify independent predictors of postoperative pain. Results: VAS
scores on POD1 were comparable among the three groups (p = 0.61). However, signifi-
cant differences emerged during follow-up. On POD7, both the MPP and 2IPP groups
demonstrated significantly higher pain scores compared with the 3IPP group (p = 0.018
and p = 0.041, respectively). On POD30, pain scores remained significantly higher only
in the MPP group, whereas no significant difference was observed between the 2IPP and
3IPP groups. Total postoperative NSAID consumption was highest in the MPP group and
lowest in the 3IPP group (p < 0.001). In multivariable analysis, both MPP implantation
(β = 0.95, 95% CI: 0.48–1.42; p < 0.001) and 2IPP implantation (β = 0.73, 95% CI: 0.24–1.22;
p = 0.004) were independently associated with higher POD7 pain scores. For POD30, only
MPP implantation remained an independent predictor of increased pain (β = 1.12, 95% CI:
0.58 –1.66; p < 0.001). Conclusions: Prosthesis type was associated with different postop-
erative pain trajectories after penile prosthesis implantation. While early postoperative
pain appears similar across devices, malleable prostheses are associated with more persis-
tent pain and greater analgesic requirements. Among the evaluated devices, three-piece
inflatable prostheses were associated with the most favorable postoperative pain profile.
These findings suggest that postoperative patient comfort should be considered alongside
functional and technical factors when selecting a penile prosthesis.
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1. Introduction
Erectile dysfunction (ED) is a common health problem that significantly affects quality

of life in men and becomes more prevalent with age [1]. Today, various conservative
treatment options—such as oral phosphodiesterase type 5 inhibitors, intracavernosal injec-
tion therapies, and vacuum erection devices—are the most commonly preferred treatment
modalities [2]. In addition, several regenerative and restorative approaches, including
low-intensity shock wave therapy (LiSWT), platelet-rich plasma (PRP), botulinum toxin
(BTX), and autologous immune cell-based therapies, have been investigated. However,
the long-term efficacy of these approaches remains uncertain, and they are still considered
investigational for most patients with ED [3]. For patients who do not respond to or are
not suitable candidates for conservative treatment, penile prosthesis implantation remains
the definitive surgical treatment for refractory ED. Currently, there are three main types
of penile prostheses in clinical use: malleable (semi-rigid) prostheses, two-piece inflatable
prostheses, and three-piece inflatable prostheses [2]. These devices differ in their mechani-
cal characteristics, surgical complexity, patient usability, and cost. Thanks to technological
advancements and improvements in surgical techniques, penile prosthesis implantation
has become a reliable surgical treatment method associated with high patient satisfaction
and long-term device success [4].

For many years, success in penile prosthesis surgery was primarily evaluated based
on parameters such as the absence of complications—including infection and the need for
revision—and the mechanical durability of the prosthesis. However, as patient-centered
outcomes have gained increasing importance in recent years, the postoperative recovery
process, patient satisfaction, and patient experience have also begun to be recognized as
key components of treatment success [5,6]. In this context, postoperative pain is considered
one of the primary factors affecting patients’ return to daily activities, early-stage satis-
faction, and overall treatment experience [7]. Although pain following penile prosthesis
implantation typically subsides over time in most patients, the severity of pain and the
recovery process can vary significantly among patients. Additionally, some patients may
experience higher-than-expected pain levels or prolonged pain complaints in the early
postoperative period, which can negatively impact patient satisfaction and their perception
of treatment [8].

In recent years, various strategies have been developed to reduce pain following penile
prosthesis implantation. In line with current approaches aimed at reducing opioid use, mul-
timodal analgesia protocols have also become widely adopted in penile prosthesis surgery.
It has been reported that these protocols—which include nonsteroidal anti-inflammatory
drugs, acetaminophen, gabapentinoids, and various regional nerve blocks—can improve
pain control in the early postoperative period and reduce the need for opioids [9,10]. How-
ever, most previous studies have focused primarily on optimizing postoperative analgesia
rather than evaluating whether prosthesis design itself influences postoperative pain. In
particular, there are very few studies in the literature comparing pain profiles among
malleable, two-piece inflatable, and three-piece inflatable prostheses. Given the substantial
differences in the mechanical characteristics of available prostheses, it is plausible that
device type may influence postoperative pain perception [4]. Nevertheless, studies directly
comparing the pain profiles of these devices during the early and late postoperative periods
are quite limited. This situation makes it difficult to fully understand the potential role of
pain in prosthesis selection and the effects of different device types on patient comfort.

Therefore, this prospective observational study aimed to evaluate early postoperative
pain following penile prosthesis implantation and to compare pain trajectories among
patients receiving malleable, two-piece inflatable, and three-piece inflatable prostheses.
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2. Materials and Methods
2.1. Study Design and Patient Population

This prospective observational study included patients with erectile dysfunction
who underwent penile prosthesis implantation at the Department of Urology, Faculty of
Medicine, Eskişehir Osmangazi University, between January 2020 and December 2025. The
study was approved by the Eskişehir Osmangazi University Ethics Committee for Non-
Interventional Clinical Research (Decision No. 138.19) and was conducted in accordance
with the principles of the Declaration of Helsinki. Written informed consent was obtained
from all patients prior to the study.

All patients who underwent penile prosthesis implantation during the study period
and completed postoperative pain assessments were included in the study. Patients who
underwent both primary implantation and revision surgery were included in the evalua-
tion. Patients with incomplete clinical data or incomplete postoperative follow-ups were
excluded from the study.

A total of 166 patients were included in the study. Patients were divided into three
groups based on the type of prosthesis implanted: the malleable prosthesis group (n = 35),
the two-piece inflatable prosthesis group (n = 72), and the three-piece inflatable prosthesis
group (n = 59).

Demographic and clinical data included age, body mass index (BMI), etiology of
erectile dysfunction, diabetes mellitus, hypertension, coronary artery disease, history
of pelvic surgery, smoking status, and history of revision surgery. Surgical data in-
cluded operative time, implant type, reservoir placement, intraoperative findings, and
postoperative complications.

All patients were evaluated on postoperative days 1, 7, and 30 as part of the standard
postoperative pain assessment protocol. The minimum follow-up period for the study’s
primary endpoint was set at 30 days. In addition, patients were monitored for device-
related complications and clinical course as part of routine outpatient follow-ups, with a
mean clinical follow-up duration of 28.4 ± 14.7 months.

The study protocol was established before patient enrollment and prospectively de-
fined the postoperative pain assessment schedule (postoperative days 1, 7, and 30), anal-
gesic recording procedures, and the primary and secondary study endpoints.

2.2. Surgical Technique and Perioperative Management

All surgical procedures were performed by a single surgeon (I.U.) experienced in penile
prosthesis surgery using a standardized surgical technique. The penoscrotal approach was
preferred in all cases.

In the malleable prosthesis group, Rigicon Rigi10 (Rigicon Inc., Ronkokoma, NY, USA),
Coloplast Genesis (Coloplast Corp., Minneapolis, MN, USA), and AMS Spectra (Boston
Scientific, Marlborough, MA, USA) prostheses were used. In the two-piece inflatable
prosthesis group, all patients were implanted with the AMS Ambicor (Boston Scientific,
Marlborough, MA, USA). In the three-piece inflatable prosthesis group, Rigicon Infla10
(Rigicon Inc., Ronkokoma, NY, USA), Coloplast Titan (Coloplast Corp., Minneapolis, MN,
USA), and AMS 700 (Boston Scientific, Marlborough, MA, USA) prostheses were used.

Prosthesis type was determined through shared decision-making between the sur-
geon and the patient. In routine clinical practice, financial considerations represented
the primary determinant of prosthesis selection, as penile prostheses are not reimbursed
by the Turkish national health insurance system and are therefore purchased directly by
patients. Additional factors influencing device selection included the presence of corporal
fibrosis (e.g., Peyronie’s disease or a history of priapism), in which narrow-diameter mal-
leable prostheses were often preferred because of challenging corporal dilation. Malleable
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prostheses were also preferentially selected in some elderly patients and in selected indi-
viduals considered to be at increased risk of postoperative infection, based on the surgeon’s
clinical judgment.

In patients who received three-piece prostheses, reservoir placement was planned
according to patient characteristics. In patients with a history of previous radical pelvic
surgery, the reservoir was implanted in an ectopic/submucosal position, while the Retzius
space was the standard choice for other patients.

All patients received a single dose of intravenous vancomycin prophylactically during
anesthesia induction. In patients with diabetes mellitus, those undergoing revision surgery,
or those deemed to be at high risk of infection based on the surgeon’s clinical assessment,
prophylactic antibiotic therapy was continued postoperatively with a third-generation
cephalosporin for 72 h.

At the end of the operation, a closed vacuum drainage system (MiniVac®, Minivac
Vacuum Pumps, Mumbai, India) was placed in all patients, and the drains were removed
on the first postoperative day.

Early postoperative cycling of inflatable prostheses was not routinely performed.
The first device cycling was initiated approximately 4 weeks after surgery, provided that
adequate wound healing had been achieved, including resolution of postoperative edema
and the absence of clinical signs of infection. At that visit, device inflation and deflation
were demonstrated by the surgeon, after which patients were instructed to perform cycling
every 2–3 days at home.

2.3. Postoperative Pain Assessment and Analgesia Protocol

All patients received treatment with a nonsteroidal anti-inflammatory drug (NSAID)
for postoperative pain control. Patients were advised to take the NSAID regularly twice
daily for the first 72 h after surgery. After the third day, analgesic treatment was continued
according to the patients’ needs.

Patients were provided with a standardized pain diary at discharge and were in-
structed to record the name, dose, and timing of every NSAID taken during the postopera-
tive period. The completed diaries were collected and reviewed during the routine outpa-
tient visit on postoperative day 30. Diary completeness was assessed during this visit, and
any unclear entries were clarified with the patient. Because different NSAID formulations
were used, cumulative NSAID consumption was standardized using ibuprofen-comparable
doses for analytical purposes. As no universally accepted NSAID equianalgesic conversion
table exists, comparable anti-inflammatory dose levels reported in standard clinical phar-
macology references were used for standardization [11]. Accordingly, 400 mg of ibuprofen
was considered comparable to 25 mg of dexketoprofen, 50 mg of diclofenac, and 250 mg
of naproxen. The cumulative postoperative NSAID consumption was then expressed as
ibuprofen-standardized doses (mg).

Opioid analgesics were administered only when clinically required on the day of
surgery and were not administered or prescribed after postoperative day 1. Acetaminophen
was not routinely used. All patients were instructed to take NSAIDs twice daily during
the first 72 h according to the standardized postoperative protocol. Thereafter, additional
NSAID use was permitted on an as-needed basis according to individual pain severity.
Consequently, differences in total NSAID consumption primarily reflected additional anal-
gesic requirements beyond the standardized regimen. No patients with contraindications
to NSAID therapy were encountered during the study period.

Postoperative pain levels were assessed using a 10-point visual analog scale (VAS).
VAS scores were self-reported by the patients using the same 10-point visual analog scale
at all assessment time points. On postoperative day 1, pain scores were recorded with
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physician assistance before hospital discharge. Assessments on postoperative days 7 and
30 were performed during routine outpatient follow-up visits. The primary endpoint of
the study was defined as the VAS scores on postoperative days 1, 7, and 30. Secondary
endpoints were defined as total NSAID consumption.

2.4. Statistical Analysis

Statistical analyses were performed using Jamovi (Version 2.7.4; The Jamovi Project,
Sydney, Australia). The distribution of continuous variables was assessed using the Shapiro–
Wilk test. Data showing a normal distribution were presented as mean ± standard devia-
tion, while data not showing a normal distribution were presented as median (minimum–
maximum). Categorical variables were expressed as counts and percentages.

To compare continuous variables across the three groups, one-way analysis of variance
(ANOVA) was used for data following a normal distribution, and the Kruskal–Wallis
test was used for data not following a normal distribution. Pairwise group comparisons
were performed using Bonferroni-corrected post-hoc analyses when appropriate. For
comparisons of categorical variables, the chi-square test or Fisher’s exact test was used.
Multivariate linear regression analysis was performed to identify independent factors
associated with postoperative pain. The regression model included age, body mass index,
presence of diabetes mellitus, history of revision surgery, history of previous pelvic surgery,
operative time, and prosthesis type. VAS scores on the 7th and 30th postoperative days were
evaluated as dependent variables in separate models. A p-value of <0.05 was considered
statistically significant.

3. Results
A total of 166 patients were included in the study. Thirty-five patients (21.1%) were

in the malleable prosthesis group, 72 (43.4%) in the two-piece inflatable prosthesis group,
and 59 (35.5%) in the three-piece inflatable prosthesis group. The demographic and clinical
characteristics of the groups are summarized in Table 1.

Table 1. Baseline demographic and clinical characteristics of the study population.

Variable Malleable Prosthesis
(n = 35)

Two-Piece Inflatable
Prosthesis (n = 72)

Three-Piece Inflatable
Prosthesis (n = 59) p-Value

Age (years) 73.2 ± 8.4 64.8 ± 9.1 62.5 ± 8.7 0.030
BMI (kg/m2) 29.8 ± 4.1 30.2 ± 4.3 29.5 ± 3.8 0.670
Diabetes mellitus, n (%) 15 (42.9) 27 (37.5) 20 (33.9) 0.680
Hypertension, n (%) 18 (51.4) 35 (48.6) 27 (45.8) 0.840
Coronary artery disease, n (%) 7 (20.0) 12 (16.7) 8 (13.6) 0.710
Current smoker, n (%) 11 (31.4) 20 (27.8) 15 (25.4) 0.810
Previous pelvic surgery, n (%) 13 (37.1) 27 (37.5) 21 (35.6) 0.980
Revision surgery, n (%) 3 (8.6) 12 (16.7) 5 (8.5) 0.240
Vasculogenic ED, n (%) 18 (51.4) 35 (48.6) 30 (50.8) 0.960
Diabetic ED, n (%) 9 (25.7) 17 (23.6) 13 (22.0) 0.910
Post-radical pelvic surgery ED, n (%) 6 (17.1) 15 (20.8) 11 (18.6) 0.870
Peyronie’s disease, n (%) 2 (5.7) 5 (6.9) 5 (8.5) 0.840

Bold values indicate statistically significant differences (p < 0.05).

The mean age in the malleable, two-piece, and three-piece prosthesis groups was
73.2 ± 8.4, 64.8 ± 9.1, and 62.5 ± 8.7 years, respectively (p = 0.03). Post-hoc analysis
demonstrated that patients in the malleable prosthesis group were significantly older
than those in both inflatable prosthesis groups, whereas no significant age difference
was observed between the two inflatable prosthesis groups. No statistically significant
differences were found between the groups in terms of body mass index, prevalence of
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diabetes mellitus, hypertension, coronary artery disease, smoking status, history of pelvic
surgery, and revision surgery rates (p > 0.05 for all comparisons).

Surgical characteristics and postoperative complications are shown in Table 2. The
mean operative time differed significantly according to prosthesis type, with the longest
operative time observed in the three-piece prosthesis group (73 ± 16 min), followed
by the two-piece prosthesis group (58 ± 14 min) and the malleable prosthesis group
(42 ± 11 min) (p < 0.001). In 21 patients (35.6%) who received three-piece prostheses, the
reservoir was placed ectopically or submuscularly, while in 38 patients (64.4%), the stan-
dard Retzius placement was preferred. No significant differences were observed between
the groups in terms of postoperative hematoma, infection, and corpus perforation rates
(p > 0.05 for all comparisons).

Table 2. Perioperative characteristics and postoperative complications.

Variable Malleable Prosthesis
(n = 35)

Two-Piece Inflatable
Prosthesis (n = 72)

Three-Piece Inflatable
Prosthesis (n = 59) p-Value

Operative time (min) 42 ± 11 58 ± 14 73 ± 16 <0.001
Length of hospital stay (days) 1.2 ± 0.4 1.3 ± 0.5 1.4 ± 0.6 0.210
Revision surgery, n (%) 3 (8.6) 12 (16.7) 5 (8.5) 0.240
Reservoir placement (Retzius), n (%) N/A N/A 38 (64.4) N/A
Reservoir placement
(Ectopic/Submuscular), n (%) N/A N/A 21 (35.6) N/A

Corporal perforation, n (%) 1 (2.9) 1 (1.4) 1 (1.7) 0.880
Postoperative hematoma, n (%) 2 (5.7) 3 (4.2) 3 (5.1) 0.940
Early prosthesis infection, n (%) 1 (2.9) 0 (0) 1 (1.7) 0.770
Device explantation during
follow-up, n (%) 1 (2.9) 0 (0) 1 (1.7) 0.770

Bold values indicate statistically significant differences (p < 0.05). N/A: Not applicable. Reservoir placement was
not applicable to malleable and two-piece inflatable prostheses.

Postoperative pain outcomes are presented in Table 3. No significant difference was
found in VAS scores assessed on postoperative day 1 among the malleable, two-piece
inflatable, and three-piece inflatable prosthesis groups (5.9 ± 2.1, 5.3 ± 1.9, and 6.1 ± 2.3,
respectively; p = 0.61).

Table 3. Postoperative Pain Scores (VAS) and analgesic consumption.

Variable Malleable
Prosthesis (n = 35)

Two-Piece Inflatable
Prosthesis (n = 72)

Three-Piece
Inflatable Prosthesis

(n = 59)
p-Value

POD1 5.9 ± 2.1 5.3 ± 1.9 6.1 ± 2.3 0.610
POD7 4.8 ± 1.8 4.4 ± 1.9 3.1 ± 1.5 0.012
POD30 2.5 ± 1.0 1.4 ± 0.8 1.2 ± 0.7 0.001
Total NSAID
consumption (mg) 7850 ± 2150 6980 ± 1940 5420 ± 1730 <0.001

Values represent cumulative ibuprofen-standardized NSAID doses. Bold values indicate statistically significant
differences (p < 0.05).

In contrast, a significant difference was observed between the groups at the 7th post-
operative day assessment (p = 0.012). Post-hoc analyses revealed that both the malleable
prosthesis group and the two-piece inflatable prosthesis group had higher VAS scores
compared to the three-piece inflatable prosthesis group (p = 0.018 and p = 0.041, respec-
tively). No significant difference was found between the malleable and two-piece inflatable
prosthesis groups (p = 0.18).
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In the evaluation on the 30th postoperative day, although pain scores had decreased
significantly in all groups, it was observed that VAS scores in the malleable prosthesis
group remained significantly higher than those in the other two groups (p = 0.001). Post-hoc
analyses revealed that the malleable prosthesis group had higher pain scores compared
to both the two-piece and three-piece inflatable prosthesis groups (p < 0.001 for both
comparisons), while no significant difference was observed between the two-piece and
three-piece inflatable prosthesis groups (p = 0.42).

A significant difference was observed between the groups in terms of total postopera-
tive NSAID consumption (Table 3). Total analgesic consumption (ibuprofen standardized)
was highest in the malleable prosthesis group and lowest in the three-piece inflatable
prosthesis group (p < 0.001). Post-hoc analyses showed that the malleable prosthesis group,
in particular, had a greater need for analgesics compared to the other groups. These differ-
ences in analgesic consumption were found to be consistent with the pain scores observed
on the 7th and 30th postoperative days.

The results of the multivariate linear regression analysis are presented in Table 4. In
the model evaluating pain scores on the 7th postoperative day, operative time, malleable
prosthesis implantation, and two-piece inflatable prosthesis implantation were identified
as independent predictors of higher VAS scores. Both malleable and two-piece inflatable
prosthesis implantation were independently associated with higher POD7 pain scores
(β = 0.95; 95% CI 0.48–1.42; p < 0.001 and β = 0.73; 95% CI 0.24–1.22; p = 0.004, respectively).
In addition, operative time was independently associated with pain scores on the 7th
postoperative day (β = 0.02; 95% CI 0.01–0.04; p = 0.030).

Table 4. Multivariable linear regression analysis for predictors of postoperative pain scores.

Variable POD7 β Coefficient
(95% CI) p-Value POD30 β Coefficient

(95% CI) p-Value

Age −0.01 (−0.03 to 0.01) 0.280 −0.01 (−0.03 to 0.01) 0.310
BMI 0.04 (−0.01 to 0.09) 0.120 0.03 (−0.02 to 0.08) 0.220
Diabetes mellitus 0.18 (−0.15 to 0.51) 0.290 0.12 (−0.21 to 0.45) 0.470
Previous pelvic
surgery 0.14 (−0.22 to 0.50) 0.440 0.09 (−0.28 to 0.46) 0.620

Revision surgery 0.19 (−0.26 to 0.64) 0.410 0.15 (−0.27 to 0.57) 0.480
Operative time 0.02 (0.01 to 0.04) 0.030 0.01 (−0.01 to 0.03) 0.180
Two-piece inflatable
prosthesis 0.73 (0.24 to 1.22) 0.004 0.18 (−0.12 to 0.48) 0.240

Malleable prosthesis 0.95 (0.48 to 1.42) <0.001 1.12 (0.58 to 1.66) <0.001
Reference category: Three-piece inflatable prosthesis. Abbreviations: BMI, body mass index; CI, confidence
interval; POD, postoperative day. Bold values indicate statistically significant differences (p < 0.05).

In the model evaluating pain scores on the 30th postoperative day, however, only
malleable prosthesis implantation remained an independent predictor (β = 1.12; 95% CI
0.58–1.66; p < 0.001). No significant association was found between age, body mass index,
diabetes mellitus, history of pelvic surgery, revision surgery, operative time, and two-piece
inflatable prosthesis implantation and pain scores at 30 days postoperatively.

Revision surgery and a history of previous pelvic surgery were not identified as
independent predictors of postoperative pain scores at any of the time points evaluated.

4. Discussion
In this study, the relationship between penile prosthesis type and postoperative pain

perception was prospectively evaluated, and it was observed that prosthesis type was
associated with different postoperative pain trajectories during follow-up. The main finding
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of our study is that, although similar pain levels were observed in the early postoperative
period, different pain patterns emerged depending on the prosthesis type during the follow-
up period. On the 7th postoperative day, higher pain scores were observed in both the
malleable and two-piece inflatable prosthesis groups compared to the three-piece inflatable
prosthesis group; however, on the 30th postoperative day, only the malleable prosthesis
group was found to have significantly higher pain scores. Similarly, analgesic consumption
was also found to be higher in the malleable prosthesis group. The fact that malleable
prosthesis implantation emerged as an independent predictor of prolonged postoperative
pain in multivariate analyses suggests that the observed association is not solely attributable
to patient or surgical characteristics. Although patients in the malleable prosthesis group
were older, age was not identified as an independent predictor of postoperative pain in
multivariate analyses. This suggests that implant characteristics may have contributed
more substantially to the observed differences than age alone.

It is noteworthy that postoperative pain scores on day 1 were similar across all prosthe-
sis groups in our study. This finding suggests that pain perception in the early postoperative
period is largely determined by surgical trauma, corporal dilation, tissue dissection, and
the postoperative inflammatory response, rather than by the type of implant used. It has
been previously reported that acute pain following penile prosthesis surgery is largely
attributable to surgical manipulation, and that similar pain profiles may emerge within
the first 24 h, independent of device characteristics [9,10,12]. Furthermore, the fact that a
standard surgical technique was applied to all patients in our study, all operations were
performed by the same surgeon, and the postoperative analgesia protocol was similar
across all groups enhances the comparability of the pain scores observed in the early pe-
riod. Therefore, the absence of a significant difference between the groups on the first
postoperative day can be considered an expected finding.

In our study, higher pain scores were observed on the 7th postoperative day in both the
malleable and two-piece inflatable prosthesis groups compared to the three-piece inflatable
prosthesis group. This finding suggests that as the acute effects of surgical trauma subside,
the impact of device characteristics on patient comfort begins to become more pronounced.
Three-piece inflatable prostheses may be perceived as more comfortable by patients during
the early recovery period because they can provide more natural flaccidity and reduce
the mechanical load on the corporal tissues. However, while malleable implants maintain
constant rigidity, two-piece inflatable implants also have a more limited deflation capacity
compared to three-piece systems [2,4]. This situation may have contributed to higher
pain perception by affecting the adaptation process of the penile tissues during the first
postoperative week. Indeed, the fact that both malleable and two-piece inflatable implants
were found to be independently associated with pain scores on the 7th postoperative day
in multivariate analyses suggests that the observed difference cannot be explained solely
by patient characteristics or surgical variables. Interestingly, although operative time was
longest in the three-piece inflatable prosthesis group, these patients experienced lower
postoperative pain scores. This finding raises the possibility that implant biomechanics
and tissue interaction may play a greater role in postoperative discomfort than surgical
duration itself.

One of the most striking findings of our study is that, on the 30th postoperative
day, pain scores remained significantly higher only in the malleable prosthesis group.
Furthermore, this finding was supported by higher analgesic consumption. The lower
pain scores observed in the three-piece inflatable prosthesis group may be related to the
ability to deflate these devices during the postoperative period and their imposition of less
continuous mechanical load on the corporeal tissues [2,13]. Similarly, although higher pain
scores were observed on the 7th postoperative day in the two-piece inflatable prosthesis
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group, the fact that this difference disappeared by the 30th postoperative day suggests that
the interaction between the device and the corporal tissues may become less pronounced
as tissue healing progresses. This observation is consistent with prospective data showing
that pain completely resolves by the second postoperative week in approximately half of
patients who undergo implantation of a three-piece penoscrotal inflatable prosthesis [7].

In contrast, malleable prostheses, due to their permanently rigid structure, do not
allow for relaxation of the corporeal tissues and may create ongoing mechanical stress
throughout the healing process [14,15]. However, the present study was not designed
to directly evaluate biomechanical tissue stress, intracorporal pressure, penile edema, or
objective inflammatory markers. Therefore, the proposed mechanisms should be regarded
as biologically plausible hypotheses rather than demonstrated explanations for the observed
differences in postoperative pain. This situation may be one of the possible explanations
for the differences in pain that emerge, particularly following the early postoperative
inflammatory phase. Indeed, the finding in multivariate analyses that malleable prosthesis
implantation is independently associated with pain scores on the 30th postoperative day
indicates that the observed relationship cannot be explained solely by variables such as
patient characteristics, revision surgery, or operative time.

The lower pain scores observed in the three-piece inflatable prosthesis group in our
study may be related to the advantages these devices offer in terms of patient comfort.
Numerous previously published studies have reported that three-piece inflatable prostheses
are associated with high rates of patient satisfaction [16]. In the series reported by Bernal
et al. and Brinkman et al., the vast majority of patients expressed satisfaction with the
device, and the balance between natural flaccidity and erectile function was highlighted
as a significant advantage [13,17]. Similarly, Wong et al. reported that implant satisfaction
is associated not only with erectile function but also with comfort in daily life and the
natural feel of the device [18]. In a recent review, the average patient satisfaction rate
was reported to be 86.2% for inflatable prostheses and 75.1% for malleable prostheses [6].
Although satisfaction was not directly assessed in our study, it is possible that the lower
pain scores observed in the three-piece prosthesis group may be an early reflection of
these patient comfort advantages. Considering that postoperative pain is one of the
key determinants of the patient experience, it can be argued that the lower pain scores
observed in the three-piece prosthesis group may represent one contributing factor to
long-term satisfaction.

Revision procedures were intentionally included because they constitute a clinically
relevant subgroup of patients undergoing penile prosthesis implantation in routine practice.
To minimize potential confounding, revision surgery was included as a covariate in the
multivariable regression analysis. Furthermore, it is noteworthy that a history of revision
surgery and previous pelvic surgery was not found to be associated with postoperative pain.
Although higher pain might be expected, particularly in these cases requiring more complex
surgical dissection and reoperative surgery [19], no such association was demonstrated in
multivariate analyses. This finding suggests that implant characteristics may contribute
more substantially to postoperative pain than surgical complexity in this cohort.

The effect of diabetes and glycemic control on postoperative pain has been investigated
previously. Reinstatler et al. reported that unplanned visits due to postoperative pain were
more frequent in patients with HbA1c levels above 8%. In contrast, in our study, HbA1c
level was not identified as an independent predictor of prolonged pain. This finding may
be attributed to the fact that pain assessment was based directly on VAS scores rather than
the number of unplanned visits, as well as differences between patient populations [20].

This study has several strengths. First, to the best of our knowledge, this is one of
the first studies to prospectively compare the effects of different types of penile prostheses
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on postoperative pain. The fact that all surgeries were performed by the same surgeon,
that a standardized surgical technique was used, and that the same postoperative pain
assessment protocol was applied to all patients enhanced the comparability between the
study groups. Furthermore, the fact that pain assessment was not limited to the early
postoperative period but also included the 7th and 30th postoperative days allowed for an
evaluation of changes in the pain course over time.

However, the study also has some limitations. First, the study was single-center and
did not employ a randomized design. In our clinical practice, prosthesis selection was
primarily influenced by patients’ financial resources. In addition, corporal fibrosis, ad-
vanced age, and the surgeon’s assessment of infection risk also influenced device selection.
Although multivariable regression was performed to adjust for measured confounders,
residual confounding and selection bias cannot be completely excluded. Therefore, the ob-
served associations should not be interpreted as evidence of a causal relationship. Second,
patient satisfaction, quality of life, and functional outcomes were not assessed. Conse-
quently, the relationship between postoperative pain and long-term patient satisfaction
could not be directly established. Third, since pain assessment in this study was limited
to the 30th day, the development of chronic pain could not be evaluated. Finally, the VAS
score used in pain assessment is a subjective measurement method and may have been
influenced by individual differences in pain perception. Therefore, the observed associa-
tions should be interpreted within the context of a prospective observational study and
should not be considered evidence of a causal relationship. Future multicenter randomized
studies with longer follow-up periods are needed to validate our findings.

5. Conclusions
In conclusion, prosthesis type was independently associated with postoperative pain

scores in this prospective observational cohort. Although similar pain levels were observed
in the early postoperative period in our study, different pain patterns emerged over the
follow-up period depending on the prosthesis type. Malleable prostheses were associated
with higher pain scores and greater analgesic consumption on the 7th and 30th postop-
erative days, whereas the pain difference observed with two-piece inflatable prostheses
resolved over time. In contrast, three-piece inflatable prostheses were associated with
lower pain scores. These findings suggest that not only technical and functional char-
acteristics, but also postoperative patient comfort may be considered when selecting a
penile prosthesis. Prospective studies with longer follow-up periods will contribute to a
better understanding of the relationship between prosthesis type and long-term pain and
patient satisfaction.
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POD Postoperative Day
PRP Platelet-Rich Plasma
VAS Visual Analog Scale

References
1. EAU. EAU Guidelines on Sexual and Reproductive Health 2025; EAU: Arnhem, The Netherlands, 2025.
2. Goodstein, T.; Jenkins, L.C. A Narrative Review on Malleable and Inflatable Penile Implants: Choosing the Right Implant for the

Right Patient. Int. J. Impot. Res. 2023, 35, 623–628. [CrossRef] [PubMed]
3. Bonanni, M.; Rehak, L.; Massaro, G.; Benedetto, D.; Matteucci, A.; Russo, G.; Esperto, F.; Federici, M.; Mauriello, A.; Sangiorgi,

G.M. Autologous Immune Cell-Based Regenerative Therapies to Treat Vasculogenic Erectile Dysfunction: Is the Immuno-Centric
Revolution Ready for the Prime Time? Biomedicines 2022, 10, 1091. [CrossRef] [PubMed] [PubMed Central]

4. Satwikananda, H.; Laksita, T.B.; Djatisoesanto, W.; Soebadi, D.M. Efficacy and Safety of Malleable Penile Prostheses Compared to
Inflatable Penile Prostheses in Patients with Erectile Dysfunction. Arch. Ital. Urol. Androl. 2024, 96, 12353. [CrossRef] [PubMed]

5. Campbell, J.D.; Chan, E.P.; Di Pierdominico, A.; Karakus, S.; Trock, B.; Brock, G.B.; Burnett, A.L. Chronic Pain Associated with
Penile Prostheses May Persist Despite Revision or Explantation. Can. Urol. Assoc. J. 2022, 16, 42–46. [CrossRef] [PubMed]

6. Ancha, N.; Eldin, M.; Woodle, T.; Gereta, S.; Hariprasad, K.; Butler, I.; Osterberg, E.C. Current devices, outcomes, and pain
management considerations in penile implant surgery: An updated review of the literature. Asian J. Androl. 2024, 26, 335–343.
[CrossRef] [PubMed]

7. Xiang, A.; Braun, A.E.; Chang, C.; Swerdloff, D.; Gross, M.S.; Simhan, J. Recipients of Penoscrotal Inflatable Penile Prostheses
Often Fully Recover from Pain Two Weeks After Placement. Int. J. Impot. Res. 2025, 37, 133–138. [CrossRef] [PubMed]

8. Chung, D.; Patel, P. Chronic Pain after Inflatable Penile Prosthesis Implantation: An Important Complication to Discuss with
Patients. Can. Urol. Assoc. J. 2022, 16, 47. [CrossRef] [PubMed]

9. Lee, A.S.; Foote, C.; Simhan, J. Multimodal Pain Management Strategies in Penile Implant Recipients. J. Vis. Surg. 2019, 5, 71.
[CrossRef]

10. Ellis, J.L.; Pryor, J.J.; Mendez, M.; Sarmiento, A.S.; Perito, P.; Simhan, J. Pain Management Strategies in Contemporary Penile
Implant Recipients. Curr. Urol. Rep. 2021, 22, 17. [CrossRef] [PubMed]

11. Chou, R.; McDonagh, M.S.; Nakamoto, E.; Griffin, J. Analgesics for Osteoarthritis: An Update of the 2006 Comparative Effectiveness
Review; Comparative Effectiveness Review No. 38; Agency for Healthcare Research and Quality: Rockville, MD, USA, 2011.
Available online: https://www.ncbi.nlm.nih.gov/books/NBK65641/ (accessed on 3 July 2026).

12. Ellis, J.L.; Sudhakar, A.; Simhan, J. Enhanced Recovery Strategies after Penile Implantation: A Narrative Review. Transl. Androl.
Urol. 2021, 10, 2648–2657. [CrossRef] [PubMed]

13. Bernal, R.M.; Henry, G.D. Contemporary Patient Satisfaction Rates for Three-Piece Inflatable Penile Prostheses. Adv. Urol. 2012,
2012, 707321. [CrossRef] [PubMed]
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