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Introduction
A mismatch between birth-assigned sex and one’s 
gender identity may result in gender incongru-
ence. Gender incongruence is associated with 
rates of self-harm and suicide attempts at least 
10-fold higher than the general population.1 
Some patients choose to physically transition to 
the gender they identify with using a combination 
of hormonal therapy with or without reconstruc-
tive surgery. Gender affirmation surgery (GAS) 

for transgender and non-binary (TGNB) individ-
uals aims to more closely align the physical body 
with the individual’s gender identity. An expo-
nential increase in the demand and provision of 
GAS has been widely reported but much remains 
unknown about the optimal techniques.

The aim of masculinising genital GAS is to con-
struct a neophallus (with or without urethra) and 
scrotum with a male-appearing perineum.1,2 The 
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female reproductive organs can be removed but 
not every individual will want, require or qualify 
for every surgical option that may be available. 
The flaps used in phalloplasty often do not pro-
vide full rigidity as they do not contain native 
erectile tissue. Therefore, rigidity of the neophal-
lus is achieved by inserting an erectile device. 
Surgical reconstruction is usually staged, with an 
ideal end result that is aesthetically satisfying, 
sensate, and allows both micturition whilst stand-
ing and penetrative sexual intercourse, if desired.1

A study demonstrated that out of 1056 individu-
als who had a phalloplasty, 792 (75%) received a 
penile prosthesis.3 Whilst there are malleable 
(also known as semi-rigid) and inflatable penile 
prostheses (IPP), the inflatable devices provide a 
more natural and concealable appearance.4 They 
are the most common type of device chosen for 
implantation in the neophallus. The approach for 
inserting an IPP following GAS and phalloplasty 
is different and invariably more complex than 
implanting an erectile device in an anatomical 
penis.5 The aim of this systematic review is to 
summarise the current practice for insertion of an 
IPP into a neophallus following GAS in individu-
als assigned female at birth (AFAB) with empha-
sis on the described techniques, types of devices 
used as well as peri-operative and patient-reported 
outcomes.

Methods

Search strategy and study eligibility
The PubMed database was searched on 16 
September 2022, using the search terms: 
(Phalloplasty OR neophallus OR gender reassign-
ment surgery OR gender affirming surgery OR 
AFAB OR gender dysphoria OR transgender 
male) AND (penile prosthe* OR penile implant). 
All articles published up until 16 September 2022 
were screened for eligibility. An updated search 
was performed on 26 May 2023.

A population (P), intervention (I), comparator 
(C), outcome (O), study design (S) (PICOS) 
framework defined the study eligibility. Studies 
were included if they fulfilled, (P): AFAB, adult 
(⩾18 years old) patient with a neophallus who 
underwent an IPP insertion; (I): any types of IPP; 
(C) any types of neophallus construction, or any 
types of IPP; (O) peri- and post-operative out-
comes, including revision rates and patient-
reported outcomes; (S) any forms of study design 

including randomised and non-randomised stud-
ies. Only studies or case series involving five or 
more patients were included.

Case reports, conference abstracts, reviews, let-
ters, commentaries and editorials were excluded 
as were non-English articles and studies with 
sample size less than five patients. Individuals for 
malleable or semi-rigid penile prosthesis insertion 
or where they were assigned male at birth were 
also excluded.

The titles and abstracts identified from the search 
were screened. The full-text articles as well as the 
reference lists of articles that met the inclusion 
criteria were reviewed and further screened for 
eligibility, or other articles that may be suitable 
for inclusion.

Data extraction and analysis
Data extracted included the number of patients, 
age, types of grafts and flaps used for phalloplasty, 
types of IPP and number of cylinders, peri- and 
post-operative complications, follow-up duration, 
revision rates, and patient-reported outcomes. As 
no randomised controlled trial was included in 
this review, we focused on a narrative synthesis. 
Continuous variables were described by the num-
ber of cases (n), mean and range or median and 
interquartile range (IQR), if available. 
Heterogeneity of reported data between studies 
meant that only ranges were able to be presented 
in the data synthesis.

Results

Quantity of evidence identified
One hundred and eighty-five articles were identi-
fied using the search strategy above, and 15 stud-
ies6–20 were included for analysis following 
abstract and full-text screening (Figure 1). 
Fourteen studies were retrospective and one 
study was prospective in nature.11 A total of 1106 
IPPs were included in the analysis.

Characteristics of the studies included
Baseline characteristics of the patients including 
age, number of AFAB individuals who underwent 
phalloplasty and penile implant insertion, type of 
phalloplasty reconstruction, type of IPP used, 
time to prosthesis insertion and insertion approach 
are presented in Table 1. The cohort size of 
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AFAB individuals ranged between 5 and 306, the 
mean age was 24–41.7 years, and the mean fol-
low-up was 8.9–115 months. The most used flap 
for phalloplasty was the radial artery forearm free 
flap (RFFF), with only one study reporting the 
insertion of IPP following musculocutaneous 
latissimus dorsi free flap phalloplasty.13 Five stud-
ies6,7,12,13,17 reported outcomes on both IPP and 
malleable implants so only data relevant to IPP 
insertion were extracted and synthesised.

Prosthesis type
A total of 1106 IPPs (Table 1) were included in 
the analysis. The models of device spanned the 
breadth of devices used in cisgender men, but the 
majority were Boston Scientific AMS 600/700TM 
or AmbicorTM, and Coloplast Titan® in more 
contemporary studies. In earlier studies, the 
Dynaflex implants were described, but these 
implants are no longer in use. Neuville et  al.14 
were the first to publish the outcomes of the ZSI 
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Duplicate records removed  
(n=0)
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Figure 1.  PRISMA 2020 flow chart for the current systematic review. 
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475 implant (Zephyr Surgical Implants, Geneva, 
Switzerland) in 20 patients (Figure 2). These are 
novel inflatable devices that have been specifically 
designed for the neophallus of individuals AFAB.

Eleven studies reported on the number of cylin-
ders used. Five studies used 1 cylinder only6,7,10,11,14 
and six studies used 1 or 2 cylinders.9,12,14–16,20

Surgical technique
Preoperative.  The time from neophallus con-
struction to implant insertion is at least 6 months 
in most studies to allow sensory nerves to regen-
erate and the urethra to completely heal. Falcone 
et al.15 recommended that IPP insertion is delayed 
for at least a year to allow optimal cutaneous sen-
sation of the phallus to develop. All urethral com-
plications were corrected prior to IPP insertion.

With regards to anti-septic scrubbing of the opera-
tive field, four studies used povidone-iodine6,11,15,20 
and one study used chlorhexidine and povidone-
iodine.12 In the two studies by Neuville et  al.,17 
2 min × 5 min scrubs were performed, but the 
agent was not mentioned. Nine studies com-
mented on antibiotic prophylaxis where a cepha-
losporin was the most common antibiotic used on 
induction.7,9–12,20 Alternative antibiotics used 
included gentamicin,6,7,15 co-amoxiclav,15 vanco-
mycin6 and metronidazole10 (Table 1).

Intraoperative.  Two studies provided data on 
neophallus measurements. Djordjevic et al.13 used 
musculocutaneous latissimus dorsi free flaps and 
the mean (range) length and girth was 14.6 cm 
(12–21) and 2.4 cm (12–15). Garcia et al.18 used 
RFFF and suprapubic pedicle flaps. The RFFF 
neophallus mean (range) length was 11.95 cm 

Figure 2.  ZSI 475 FTM penile prosthesis.
Source: Images obtained from Zephyr Surgical Implants (ZSIs) website: https://www.zsimplants.ch/en/products-en/
phalloplasty/zsi-475-ftm-inflatable-penile-implant/zsi-475-ftm-information

https://journals.sagepub.com/home/tau
https://www.zsimplants.ch/en/products-en/phalloplasty/zsi-475-ftm-inflatable-penile-implant/zsi-475-ftm-information
https://www.zsimplants.ch/en/products-en/phalloplasty/zsi-475-ftm-inflatable-penile-implant/zsi-475-ftm-information


KH Pang, N Christopher et al.

journals.sagepub.com/home/tau	 7

and girth was 11.7 cm (8.25–14). The suprapubic 
flap neophallus length was 13.3 cm (11.75–16) 
and girth was 13.4 cm (13–16).18

The IPP insertion approach was commonly 
infrapubic or parascrotal based on the reporting 
centre’s preference (Table 1). Four studies used 
the infrapubic approach,6,7,15,16 five studies used 
the parascrotal approach9,11,14,17,20 and two stud-
ies used both approaches.10,13

Due to the absence of the corpus cavernosa in the 
neophallus, the rear tips of the IPPs are usually 
anchored to the pubic bone to prevent migration 
(Table 1). Some studies use additional grafts such 
as polyethylene terephthalate (Dacron™)7,10 or 
other autologous tissue or acellular matrix6 to 
help anchor the implant to the pubis. The mate-
rial can be fashioned into a sock, cap and sock or 
a full sheath around each cylinder.

Cohen et  al.16 described a novel technique for 
proximal bone anchoring using a GORE-TEX 
strip (Gore & Associates Inc, Flagstaff, AZ, USA). 
They hypothesised that this may strengthen the 
anchoring. In their cohort of 10 patients at a mean 
follow-up of 49 months, 7 (70%) patients required 
a device revision, three of which had inadequate 
fixation. The authors concluded that their fixation 
technique was feasible despite a high revision rate 
but cautioned that the technique was not used in 
enough patients to draw adequate conclusions on 
the potential effects on device longevity.

Reservoir insertion.  Reservoir placement was 
reported in seven studies (Table 1). All reservoirs 
were placed extraperitoneal in the retropubic 
space.6,7,11,13,14,16,20 Specifically, Briles et  al.6 
added 60–80 cc saline to the reservoir, Chen 
et al.7 added 75 cc, and Verla et al.11 added 65 mL. 
The group from London, United Kingdom refer-
enced a previous publication describing open res-
ervoir placement by counter-incision into the 
retroperitoneum.21

Post-operative care.  Most studies discharged 
patients with oral antibiotics for 5–7 days and rec-
ommended IPP activation at 6 weeks (Table 1). 
One study advised IPP activation at 3 weeks.15

Complications
The complications following IPP insertion are 
summarised in Table 2. Several studies combined 
both IPP and malleable devices in their analysis. 

Where possible, only data relating to IPPs were 
synthesised. The infection rate was 4.2–50%,16,17 
with most studies (80%) reporting an infection 
rate of <30%. Mechanical failure occurred in 
1.4–36.4% of cases,7,12 explantation was required 
in 3.3–41.6%,13,20 and the device was revised or 
replaced in 6–70% of cases.11,16

Reported data for the ZSI 475 FTM penile 
implants were more limited. (Tables 1 and 2). 
Nine out of 20 men (45%) had a primary ZSI 475 
FTM device and 11 (55%) had an exchange from 
a 2-piece IPP (AMS Ambicor; Boston Scientific, 
Marlborough, MA, USA) due to mechanical fail-
ure (n = 5), malpositioning (n = 3) and infection 
(n = 3). At a follow-up of 8.9 months (±SD 4.0), 
revision was necessary in 4 (19%) patients due to 
infection, 2 for mechanical failure (fluid leak and 
‘activation defect’ respectively), and 1 for poor 
positioning with 16 men still with functioning 
devices.14 Subsequently, Verla et al.11 reported a 
prospective series of 50 ZSI 475 penile implants 
in AFAB individuals. Explantation occurred in 13 
(26%) and revision was required in 3 (6%) cases 
due to malpositioning.

We previously reported the outcomes of IPP 
insertion in 247 AFAB patients, and this remains 
the largest cohort in the literature.15 IPPs were 
inserted parascrotal through a groin incision at a 
mean duration of 12 months following phallo-
plasty. At a mean follow-up of 20 months, com-
plications included infection (8.5%), mechanical 
failure (15.4%), explantation for dissatisfaction 
(19.4%) with an overall revision rate of 43.3%. 
All patients were able to cycle their device, 77% 
were engaging in penetrative sexual intercourse 
and 88% were satisfied with the cosmetic and 
functional outcomes.15

Patient and partner satisfaction
Details regarding patient satisfaction and func-
tional outcomes (Table 2) were reported in six 
studies.8,9,13–15,18 Overall, 51.4–90.6% of patients 
were satisfied and 77–100% were engaging in 
penetrative sexual intercourse. Falcone et  al.15 
reported a partner satisfaction rate of 60%. 
Neuville et al.,14 used validated questionnaires to 
assess patient outcomes although the question-
naires had not been validated in TGNB individu-
als (Table 2). The mean international index of 
erectile function-5 (IIEF-5) score was 20.2/25 
(SD, 7.9); self-esteem and relationship score 
(SEAR) was 84.5/100 (SD, 9.9); erectile 
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dysfunction inventory of treatment satisfaction 
(EDITS) score was 82/100 (SD,17.5). Overall, 
92.8% were satisfied or very satisfied with the ZSI 
475 FTM device, and 85.7% had regular pene-
trative sexual intercourse.

Discussion

Principal findings
Fifteen studies that fulfilled the inclusion criteria 
evaluating IPPs in AFAB patients were summa-
rised. Some of these studies evaluated both IPPs 
and malleable implants. Dynaflex devices were 
used in earlier studies, but these have been discon-
tinued. Contemporary studies have mostly 
adapted the 3-piece IPPs from Boston Scientific 
and Coloplast for use in the TGNB population. 
Recently, a single-cylinder penile implant (ZSI 
475 FTM) specifically designed for the TGNB 
neophallus has been introduced with good short-
term outcomes reported.11,14 These devices have a 
large implantation base for pubic bone fixation, a 
realistically shaped glans, and a pump shaped like 
a testicle.14 The infection and mechanical failure 
rates reported by the included studies were mostly 
under 30%. Contemporary devices are now coated 
with antibiotics via a hydrophilic coating or the 
Boston Scientific InhibiZoneTM to reduce the risk 
of infection further.22 Revision rates varied 
between 9.1% and 43.3%. These figures depend 
on the type of implants used, and the follow-up 
duration. Studies with short follow-up may not 
have captured long-term complications such as 

mechanical failure, so revision/replacement rates 
may be under-reported in those studies.

Senior authors’ experience
Current practice at our centre is to insert an IPP 
at least 6 months after phalloplasty with urethral 
lengthening (if desired). This provides sufficient 
time for the urethra to completely heal and some 
cutaneous sensation to develop. The choice of 
IPP depends on patient preference following 
appropriate counselling. The Boston Scientific 
AMS 700TM CX or AMS AmbicorTM, Coloplast 
Titan Touch® and Rigicon Infla10TM are all 
offered. The anatomy of the patients’ neophallus 
and their preference usually dictate the number of 
cylinders used.

Peri-operative antibiotics used are intravenous 
gentamicin and co-amoxiclav. Skin preparation 
of the surgical field with alcoholic chlorhexidine 
(ChloraPrep™, Becton Dickinson,  Frankin 
Lakes, NJ) is performed prior to surgery. A 14-Fr 
urethral catheter is inserted and a groin incision 
in the skin crease on the side of the eventual pump 
placement is made and deepened to the pubic 
bone [Figure 3(a)]. Three J-needle 1 polyester 
(Ethibond™) sutures are inserted into the pubic 
bone in two rows (as an inverted L) ~2 cm apart 
for each cylinder to anchor the prosthesis.23

Placing the anchoring sutures can be challenging 
especially if there is thick subcutaneous fat. 
Patients are encouraged to have a body mass 

Figure 3.  Intra-operative images of an inflatable penile prosthesis insertion into a neophallus. (a) A groin 
incision in the skin crease on the side of the eventual pump placement is made and deepened to the pubic 
bone. (b) A polyethylene terephthalate cap is used to cover the proximal and distal cylinder ends. (c) A 
contralateral incision in the groin is made for the testis insertion. A separate lower right abdominal is used for 
the reservoir placement. The urinary catheter is removed on post-operative day 1 and the implant is left semi-
inflated for 1–2 weeks.
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index of 30 (or below) to facilitate this. Three 
patients in the last 23 years in our group of 
patients (>700 new IPP insertions) suffered bone 
pain from Dacron sock anchorage without infec-
tion. It didn’t resolve with pain management, so 
device was removed eventually and not replaced. 
One patient in the same time period had osteo-
myelitis of the pubic bone requiring drilling of the 
bone to release pus and extended antibiotics for 
around 5 weeks. He has since had another IPP 
without any problems.

Following anchorage, sequential dilatation of the 
neophallus is then performed with Hegar dilators 
up to size 18 to create space for the cylinder(s) 
and the polyethylene terephthalate (Silver-coated 
Dacron™) cap (see below). Care should be taken 
to avoid injury to the structures within the neoph-
allus including the urethra, vascular pedicle and 
nerves. Knowledge of the original operation and 
access to the original operation note are most 
important. We don’t do intra-operative doppler 
or other scanning as this is not practical. Careful 
dilation is the key. If using scissors to make the 
initial space, then one must not open and then 
close the scissors inside the phallus as that might 
divide vessels. Gentle dilation is the key and if the 
phallus is fibrotic, then we do not over dilate. We 
dilate to 18 mm diameter Hegar if using Dacron 
cap. However, if there’s a fibrotic phallus, we stop 
at 12/13 mm diameter Hegar and we do not 
attempt to insert a Dacron cap. This also avoids 
urethral rupture. There is usually a space between 
the urethral portion of the flap and the phallus 
portion of the flap where it is relatively easy to 
dilate, that is, much less resistance.

Following dilatation, the neophallus length is 
measured from its tip to the pubis, and the size of 
cylinder is chosen accordingly. A Dacron-sock is 
fashioned to cover the proximal cylinder(s) and 
tubing for additional stability. A similar polyeth-
ylene terephthalate cap [Figure 3(b)] is fashioned 
to incorporate the distal end of the cylinder to 
prevent hypermobility and erosion. The 
cylinder(s) is placed as usual using a Furlow 
introducer and Keith needle. The Dacron sock is 
then anchored to the pubic bone using the pre-
placed one polyester sutures. The pump of the 
device is placed within the neo-scrotum or the 
labia majora on the side preferred by the patient. 
The reservoir is placed in the retroperitoneum via 
a counter-incision similar to an appendicectomy 
(muscle-splitting) incision. The components are 
then connected and the wound closed in layers.15 

The cylinder(s) is left semi-inflated for 1–2 weeks 
to maintain the position while a capsule forms 
[Figure 3(c)]. At the same time as the IPP place-
ment, a testicular prosthesis is inserted into the 
contralateral side through a separate groin inci-
sion. The catheter is removed on post-operative 
day 1 and the patient is discharged on oral co-
amoxiclav for 5 days. The patient is taught how to 
cycle the IPP and encouraged to cycle the device 
as soon as it is comfortable enough. They can 
commence sexual intercourse after 6 weeks.

In summary, the challenge of IPP placement in 
the neophallus for AFAB individuals derives from 
the lack of native anatomical structures to guide 
placement of the device. Most devices must be 
adapted for use in the TGNB population. The 
ZSI 475 FTM device holds promise but it is not 
FDA-approved and there is limited experience 
with the device for now.

Limitations
The reporting of complications and outcomes 
was not standardised. All studies did not use vali-
dated questionnaires to evaluate patient satisfac-
tion because there are none available for the 
TGNB population. There was an evolution of 
techniques and the types of implants used in the 
included studies that covered a 25-year period 
between 1997 and 2022. In addition, the follow-
up duration was not standardised and often quite 
short. Therefore, the aggregated rates of specific 
complications reported here do not correlate with 
specific techniques or type of implants used, and 
low rates of complications reported by studies 
may be associated with the limited follow-up. 
Going forward, a multi-institutional patient regis-
try may provide standardised reporting of data for 
surgical outcomes and patient satisfaction in 
TGNB individuals. The registry should be com-
plemented by patient-reported outcomes ques-
tionnaires validated for this cohort of patients.

Conclusions
IPP implantation in a neophallus constructed for 
TGNB individuals is commonly sought to achieve 
rigidity for sexual intercourse. However, this is a 
challenging procedure due to the lack of anatomi-
cal landmarks and tenuous blood supply of the 
neophallus and urethra. The operation is associ-
ated with significant risks of complication. 
Despite this, good patient and partner satisfaction 
are reported.
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