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Introduction

In 2012 the World Professional Association Transgender 
Health (WPATH) highlighted the standards of care and 
defined the structured therapeutic paths for transgender 
patients requiring genital gender affirming surgery 
(GGAS) (1). 

The main goal of GGAS in transgender males is to 
provide patients with an aesthetic neophallus that should 
allow standing micturition and enabling penetrative 
intercourse along with erogenous and tactile sensitivity  

(2-8). These qualities should be attainable using both safe 
and reproducible techniques, performed in the fewest 
number of surgical stages. The ideal technique for total 
phallic construction (TPC) has not yet been demonstrated; 
neophallus formation remains complicated as yet there are 
no perfect replacement materials for erectile and urethral 
tissues (9-15). Several procedures and different type of flaps 
have been proposed and investigated over time to address 
TPC, each with their inherent pros and cons. Whilst a 
shared consensus about the ideal reconstructive technique is 
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still lacking (16,17) This systematic review aims to provide 
the readers with a contemporary overview of surgical 
procedures for TPC in transgender males. We present the 
following article in accordance with the PRISMA checklist 
(available at: http://dx.doi.org/10.21037/tau-20-1340).

Methods

Study characteristics and acquisition of evidence

The review was conducted in accordance with the PRISMA 
declaration standards for systematic reviews (18). A systematic 
search for the MeSH terms “phalloplasty”, “transgender 
men”, “neophallus”, “genital gender affirming surgery” was 
carried out in PubMed, EMBASE, Cochrane, SCOPUS and 
Science Citation Index databases. No time-related limits were 
applied. Phalloplasty techniques considered in the present 
review included the radial artery forearm free flap (RAFFF), 
abdominal suprapubic pedicled flap (SPP), anterolateral thigh 
flap (ALT), latissimus dorsi flap (LDF), fibular osteocutaneous 
flap (FOFF) and the local groin flap (GF).

Al l  a va i l ab l e  s e r i e s  d i s cu s s ing  r e su l t s  o f  the 
aforementioned techniques in transgender men were 
included. Review papers, commentaries, editorials, letters, 
case-reports, non-English papers, studies on animal, 
genetic males or cadavers were excluded. Research results 
were screened by titles, abstracts and full texts by two 

reviewers (MP and MF) independently. Disagreement 
between the reviewers was resolved by discussion and 
consensus involving a third investigator (MT). Data analysis 
was conducted for each specific technique considering 
outcomes, complication and patient satisfaction rates.

Results

The selection process is summarised in Figure 1. The initial 
literature search retrieved a total of 237 potentially relevant 
articles. A total of 127 articles were excluded due to unmet 
inclusion criteria. A total of 107 articles were ultimately 
included in the present review. More than 750 transgender 
men whom underwent phalloplasty were included.

For each technique the current evidence on the key 
surgical steps, as well as surgical and functional outcomes 
were included.

Radial forearm free flap (RAFFF)

Despite the lack of well-structured comparative studies 
supporting the superiority of RAFFF over others flaps, 
RAFFF phalloplasty is currently considered as the gold 
standard techniques for TPC by most reconstructive 
surgeons (2,4,8,9,14,16,19-25).

Chang and Hwang descr ibed the  f i r s t  RAFFF 
phalloplasty in 1984 (26). In 1993 their technique was 

Figure 1 Selec+on process of the systema+c review according to STROBE check-list.
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modified by Gottlieb and Levine. The design of the flap was 
slightly modified, placing the neourethra over the course 
of the radial artery in order to reduce the risk of ischaemic 
urethral complications (27). Both techniques apply the 
“tube-within-tube” principle with which the construction of 
the neourethra and neophallus is performed in a single stage 
procedure (9,26,27).

RAFFF is supplied by the radial artery and drained by 
several veins (cephalic, basilic, venae comitantes and lateral 
flap veins). Flap sensation is supplied by the medial and 
lateral cutaneous nerve of the forearm.

RAFFF possesses some advantages including thin and 
pliable skin, a long vascular pedicle with good caliber 
blood vessels. The main drawback of RAFFF is its donor-
site morbidity because nearly two-thirds of the forearm 
circumference is harvested. This area requires coverage 
with either full or split-thickness skin grafts, which may 
create sizeable scarring (9,26,28). Other disadvantages 
include discolouration between the flap and surrounding 
genital skin (3,29), need for a stiffener or prosthesis to allow 
penetrative intercourse and relatively high rate of urethral 
complications (2,14,16,24,29).

Surgical steps

Although various configurations are possible, our preferred 
approach for RAFFF phalloplasty is completion in three 
stages as follows:

(I) Flap harvesting and transfer;
(II) Glans sculpture, vaginectomy, urethral anastomosis 

and scrotoplasty;
(III) Penile prosthesis implantation (PPI).

Step 1—Flap harvesting and transfer
Usually, the non-dominant forearm is selected as the donor-
site. A preoperative Allen test or a duplex ultrasonography 
(when Allen test is in doubt) are mandatory to confirm the 
ulnar artery patency (30).

RAFFF is generally composed of a medial strip to form 
the neourethra plus a lateral paddle that is rolled around 
the neourethra to form the neophallus, following the “tube 
within a tube” principle. The medial strip is tubularised 
over a 16-F catheter to create the neourethra. The radial 
artery is dissected carefully up to its origin from the brachial 
artery. Interosseus and ulnar branches are spared. The flap 
remains attached until the recipient vessels are prepared. A 
microsurgical anastomosis is subsequently performed. The 
radial artery is anastomosed with the deep branch of the 

inferior epigastric artery in an end-to-end fashion or with 
the femoral artery in an end-to-side configuration. The 
cephalic vein is anastomosed with the great saphenous vein 
(end-to-end), while accessory flap veins (basilic or lateral 
flap) are joined either to the accessory saphenous vein or to 
the venae comitantes of the epigastric artery. The cutaneous 
nerves of the flap are coapted to one of the ilioinguinal 
nerves to provide tactile sensation and to one of the dorsal 
clitoral nerves to ensure erogenous sensation (31,32).

To provide sufficient rigidity for the phallus, a modified 
technique incorporated a portion of radial bone (radial 
forearm osteocutaneous flap) and was proposed by Kim 
et al. (17,19). However, issues involving bone resorption 
became apparent over time. This approach has subsequently 
gone out of favour with many surgeons. 

Step 2—Glans sculpture, vaginectomy, urethral 
anastomosis and scrotoplasty
To provide a more realistic cosmetic aspect to the phallus, 
glans sculpture is performed creating a pseudo-corona of 
the glans. The Norfolk technique and its modifications are 
the most frequently applied (12,14,33,34). A full-thickness 
skin graft is harvested from the supero-anterior iliac spine 
and used to create the coronal sulcus. 

The anastomosis between the neourethra and the native 
urethra (pars fixa) can be performed either during the first 
surgical stage or in this second stage (which is currently our 
preferred option). In both cases, an end to end anastomosis 
is performed using a combination of local labial flaps and a 
rotated anterior-wall vaginal flap over a 16 French stent. A 
Martius’ fat pad is mobilised over the urethral anastomosis 
to minimize fistula formation. The clitoris is de-epithelised, 
mobilised and hidden at the base of the neophallus (35,36). 
An ablation vaginectomy with simultaneous scrotoplasty is 
be performed suturing the labia majora along the midline 
(37,38).

Step 3—Penile prosthesis implantation (PPI)
The last stage is the insertion of a penile implant to provide 
the necessary rigidity for penetrative intercourse.

Outcomes

Due to its high complexity RAFFF phalloplasty is not free 
from complications. Local tissue ischaemic complications 
in free-flaps TPC may range from 5% to 11% (1,24,27). 
Complete flap loss and partial flap loss or distal necrosis 
after RAFFF range from 1.5–5% and 5.4–11% respectively 
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(24,37,39,40).  The revision rate of microvascular 
anastomosis is not to be neglected; Doornaert et al. reported 
a need for revision in 11% of RAFFF flaps (16). De Wolf 
et al. have recently proposed a technique involving the 
posterior interosseous artery to supercharge RAFFF blood 
supply. This new described procedure seems to enhance 
RAFFF perfusion and to minimize marginal necrosis (41).

Donor site morbidity includes graft failure requiring 
re-grafting in 2.7% of cases (9,25,28,42). Urethral 
compl icat ions  are  the  most  f requent ly  reported 
complication, ranging from 32% to 58% (36,38,43). 
Urethrocutaneous fistula formation and urethral strictures 
occur in up to 26–30% and 8–12% respectively. These 
require urethral revision surgery in 17% of cases (22,37,38). 

RAFFF phalloplasty outcomes are generally satisfactory. 
87% of patients  report  neophallus sensation and 
approximately 80% achieve orgasm. Satisfaction rates 
for cosmetic appearance have been described up to 97% 
(6,9,17,44). Most (75–100%) of patients can void in the 
standing position (22,24,26,36,45,46). 

Abdominal flap—SPP

The abdominal region is a suitable donor site for many 
pedicled flaps to apply in genital reconstructive surgery. 
A large amount of pliable skin flaps could be harvested 
and the donor site could be closed primarily or with the 
assistance of local rotational flaps. Donor-site scar is often 
easily concealed by clothing and underwear. Some authors 
suggested that SPP could be considered as a valid alternative 
to a free-flap TPC in case of active smokers or when the 
BMI is over 30, in order to reduce the risk of wound and 
vascular complications (47).

The first abdominal flap description for TPC, in 1936, 
was made by Bogoras (48), who reported the use of a 
random pedicled abdominal flap with incorporated rib 
cartilage. From his first experience, several authors have 
published refinements of his approach in GGAS setting. 

Maltz and Gillies/Harrisson improved Bogoras’ 
technique by incorporating a neourethra into the phallus 
(49,50). Initially most abdominal flaps were based on the 
deep inferior epigastric perforator artery (DIEP) (38,51,52). 
Despite being described, surgical and functional outcomes 
related to these techniques are unfortunately lacking in the 
literature. There are several limitations of these techniques 
including the need for multiple procedures, extensive donor 
site scarring as well as a wedge-shaped and non-sensate 
neophallus. 

More recently a further modification of the abdominal 
flap, the suprapubic pedicled phalloplasty (SPP) was 
reported by Bettocchi et al. (53). 

Surgical steps 

Different techniques can be considered to fashion a SPP. 
The original description (53) and a recent modification by 
Falcone et al. (47) were based on a single stage procedure. 
Falcone’s version involved harvesting a flap from the 
anterior abdominal wall starting from the base of the 
clitoris. A rectangular shaped skin area (on average 12 cm  
wide and 13 cm long) with a rounded end is marked. If 
possible, the superficial external pudendal vessels should be 
included into the flap pedicle. Once the flap is mobilised up 
to the underlying muscle fascia, redundant subcutaneous 
tissue is trimmed, if necessary (79% of cases), to improve 
final cosmesis and to reduce tension once the flap is 
tubularized (47). The abdominal defect can be closed 
primarily or by the use of two rotational pedicled flaps to 
minimize wound tension (70%) (47).

Urethral reconstruction can occur within the SPP 
in a separate stage. Initially total length urethroplasty 
was attempted, utilising genital or abdominal skin flaps. 
However, these approaches incurred a high incidence of 
complications such as fistulas (from 22% up to 55%) and 
strictures (from 27% up to 64%) (3,45,47,54,55) and were 
therefore abandoned.

Garaffa et al. described a second stage radial artery based 
urethroplasty (RAU) whereby a neo-urethra is incorporated 
into the SPP. Despite some donor-site morbidity, RAU 
affords lower urethral complications (stricture and fistula up 
to 12%) (45).

Terrier et al. described the use of an abdominal tissue 
expander, dividing the operation into three separate stages, 
aiming to reduce the risk of ischaemic complications (54). 

Glans sculpting, join-up urethroplasty, vaginectomy 
and scrotoplasty follow the previously described steps for 
RAFFF.

Outcomes

SPP postoperative complications include wound infection 
(9.9–40%), shearing sutures (5.8–69.2%), need for 
regrafting (7.4%) (3,37,52,53), distal flap necrosis (3.8–
5.8%) (54,55), need for surgical revision [8.7% (54), 29% 
(52)] and uncommonly complete flap loss (3.5%) (47). 

Distal flap ischaemia can be managed by segmental 
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amputation, often preserving an acceptable residual length 
of the neo-phallus (47). 

Whils t  peni le  implants  have  their  own l i s t  of 
complications, occasionally [up to 19.6% of cases (3,47)] 
SPP may result in sufficient rigidity for penetrative sexual 
intercourse without the need for implant surgery.

SPP satisfaction rates are quite acceptable compared 
to other phalloplasty series, with 57% to 95% of patients 
describing overall satisfaction (3,47,53,54) with their 
choice. Eighty-three percent report satisfaction with the 
final appearance of the phallus and 89% would recommend 
or undergo the same procedure again (53). Functional 
outcomes are also quite satisfactory: 79% of patients 
reported to have a satisfying sexual life and 55–66% 
reported being able to reach orgasm (53,54).

ALT flap

An alternative to the popular RAFFF is the ALT flap 
phalloplasty. ALT was initially described in 1965 as a free 
flap, while later an ALT pedicled flap was reported as a 
single step procedure (40,56). The latter is attractive due to 
the lack of requirement for microsurgical techniques and 
for reduced operative times (3,40,56,57).

ALT advantages include: 
 smaller, less exposed and more discreet donor site 

scar, easily concealable with clothes;
 reduced risk of total flap failure (when pedicled);
 skin color match of the phallus with genital area; 
 absence of any sacrifice of a major vascular pedicle 

(39,40,57,58).
On the other hand the main drawbacks of pedicled ALT 

flap are: 
 although concealable, a significant donor site defect 

exists which require skin grafting;
 inability to create single stage incorporated urethra 

if the skin thickness >1 cm (7,40), with subsequent 
requirement for combination flap phalloplasty (41);

 comparatively low sensation, relying on a single 
cutaneous nerve.

ALT flap blood supply relies on the cutaneous perforators 
of the descending branch of the lateral circumflex femoral 
artery (LCFA) and the flap is innervated by the lateral 
femoral cutaneous nerve (40). The high anatomical 
variability in ALT flap perforators vessels was considered an 
issue by many authors but recent evidence has demonstrated 
otherwise (3,57). In a large series, Wei reported the absence 
of suitable perforator vessels in less than 1% of cases (57,59). 

During the preoperative evaluation, van der Sluis et al. 
demonstrated that CT angiography and Doppler ultrasound 
can facilitate perforator vessel selection based on the patient’s 
anatomical features (39). One perforator vessel, adequate in 
diameter, has generally proved to suffice for the perfusion of 
a large skin paddle, so partial and total flap losses have been 
recorded less frequently than after RAFFF (7,39,40).

ALT flap erogenous sensation is provided by the 
inclusion of the lateral femoral cutaneous nerve (56). This 
nerve is coapted to the ilioinguinal and dorsal nerves of the 
clitoris providing tactile and erogenous sensitivity of the 
flap. Tactile sensation usually is established after 6 months 
from TPC (7,40).

Surgical steps and outcomes

Preoperatively, perforator vessels from the descending 
branch of the LCFA are identified and marked on the skin 
with a doppler probe and/or CT angiography. The antero-
superior iliac spine and the lateral border of the patella 
are linked with a line corresponding to the intermuscular 
septum between rectus femoris and vastus lateralis. The 
septum is just medial to the perforator vessels. The ALT 
flap has a rectangular shape of 10–12 or 11–14 cm and it is 
marked on the side with the preferred vascular supply.

The surgical incision is performed 3 cm anteriorly to 
the septum on the medial edge of the donor area. The 
anatomical dissection is performed subfascially to identify 
the perforator vessels. Once the major perforator vessel is 
located, the dissection of the vascular pedicle is performed 
through the muscle or the septum to reach the descending 
branch of the LCFA. Motor branches of the femoral nerve 
should be separated while the lateral femoral cutaneous 
nerve is included in the flap. At the end of the pedicle 
dissection, the identified flap is incised and harvested 
suprafascially, leaving only a small amount of protective 
fascia around the perforator pedicle. A V or W shaped skin 
incision is made on the pubis and the flap is passed under 
the rectus femoris and sartorius muscles. The flap is thus 
transposed to the genital area. The flap is tubularised and 
minor adjustments are required depending on the flap 
thickness and need for simultaneous urethral reconstruction. 
It the flap is too thick for a tension-free primary closure, 
it can be thinned to avoid venous congestion during 
tubularisation. The donor site area is reduced by primary 
closure where possible and then a STSG, harvested from 
the contralateral thigh, is applied to the resulting defect.

The flap end of the lateral femoral cutaneous nerve is 
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coapted with the ileo-pubic, ilioinguinal nerves or with the 
dorsal nerves of the clitoris. Subsequently a glans sculpture 
and join-up urethroplasty are simultaneously performed. 
In 2014, Morrison et al. described the Mushroom flap 
technique, with a semicircular extension at the distal 
portion of the flap to incorporate a glans structure. The 
final surgical step again involves PPI (12,14,56,60).

ALT flap can be performed with either concomitant or 
delayed urethral reconstruction. 

Different techniques have been described (61): 
 ALT tubularised with a “the tube within a tube” 

technique (40,62);
 ALT flap combined with a skin graft or periclitoral 

hairless cutaneous flap (57);
 ALT flap combined with RAFFF (39,40);
 ALT flap combined with a pedicled superficial 

circumflex iliac artery perforator flap.
The tube within a tube technique is recommended only 

for patients with a thin layer of subcutaneous fat in the flap, 
ideally less than 1.5 cm. Thicker tissues can cause difficulties 
with rolling the tube twice in a single stage procedure. 
Some authors therefore prefer a two stage procedure with 
an interval time period of 6–8 months (40,62).

Published data of ALT phalloplasty outcomes are 
limited, but encouraging. The ability to micturate in 
standing position has been reported in more than 65% of 
cases, penetrative intercourse in 60% and a high grade (up 
to 100%) of satisfaction with the aesthetic appearance of the 
phallus were recorded (3,37).

Some authors have compared ALT and RAFFF 
complication rates. The results of these series were in 
contrast as Fischer demonstrated that patients undergoing 
RAFFF experienced greater complications than ALT free 
flap in terms of donor-site complications (35% vs. 12%) 
and wound dehiscence (30% vs. 5%). While Ascha et al. 
reported a higher rate of urethral fistula (22 % vs. 10%) and 
flap dehiscence (9.5% vs. 2%) after the pedicled ALT flap 
compared with RAFFF (43). The authors suggested that 
the thicker amount of subdermal fat in the thigh leads to 
increased tissue ischaemia, explaining the variance in results. 
Pedicled ALT defatting could reduce flap thickness and make 
easier neophallus tubularisation but it increases the risk of 
vascular complications such as partial flap loss (43,62).

Urethral-related complications are unfortunately 
reasonably common fol lowing ALT pedicled f lap 
phalloplasty, including both fistulas (often at the junction 
between the phallic urethra and the pars fixa of the female 
urethra) and strictures. Overall, rates of fistulae and 

strictures approximate 22% and 7% respectively (3,62). 
Surgical repair of fistulae is not always mandatory; 

spontaneous resolution was reported in 35.7% of cases 
within 2 months by Nikolavsky et al. in 2007 (63). On the 
other hand, strictures, commonly required revision surgery 
and re-urethroplasty.

LDF (MLD)

The MLD free flap has demonstrated favourable results 
in TPC. MLD has a reliable and suitable anatomy to fulfil 
both aesthetic and functional goals of phalloplasty (64).

Acceptable and concealable donor site scar, adequate 
length of the neurovascular bundle, large available flap 
donor area and the final aesthetic genital appearance 
and functional results (sexual intercourse and standing 
micturition) are among the main advantages of MLD 
(37,64,65). However, downsides of the MLD flap include a 
potentially bulky phallus and the lack of sensitivity (<20% 
of cases reported tactile sensation) (66). MLD flap blood 
supply relies on the thoracodorsal artery and veins and is 
innervated by the thoracodorsal motor nerve (65,66).

As for the other TPC techniques, following neophallus 
creation, additional stages include glans sculpture, 
lengthening or joining-up urethroplasty and PPI. These 
manoeuvres should be performed, according to patient's 
requests, some months (4–6 in general) following the 
primary procedure. 

To report that the glans can either be included in the 
main procedure design through a distal 5 cm area and a  
1 cm de-epithelialised skin strip which recreate respectively 
the glans and the coronal sulcus (65).

Surgical steps and outcomes

Prior to surgery, some authors recommend massage 
treatment to the donor, non-dominant site, for at least  
3 months, to improve skin elasticity and allow direct closure 
(38,66). In obese patients, the donor area may be treated 
with liposuction to improve final graft appearance (65). The 
patient is placed in an upper torso full lateral position at 
90° while the pelvis is rotated by 30°, to allow the surgeon 
access to the recipient site and blood vessels (38). Anterior 
and superior muscle edges and the thoracodorsal pedicle 
skin-projection are marked. MLD flap size is shaped 
according to general adult population penile measures  
(11–15 cm wide and 13–18 cm long) (65-67).

On the anterior side of the flap, the dissection is 
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conducted down to the deep fascia developing the plane 
between latissimus dorsi and anterior serratus muscles. All 
of the large posterior branches of the intercostal vessels 
are ligated and divided and MLD neurovascular pedicle is 
progressively isolated up to the axillary vessels. Once the 
flap is completely isolated, before neurovascular pedicle 
transection, the muscle layer of latissimus dorsi is fixed to 
the skin to prevent layer separation during the following 
steps and the flap is finally tubularised (68).

The tubularised MLD flap is then detached from the 
axillary region and the donor site is closed directly by 
approximating its edges or in some cases with additional 
skin grafting. The phallus is transferred to the mons pubis, 
already prepared with a Y-shaped incision, where it is fixed. 
The flaps vascular pedicle is passed through a subcutaneous 
tunnel to the thigh and microsurgical anastomoses are 
performed between the thoracodorsal and femoral arteries 
(end to side) and thoracodorsal and saphenous veins (end to 
end). Alternatively, the deep inferior epigastric artery and 
vein can be used for vascular connections. The thoracodorsal 
nerve is coapted with ilioinguinal or obturator nerves (65-67).

Postoperatively, a purpose designed dressing that keeps 
the neophallus elevated is recommended, predominantly 
to prevent pedicle kinking for the first 7–10 days. Flap 
viability is evaluated by clinical examination (skin colour, 
local temperature, capillary refill and through pocket doppler 
device scan) (37,65,66). Vessely recommended postoperative 
electrostimulation of the motor nerve at least 3 times a week 
for at least 6 months. Electrogymnastics is useful for gaining 
satisfactory voluntary movement of the flap muscle (67). 
Ranno et al. reported that 82% of cases were able to efficiently 
contract the muscle after a mean follow-up of 4 months even if 
it is unpractical for penetrative intercourse (68).

Urethral reconstruction begins from the pars-fixa. Well 
vascularised periurethral skin flaps from labia minora, dorsal 
clitoral skin and anterior vaginal wall are mobilised, joined to 
the original urethral plate and tubularised over a 14F catheter. 
Subcutaneous tissues and Martius’ flaps are employed 
used to strengthen the neourethral wall while the labia 
majora are joined in the midline to create the scrotum (66).  
The reconstruction of the distal neourethra usually follows 
staged procedures. A full-thickness skin graft using a 
hairless region of the medial arm or buccal mucosa graft 
can be used in a staged Johansen type procedure. Following 
a ventral incision, adequate space for the graft is prepared. 
Skin or buccal grafts are quilted down to prevent movement 
and graft loss. Some months later, the lateral edges of the 
neo-urethral plate are incised and tubularised on a 14-16F; 

this can then be anatomised to the proximal urethra (37,66). 
The clitoris is de-epithelialised, detached from the 

pubic bone and fixed at the base of the neophallus. After 
urethral construction a suprapubic catheter is used to drain 
the bladder. After 3 weeks, urethral healing and absence 
of urethro-cutaneous fistula are confirmed with voiding 
urethrography.

From a cosmesis perspective, the majority of patients 
(94–100%) are satisfied with the their male genitalia after 
MLD (46,66). In one study, all patients reported erogenous 
sensation and orgasms based on clitoral stimulation (66). 
Adequate urinary function in standing position has been 
described in all patients (3).

Vascular thrombosis have been fortunately uncommon 
at 3.8%, while more common MLD complications 
include fistula formation (13–34%), urethral stricture 
(40%), haematoma (13–23%) and excessive swelling of 
the neophallus (6–11%) (3,66-68). Urethral and vascular 
complications in the majority of cases (75%) required 
revision surgery (66). 

FOFF

FOFF is alternative option for TPR. From 1993, Sadove 
et al. started using FOFF for phalloplasty relying on the 
intrinsic rigidity of the flap (based on an autologous bone 
transfer) and its superior length of the vascular pedicle 
(37,69-72).

FOFF is based on the peroneal artery and vein and 
their perforating vessels. The flap fibular bone component 
affords phallic rigidity without the need of penile prosthesis. 
However, Colebunders et al. reported that the persistent 
erection of the flap and a pointed distal part deformity could 
generate discomfort and complaints (40,58). 

Since the skin of the fibular flap is somewhat stiff and 
not free to be rolled on itself to create the neourethra, some 
authors have proposed to prelaminate the neourethra with 
STSG 6 months prior to the FOFF (71-74). Donor site 
scarring is much reduced compared to other flap options, 
and can be easily covered by a sock or long trousers (75).

Surgical steps and outcomes

During the preoperative evaluation, a doppler ultrasound 
scan is used to identify any anatomical vascular variations. 
Strauch reported that in up to 8% of cases the peroneal 
artery takes the place of the posterior tibial artery and 
therefore, if FOFF is harvested, the blood supply of the leg 
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could be compromised. In case of doubt, angiography is a 
second level investigational option (76).

As described previously, 6 months prior to FOFF 
harvesting, the donor-site is prelaminated to create the 
neourethra. A tunnel is bluntly dissected in the donor leg.

A hairless skin flap, either from the inner aspect of the 
upper arm or chest wall or proximal thigh (71,72,74), is 
harvested. The skin flap is then rolled over a catheter and 
the neourethra is transferred to the suprafascial tunnel 
on the lateral aspect of the leg. Afterwards, the fibula, 
together with its neurovascular components (artery with 
septocutaneous perforators and lateral sural cutaneous 
nerve (LSCN) as well as the overlying skin), are marked 
out (69-71). The surgical incision is deepened up to the 
subfascial layer and the posterior intermuscular septum is 
dissected, without damaging the septocutaneous branches. 
A fibular osteotomy is performed leaving in situ some 
amount of bone to guarantee joint stability (69,70). Hage  
et al. have suggested to harvest a bone segment 2 cm longer 
than FOFF to improve proximal fixation to pubic bone 
and consequent phallus rigidity (72). The vascular pedicle 
(fibular artery and vein) can thereafter be identified and 
dissected up to its origin from the posterior tibial artery 
and vein. Once harvested, the flap is rolled up to cover the 
fibula in a tension free manner. The flap is moved to the 
pubic area where it is fixed to the pubic periosteum and flap 
vessels are microsurgically anastomosed to the recipient 
femoral artery and saphenous vein. Similarly, the LSCN is 
coapted to one dorsal nerves of the clitoris. Since LSCN 
and clitoral nerves coaption often results in poor erogenous 
phallic sensation, it is highly suggested that the contralateral 
clitoral nerve should be preserved (70-72,75). The donor 
site is covered by full-thickness skin graft (74).

Approximately 2–3 months after the main procedure, 
an end-to-end anastomosis between the prelaminated 
neourethra and the native urethra is performed (71,74). The 
vast majority of patients seem satisfied with the overall result 
of their TPR. Ninety percent of patients report adequate 
urinary function while standing and successful penetrative 
intercourse in 52% of cases after FOFF (3). Although FOFF 
is a microsurgical free flap procedure, probably due to the 
long available vascular pedicle and direct anastomoses with 
large caliber recipient vessels, vascular complications have 
infrequently occurred. Overall complete loss and partial 
flap loss or distal necrosis are respectively reported in 1.5% 
and 11.9% of cases with a need of vascular surgical revision 
rate of 18.7% (37,71). Infection and wound healing issues 
are reported in 6.2% and 12.5% of patients (71). Donor-

site morbidity from fibula grafting is minimal, although 
published reports are limited. All patients report alterated 
cutaneous sensation of the lateral aspect of the leg and 
foot due to the harvesting of LSCN (71,74,76), which is a 
unique complication for this option of phalloplasty flap. 

Similar to other TPR techniques, FOFF is frequently 
plagued by urinary complications. Before urethral 
prelamination, urethral strictures and fistulas occurred in 
up to 80% of cases, while now urethral fistula is reported 
in 9.6% and urethral stricture in 17% of cases (37,71,74). 
Although FOFF provides additional length and girth 
potential as well as inherent rigidity compared to RAFFF, 
phallus sensitivity is lower in case of FOFF even though 
many describe acceptable tactile and erogenous sensation 
(71,72,77,78).

GF

The GF was more commonly used prior to the development 
of microsurgical techniques. GF are pedicled and generally 
based on the iliac vessels. A lateral groin flap comprises thin 
hairless skin, which has an appearance similar to genital area 
skin. GF may therefore have a cosmetic advantage compared 
to free flaps. Donor site scarring can also be minimized 
as the area is easily concealable (79,80). On the other 
hand, reduced sensitivity, issues concerning micturition 
in standing position and penetrative intercourses are the 
main drawbacks of GF and they are similar to those of the 
abdominally pedicled flaps (80,81). Furthermore, donor-site 
morbidity after GF is not uncommon, changes in sensation 
of the thigh and hernias have been reported. 

Surgical steps and outcomes

In the preoperative setting a doppler ultrasound is used to 
outline the course of the superficial iliac circumflex artery 
(SICA) and in some cases deep iliac circumflex artery 
(DICA), which are marked up on the skin.

The SICA needs to extend beyond the anterosuperior 
iliac spine by at least 3–4 cm, if this condition is respected 
the donor area is designed including the iliac crest bone 
in its entire length. Some authors have proposed the use 
of a vascularised iliac bone flap for phallus rigidity. In this 
case, in addition to the SICA, it is necessary to isolate and 
include the DICA to ensure vascular support to the bone 
component (79-81). The flap pedicle is gently dissected 
up to the SICA origin from the femoral artery and the 
flap is harvested following the deep fascia layer reaching 
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the preperitoneal fat. An inguinal subcutaneous tunnel is 
created between the donor-site and the pubic area. The 
flap is transferred and tubularised. The procedure could be 
performed in one or two steps, likewise other abdominal 
flaps, and a skin-graft prefabricated urethra can be placed 
within the flap before its transfer (3,81,82). The distal part 
of the GF is shaped and closed while in case of prefabricated 
urethra, the anastomosis between the neourethra and the 
pars fixa is carried out with local labial flaps. Erogenous 
sensation of the neophallus is provided by the preserved 
clitoris, positioned at the base of the phallic shaft (81).

Data on complications and surgical outcomes of GF 
are very limited. As with all flaps, vascular complications 
are the most feared and distal necrosis is reported up to 
16% while total flap loss in 3% of cases. Urethral fistula is 
reported in 5.5% of patients. When reported, functional 
and satisfaction outcomes were adequate (3,80).

Clitoris management

Regardless of the TPC technique used, the surgical steps 
observed by the different surgical teams, it emerged, from 
literature, that the preservation of the clitoris and its 
innervation is mandatory. During the first surgical step, 
especially in the case of free-flaps TPC, clitoris is generally 
not included, at the same time, in the phallus. During 
the first surgical step, sensitive nerves from the flap could 
be coapted to one clitoral nerve in order to provide the 
neophallus with erogenous sensitivity (that will appear over 
the following months). During anatomical dissection and 
clitoral isolation, it is also essential not to damage both 
clitoral nerves in order to preserve the erogenous sensitivity 
and the ability to reach orgasm after TPC. Usually in 
the second surgical step, during join-up urethroplasty, 
vaginectomy and scrotoplasty, the clitoris is then moved 
and hidden at the base of the neo phallus. Despite clitoral 
mobilization, de-epithelization and distal mucosectomy, 
the clitoris maintains its function to transfer erogenous 
stimuli and thus allow the achievement of orgasm. Incorrect 
management of the clitoris could compromise functional 
results and patient satisfaction and therefore it is essential 
that maximum attention is paid to the clitoris and to the 
preservation of its function during the GGAS.

Discussion

TPR is a challenging and demanding procedure, with 
significant advances over the years to improve functional and 

aesthetic outcomes. Voiding while standing ability and an 
aesthetically appealing appearance of the neophallus are some 
of the top priorities in female to male confirming surgery (83).

Since smoking has been shown to increase the risk 
of vascular complications in microsurgical free-flap 
procedures, some authors advise to cease smoking some 
weeks/months before the procedure; there is no consensus 
concerning the ideal time to quit prior to surgery (84). 
Androgenic and testosterone-based therapies may increase 
thrombotic risk and should be discontinued at least 2 weeks 
before surgery. Finally, laser-based hair removal should be 
considered to minimise neo-urethral complications if the 
ulnar aspect of the forearm is particularly hairy.

The different procedures described can be distinguished 
into free-flaps (MLD, RAFFF and FOFF) and pedicled 
flaps (SPP, ALT and GF). All free-flap procedures have 
their relative disadvantage, such as donor site (e.g., forearm 
scarring in RAFFF) that could be considered a stigmata 
by patients (78). On the other hand, free-flaps have some 
advantages derived fromt their improved aesthetic result 
compared to the wedge shaped neophallus obtained with 
pedicled abdominal or groin flaps (85).

Given the absence of randomised controlled or 
comparative trials between the different surgical techniques 
and the lack of validated tools to analyse postoperative 
outcomes and complications, it is currently difficult to draw 
definitive conclusions on the best TPR technique. The 
different techniques meet the various needs of individual 
patients. Recently the demand for TPR seems to be on 
the rise (86,87); this trend could be an opportunity to 
coordinate larger-scale controlled prospective studies.

Conclusions

TPR is an evolving area aimed at improving the aesthetic 
and functional results of the neophallus. Whilst the true 
ideal neophallus does not yet exist, our efforts must be 
aimed at improving patient outcomes, whilst limiting 
the invasiveness, number of procedures and surgical 
complications.
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