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Phalloplasty was first described by Bogoras in 1936, and it
consisted of a pedicled abdominal tubed flap implanted with
rib cartilage.1 In 1946, Maltz reported the concept of phallo-
plasty with a “tube-within-a-tube” flap design, and it became
widely used.2 Since then, the use of various pedicled flaps,
such as the abdominal, scrotal, tubular thigh, andgracilisflaps,

has been reported.3–6 However, limitations have also been
reported for each technique, including the necessity of multi-
ple surgeries, unsatisfactory sensory recovery, impaired flap
circulation, and numerous scars at the donor site.3–6

Chang and Hwang first reported phalloplasty using a free
flap in 1984.7 The free radial forearm (RF) flap is thin and
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Abstract Background Various phalloplasty methods have been reported; however, a consen-
sus has not been reached. Therefore, we suggest an alternative algorithm for an ideal
phalloplasty considering the factors that affect flap selection.
Methods We retrospectively examined 32 phalloplasty cases of female-to-male
transgender. Flaps used for phalloplasty were classified into three groups as follows:
(1) radial forearm (RF) group, (2) anterolateral thigh (ALT) group, and (3) flap
combination (FC) group. Statistical analyses were performed to determine the signifi-
cance of age and body mass index (BMI) as well as differences in the rates of
postoperative complication, reoperation, esthetic acceptability, tactile or erogenous
sensibility, and the ability to urinate while standing.
Results Ten cases were included in the RF group and 7 and 15 cases in the ALT and FC
groups, respectively. With respect to BMI, the RF group (mean [standard deviation
(SD)]¼ 25.9 [3.3]) showed significantly higher BMI than the ALT (21.7 [0.9]) or FC
group (22.2 [4.5]). The RF (mean [SD]¼ 3.7 [0.4]) and ALT groups (3.5 [0.9]) had
significantly higher esthetic acceptability evaluation scores (from 1 to 4) than the FC
group (2.5 [1.2]). Moreover, the RF and ALT groups were superior than the FC group in
terms of tactile or erogenous sensibility rates.
Conclusion BMI effected flap choices for phalloplasty because of the correlation
between BMI and skin thickness. FC becomes an option between ALT flap and RF flap in
terms of flap choice based on BMI. Our alternative algorithm for an ideal phalloplasty
based on BMI will be useful for objective flap choices.
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soft, easily accommodates the sensory nerves, and has
produced satisfactory esthetic and functional results. Since
then, various types of flapmethods have been reported, such
as a dorsal pedisflap, deltoid flap, cricket bat flap, lateral arm
flap, fibula flap, pedicled iliac flap, an anterolateral thigh
(ALT) flap, and flap combination (FC) phalloplasty.8–15

The requirements for an ideal phalloplasty according to
Gilbert et al8 include the following: (1) a one-stage surgery,
(2) the ability to urinate while standing, (3) tactile or eroge-
nous sensibility, (4) enough bulk to tolerate the insertion of a
penile prosthesis, (5) esthetic acceptability, (6) a small and
inconspicuous scar at the flap donor site, and (7) no func-
tional loss at theflap donor site. Based on these criteria, from
a functional and esthetic perspective, phalloplasty using an
RF flap may provide the best outcome and has often been
reported as the gold standard.16 Recently, the ALT flap has
been reported as the second best choice, and its benefits
include the following: no need for expertise inmicrosurgery,
no visible scars, slight functional loss at the flap donor site,
and no sacrifice of major blood vessels.14,17–19

However, few reports have examined the indicators for
flap selection for an ideal phalloplasty. We present our
experience by retrospectively studying 32 female-to-male
transgenders (FTMTs) and examining the factors that affect-
ed flap selection. Furthermore, based on our results, we
suggest an algorithm for flap selection in phalloplasty.

Methods

In Japan, gender identity disorders have been diagnosed and
treated in accordance with their guidelines since 1996.
Various experts, including psychiatrists, urologists, gynecol-
ogists, plastic surgeons, and psychotherapists, joined to
establish standard diagnosis and treatment policies.20 This
study was approved by the ethics committee of the hospital
(study no. 2006–041). The participants were 32 FTMTs who
underwent flap phalloplasty under general anesthesia at the
gender center of the hospital between January 2001 and
June 2019. Informed consent was obtained from all study
participants. The flaps used in the phalloplasties were clas-
sified into the following groups: RF group (RF flap phallo-
plasty using a “tube-within-a-tube” flap design), ALT group
(ALT flap phalloplasty using a “tube-within-a-tube” flap
design), and FC group (multipleflaps collected and combined
for phalloplasty).2,7,14,15,17

Surgical Technique
Prior to phalloplasty, urethral distraction was performed
with a perineal flap, vaginal flap, or metoidioplasty. The
absence of fistula in the extended urethra was confirmed by
urethroscopy and urethrography. Hormone therapy was
discontinued 4 weeks before surgery, and smoking was
also interrupted 4weeks before surgery andwas not allowed
until 4 weeks postoperatively. Laser hair removal in the
planned flaps was performed prior to surgery. The thickness
of the flap collection site desired by the patient was mea-
sured by ultrasonic images, and a flapwith a thickness of 4 to
7mm from the epidermis to the fascia was selected.

RF flap phalloplasty used a “tube-within-a-tube” flap
design.2,7 The radial artery and concomitant veins were
anastomosed to the lateral circumflex femoral artery and
the accompanying veins in the RF flap. Two cutaneous nerves
of the RF flap were anastomosed with two dorsal clitoral
nerves.

Pedicled ALT flap phalloplasty also used a “tube-within-a-
tube” flap design. Multidetector row computed tomography
angiography (MDCTA) was preoperatively performed to con-
firm the location of two or more perforators that would be
included in the ALT flap. If dominant perforator vessels were
not identified, the contralateral ALT flap, RF flap, or FC was
alternatively selected. Two lateral femoral cutaneous nerves
of the ALT flap were anastomosed with two dorsal clitoral
nerves.

In FC phalloplasty, multiple flaps are used: the urethral
side is constructed with an RF flap, and the penile shaft is
covered with a deep inferior epigastric artery perforator
(DIEP) flap, a superficial circumflex iliac artery perforator
(SCIP) flap, or an ALT flap.15 Other combination patterns
include bilateral SCIP flaps, a DIEP and an ALT flaps, SCIP and
ALT flaps, an RF flap with SCIP and ALT flaps, and bilateral
DIEP flaps. Because containing the cutaneous nerves in the
flap when using DIEP and SCIP flaps is challenging, the
clitoris is fixed at the base of the reconstructed penis. In
this study, there were no specific criteria for flap selection.
The flap selection was decided following a discussion be-
tween the surgeon and the patient. In phalloplastywith RF or
ALT flaps, preoperative echo images confirmed that the flap
thickness was 4 to 6mm, so that intraoperative thinning of
theflapswas not required. In FC, thinningwas not performed
on RF flaps but the thickness of the flaps to be combinedwas
adjusted by thinning the ALT, SCIP, or DIEP flaps.

Postoperatively, the patients were placed on bed rest for
7 days. Anticoagulants (12,000 units of heparin sodium per
day for 7 days) were administered to patients with postop-
erative complications related to microsurgery. These includ-
ed cases of vascular reanastomosis or patients with a history
of thrombosis. All patientswerehospitalized for 2weeks. The
urinary catheter was removed 3weeks after the surgery. The
patients were instructed to self-dilate the reconstructed
penile urethra to elongate the vaginal urethra once a day
for 6 months postoperatively using a 14-Fr catheter.

All surgeries were performed in a single stage. The rate of
early postoperative complications occurring within 3 weeks
and late complications occurring 3 weeks postoperatively
were examined. Early postoperative complications included
thrombosis of vascular anastomosis and flap necrosis, and
late complications were fistula formation and urethral cal-
culus. Furthermore, the number and reasons for additional
surgeries performed were registered.

At least 6 months after surgery, the success rate of
phalloplasty was evaluated using the following three crite-
ria: (1) esthetic acceptability, (2) tactile or erogenous sensi-
bility of the phallus, and (3) ability to urinatewhile standing.
Esthetic acceptability was determined by two plastic sur-
geons specializing in genital medicine using a four-step
rating scale (1: strongly disagree, 2: disagree, 3: agree, and
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4: strongly agree). This rating scale for esthetic acceptability
considered the length, thickness, shape, and adequacy of the
reconstructed penis for the patient’s body size. For phallus
sensory evaluation, the patient was asked regarding the
existence or absence of tactile or erogenous sensibility.
The occurrence of urethral strictures and fistulas was exam-
ined by urethrography and urethroscopy 6 months postop-
eratively, and the ability to urinate while standing was also
documented.

Statistical analyses were performed using the Bell Curve
for Excel version 2.0 (Social Survey Research Information,
Tokyo, Japan). The Kruskal–Wallis test was performed to
determine the factors affecting flap selection in all three
phalloplasty groups. The factors considered for this analysis
were age, body mass index (BMI), thrombosis rate, flap
necrosis rate, fistula rate, calculus rate, fistulectomy rate,
open resection depilation rate, esthetic acceptability evalua-
tion score, tactile erogenous sensibility, and the ability to
urinate while standing. In addition, for each factor showing
significant differences between groups using the Kruskal–
Wallis test, the Mann–Whitney U-test was used to confirm
the significance of the observed difference. A p-value of 0.05
was considered significant.

Results

The types of reconstruction techniques performed consisted
of RF flaps, ALT flaps, and FC in 10, 7, and 15 patients,
respectively. Representative cases of each group are shown
in ►Fig. 1. In two cases, RF flap was changed to ALT flap due
to the negative Allen test results.

No significant differences between groups were found in
the rates of early and late postoperative complications or in
the rate of additional surgeries. In contrast, significant differ-
enceswere found in BMI, esthetic acceptability, and tactile or
erogenous sensibility (p<0.05; ►Table 1). In addition, these
variables were compared between the RF and ALT groups, RF
and FC groups, and ALT and FC groups using the Mann–
Whitney U-test. Significant differences were observed for
BMI between the RF and FC groups (p<0.05) and between
the RF and ALT groups (p<0.05).

The RF group had a higher BMI value than the other two
groups (►Fig. 2). With respect to esthetic acceptability, the
FC group had the lowest score among the three groups, and a
significant difference was observed between the RF and FC
groups (p<0.05; ►Fig. 3). Tactile or erogenous sensibility
was significantly different between the RF and FC groups and
between the ALT and FC groups. Tactile or erogenous sensi-
bility was reported to be lower in the FC group (p<0.05).

Discussion

Consensus on flap selection for an ideal phalloplasty has
not yet been reached because of the complexity of the
procedures involved and inconsistency of the postoperative
results.18,19 While there are several reports on the postoper-
ative complication rates after phalloplasty with RF flaps,
there are a few reports regarding the complication rates after
phalloplastywithALTflaps or FC. In a systematic reviewof 11
papers on phalloplasty with RF flaps, the overall postopera-
tive complication rate was 0.88 per patient. Among the
postoperative complications, the stricture or fistula forma-
tion rate was 0.2 to 0.8 per patient (mean¼0.51); 9 to 100%
(mean¼81.7%) patients achieved acquisition of tactile or
erogenous sensibility and 40 to 99% (mean¼75%) achieved
the ability to urinate while standing.19,21

In our 32-case series, the overall postoperative complica-
tion rate was 0.68 per patient; when comparing the three
reconstruction techniques, no significant differences were
recognized. Among the postoperative complications, the
fistula and stenosis formation rates were 0.59 per patient.
The tactile or erogenous sensibility acquisition rate was 75%.
The procedures achieved a standing micturition rate of
84% (►Table 1). Our postoperative results corroborate the
findings of the previously mentioned systematic review of
11 papers on phalloplasty with RF flaps.19

Significant differenceswere found in BMI, esthetic accept-
ability, and tactile or erogenous sensibility between groups.
BMI is one of the crucial factors affecting flap selection. In
women, a higher BMI has been reported to increase subcu-
taneous fat around the thighs and abdomen.22,23 To develop
an acceptable shape for the penis, the flap thickness should
be approximately 4 to 6mm. In the tube within tube style
phalloplasty design, the urethral circumference into which
the urethral catheter 14 Fr can be inserted is approximately
37mm. When tube within tube style phalloplasty is per-
formed based on the urethral circumference of 37mm, if the
flap thickness is 4mm, the flap collection width is 152mm.
Similarly, if the flap thickness is 5mm, the flap width is
167mm; if the thickness is 6mm, the flap width is 181mm;
and if the flap thickness is 7mm, the flap width is 196mm.
With the flap thickness increased by 1mm, the tube within
tube style phalloplasty requires an extension of the flap
width of approximately 1.5 cm.

In our series, the circumference of the forearm is approxi-
mately 18 cm near the wrist joint, and when using RF, if the
thickness is 8mm or more, we need to use two flaps or
perform additional skin grafting on theflap.WithALTflaps, if
the ALT flap is collected with a width of 196mm or more, it

Fig. 1 Postoperative course. Each patient’s condition 6 months
postoperatively. (A) RF flap phalloplasty case using a “tube-within-a-
tube” flap design. (B) Pedicled ALT flap phalloplasty case using a
“tube-within-a-tube” flap design. (C) FC phalloplasty case. The ure-
thral side is constructed with an RF flap, and the penile shaft is covered
with a DIEP flap. ALT, anterolateral thigh; DIEP, deep inferior epigastric
artery; FC, flap combination; RF, radial forearm.
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Table 1 Demographics of female-to-male transgenders according to flap types

Characteristics Flaps for phalloplasty p

RF group (n¼10) ALT group (n¼ 8) FC group (n¼15)

Age (y)
Mean (SD)

32.2 (7.9) 34.7 (6.6) 32.2 (5.1) > 0.05

Body mass index (kg/m2)
Mean (SD)

25.9 (3.3) 21.7 (0.9) 22.2 (4.5) < 0.05a

Follow-up period (mo)
Median (range)

66 (12–144) 24 (12–24) 54 (12–162)

Early complication
n (%)

Thrombosis 0 (0) 0 (0) 4 (26) > 0.05

Flap necrosis 0 (0) 0 (0) 1 (6) > 0.05

Late complication
n (%)

Fistula 8 (80) 4 (50) 5 (33) > 0.05

Calculus 0 (0) 0 (0) 2 (13) > 0.05

Re-operations
n (%)

Fistulectomy 8 (80) 4 (50) 5 (33) > 0.05

Open resection depilation 0 (0) 0 (0) 2 (13) > 0.05

Esthetic acceptability
Mean (SD)

bEvaluation scores (1–4) 3.7 (0.4) 3.5 (0.9) 2.5 (1.2) < 0.05a

Tactile or erogenous sensibility
n (%)

10 (100) 8 (100) 6 (40) < 0.05a

Standing urination
n (%)

8 (80) 6 (75) 13 (87) > 0.05

Abbreviations: ALT, anterolateral thigh flap; FC, flap combination; RF, radial forearm flap; SD, standard deviation.
ap< 0.05 (Kruskal–Wallis test).
bEvaluation scores (1: strongly disagree, 2: disagree, 3: agree, 4: strongly agree).

Fig. 2 The RF group has a higher BMI value than the other two groups.
Significant differences are found between the RF and FC groups and
between the RF and ALT groups. (�p< 0.05, Mann–Whitney U-test).
ALT, anterolateral thigh; BMI, body mass index; FC, flap combination;
RF, radial forearm.

Fig. 3 The FC group has the lowest score among the three groups,
and a significant difference is observed between the RF and FC groups.
(�p< 0.05, Mann–Whitney U-test). ALT, anterolateral thigh; FC, flap
combination; RF, radial forearm.
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does not fit within the angiosome territory and ismore likely
to cause necrosis at the flap margin. In that case, we use the
FC phalloplasty. Therefore, we believe that the thickness of
the flap should be within 7mm. If the flap is less than 3mm
thick, the penis will be too thin which is a cosmetic problem.
Therefore, in the case of flap thickness more than 7mm,
additional procedures for flap thinning may be required for
phalloplasty. However, this procedure may cause impaired
blood flow, interfere with tactile or erogenous sensibility,
and make penile morphogenesis difficult.18,19

Our results suggest that BMI effected flap choices for
phalloplasty because of the correlation relation between
BMI and skin thickness.22,23 In our series, the BMI of patients
using ALT flaps or FC was significantly lower than that of
patients using RF flaps. In the case of high BMI, the RF flap
was the first choice because in our all cases, forearm skin
thickness was less than 7mm despite high BMI. On the
contrary, when the BMI was low, the flap thickness of the
RF flap was too low (< 3mm) for an ideal phalloplasty. For
these cases, ALT flap or FC was selected in terms of the
relation between BMI and flap thickness. FC phalloplasty is
combined several flaps, so it is possible to harvest flaps
considering body skin thickness. In our series, FC becomes an
option between ALT flap and RF flap in terms of flap choice
based on BMI.

RF flap feasibility requires the Allen test to confirm that
the radial artery can be safely harvested. If the Allen test is
negative, RF flaps cannot be used.19 For these cases, opposite
RF or ALT flap should be selected. An ALT flap can be used
with a pedicled flap and has the advantage of not requiring
microsurgery.14,17 The ALT flap differs in vascular anatomy,
and it is important to confirm the existence and location of
perforator vessels using color Doppler ultrasonography and
MDCTA preoperatively.17 However, if the perforator vessel
diameter is small, only one or no perforating branch exists,
and if the vascular pedicle length is short, the feasibility of a
pedicled ALT flap is low. In these cases, the opposite ALT flap
or FC should be selected.

Our results indicated the lowest scores of esthetic accept-
ability evaluation scores in the FC group, and no significant
difference was observed in the esthetic acceptability evalua-
tion scores between the RF and ALT groups. FC is a technique
of combining various flaps; however, the technique is more
complicated than the “tube-within-a-tube” flap design phal-
loplasty.15 In the FC group, flaps harvested from the skin of
various thicknesses, such as the lower abdomen, thighs, and
forearms, are combined. Therefore, it becomes challenging to
adjust the shape because it depends on the choice of flaps to
be combined, and the reconstructed penis may become too
large or too small.

However, in standard deviation comparison of esthetic
acceptability evaluation scores, the FC group (1.2)was higher
than the RF (0.4) and ALT group (0.9), and in some cases of FC,
esthetic acceptability evaluation scores were as high as RF
and ALT (►Fig. 3). In high-score FC cases, the urethral surface
was constructed with a thin flap, such as an RF flap or SCIP
flap, and the foreskin was reconstructed with a thick flap,
such as an ALT flap or DIEP flap. In addition, FC cases that

required thinning of flaps had lower scores. This suggests
that it was difficult to perform phalloplasty by thinning the
flaps and adjusting the thickness during surgery. Therefore,
considering the required flap thickness is from 4 to 6mm,
the combined flap thickness that affects the shape of the
reconstructed phallus should be considered.

Perceptual recovery has been reported to be good and
consistent with both the RF and ALT flaps.7,14,17–19 In our
series, the RF and ALT groups reported good tactile or
erogenous sensibility. However, in the FC group, six patients
did not achieve tactile or erogenous sensibility after the
procedure. In FC phalloplasty, when a DIEP flap and an SCIP
flap are used, including the sensory nerve in the flap, it
becomes challenging. One of the solutions to this shortcom-
ing is to leave the clitoris at the base of the reconstructed
penis or to combine the innervated ALT flap or RF flap.15

Understanding the scarring and dysfunction of the donor
site when choosing the appropriate flap will benefit the
patient. Phalloplasty with a single flap and the “tube-with-
in-a-tube” reconstruction design may cause serious compli-
cations when large scars are left at the donor site.8,18,19 In FC
phalloplasty, various flaps are taken from multiple donor
sites, thereby reducing the scarring at each donor site.15 The
patient’s choice of donor sites may rely on reducing donor
site morbidity, and choosing different donor sites can be
beneficial to the patient.

Based on our results, the factors affecting preoperative
flap selectionwere BMI, the confirmation of perforator vessel
location included in the flaps, and tactile or erogenous
sensibility. Considering these results, an alternative algo-
rithm for phalloplasty for flap selection is suggested
in ►Fig. 4. When the BMI is low, especially when the
thickness of the lateral aspect of the thigh is less than
6mm, the ALT flap is selected after identifying the perforator
vessels on the MDCTA image. When the perforator vessels of
the ALTflap cannot be identified on theMDCTA image, the RF
flap is selected after confirming the positive Allen test. FC is
selected if the patient refuses postoperative scarring of the
thigh or when the thickness of the forearm area is less than

Fig. 4 Algorithm for selecting a flap for phalloplasty in female-to-
male transgender. Perforator (þ); two or more perforator vessels
within the lateral thigh area can be identified on MDCTA images.
Perforator (�); one or no perforator vessel within the lateral thigh area
can be identified on MDCTA images. ALT, anterolateral thigh; BMI,
body mass index; MDCTA, multidetector computed tomographic
angiography; RF, radial forearm.
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3mm.When the BMI is high, especiallywhen the thickness of
the lateral aspect of the thigh is more than 7mm, the RF flap
is selected after confirming the positive Allen test. When the
Allen test is negative or if the patient rejects postoperative
scarring of the forearm area, FC should be selected.

Limitations

Limitations of this study include the relatively small number
of cases which were selected from the same facility: the
inclusion of only three types of flaps (RF flap, ALT flap, and
FC) and the lack of patient satisfaction data and functional
assessment. No established procedure was conducted to
assess the perception of patients regarding the reconstructed
penis and evaluate patient satisfaction at the facility.

Conclusion

We proposed an algorithm for flap selection in phalloplasty.
FC becomes an option between ALT flap and RF flap in terms
of flap choice based on BMI. FC was the second choice in
terms of esthetic acceptability, tactile, or sensuality, but
when choosing flaps considering skin thickness and sensory
recovery, FC becomes an ideal phalloplasty as high score as
phalloplasty usingALTor RFflaps. If reasons for a specificflap
selection are clearer, patients and surgeons will gain better
understanding of the procedures and the consequent bene-
fits to the patient.
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