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Introduction

Penile defects have a variety of causes including traumatic, idiopathic, or iatrogenic 
events. Among them, iatrogenic causes include corrective surgery for urethral fistula 
or penile deviation, foreign body reactions caused by substances inserted for penile 
augmentation, and necrosis after congestion caused by overuse of Viagra [1]. Some 
defects resulted from infections of the perineum or scrotum, such as Fournier gan-
grene. Such infections of skin and soft tissue can cause necrosis and defects in the 
perineal region [2,3]. 

Multiple methods have been proposed to reconstruct penile defects of different ori-
gins, and each has its strengths and weaknesses. Skin graft reconstruction is the sim-
plest, but it is not able to secure appropriate volumes and has the associated risk of 
shearing and contracture [4,5]. The scrotal flap technique is simple with fewer com-
plications, but it is difficult to obtain appropriate bulkiness, and has cosmetic disad-
vantages after surgery arising from ectopic hair growth [6,7]. The radial forearm free 
flap provides an adequately thin flap and yields good results in terms of appearance 
and function, but requires a microscopic procedure and has relatively high complica-
tion and donor morbidity rates [8]. On the other hand, the groin flap, while often re-
quiring two-stage surgeries, yields better erectile function and penile bulkiness to fill 
the contour defect than the skin graft technique and also requires a shorter operation 
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Abstract

Background: Reconstruction surgery for skin and soft tissue defects of the penis would ideally secure sufficient volume, be safe in proce-
dure, and involve a simple surgical technique. Among the wide variety of techniques that have been employed, the groin flap-based tech-
nique is considered a relatively simple option for volumetric reconstruction. In this retrospective study, the authors report cases of penile re-
constructive surgery using a groin flap. 
Methods: We performed a retrospective chart review of patients with penile defects treated in our department. Reconstructive surgeries 
were carried out using pedicled groin flaps. Charts were reviewed to investigate duration of the surgeries, recovery and follow-up periods, 
and bulkiness at one and 10 months after surgery. Patients were observed postoperatively for complications, urination, and erectile function. 
Results: Six patients hospitalized from March 2009 to September 2013 for penile defects underwent surgery in our department. All pa-
tients recovered without any flap loss. The most common complication after surgery was wound dehiscence. Circumferences of penile 
shafts were measured at 1 and 10 months after surgery, and penile bulkiness at rest were found to be maintained at >86%. There were no 
patients with contracture, and in all patients, urination and erectile functions were satisfactory.
Conclusion: Reconstructing penile defects using groin flaps was found to be favorable in terms of volumetric reconstruction and postopera-
tive patient satisfaction. Furthermore, the surgery and recovery periods are short, and rates of complication and donor site morbidity are 
also low. 
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and results in fewer complications than other flap methods 
[5]. Here, we describe six cases of penile defects treated with 
reconstructive surgery using groin flaps.

Methods

We performed a retrospective chart review of patients with 
penile defects treated in our department between March 2009 
and September 2013. The study was performed in accordance 
with the principles of the Declaration of Helsinki. All patients 
provided written informed consent for the publication and the 
use of their images.

After proper pretreatment, including dressing and debride-
ment of necrotic tissue, all patients underwent reconstruction 
surgeries using a groin flap. Before the surgery, we took a digital 
photo of the defect area using a paper ruler as a scale. We ana-
lyzed the photo using ImageJ software (National institute of 
Health, Bethesda, MD, USA) and measured the area of the de-
fect. 

All patients had surgery under general anesthesia in a su-
pine position. To minimize damage of the dorsal neurovascu-
lar bundle, all inflammatory tissues including necrosis were 
removed above Buck’s fascia. For the first stage of operation, a 
flap pattern was drawn on the groin after marking the direc-
tion of blood flow of the superficial circumflex iliac artery us-
ing a Doppler ultrasound device. Depending on the defect 
size, a flap of width from 6 to 8 cm was designed so that its 
major axis was parallel to the inguinal ligament (Fig. 1). Dis-
section and flap elevation were carried out from anterior supe-
rior iliac spine (ASIS) aspect to pubic tubercle aspect along the 
major axis of superficial circumflex iliac artery and venae co-
mitantes (i.e., dominant pedicles running parallel about 3 cm 
below the inguinal ligament in the flap), and the superficial 
circumflex iliac vein. Initially, dissection was carried out above 
the deep fascia, and the flap was dissected below the fascia 
when it reached the sartorius muscle after passing the ASIS in 
order to avoid damaging the superficial circumflex iliac artery. 
As the dissection takes place, the superficial circumflex iliac 
vessels can usually be visualized on the under surface of the 
fascia. After exposing the vascular pedicle, the dissection was 
carried across the floor of the femoral triangle to the lateral 
edge of the femoral sheath to identify the origin of the superfi-
cial circumflex iliac artery from the femoral artery. The elevat-
ed flap was then rotated, exposing the flap pedicle, and moved 
to the defect area without any strain in order to conduct annu-
lar coverage of the penile defect.

The thin portion of the flap elevated in the lateral area of the 
sartorius muscle was used to cover the penile defect by wind-
ing around the penile shaft. Meanwhile, the medial and rela-
tively thick portion of the flap that includes deep fascia was 
mainly used to cover the scrotal defect to provide adequate 
volume for the defect area and to protect the testis. In cases 
where there are few or no scrotal defects and an inner flap is 
not required, a medial thick portion of the flap was resected 
during the second stage operation.

In a patient with a urethra defect, the defect was recon-
structed using a full-thickness skin graft (FTSG), because the 
width of the donor site did not exceed 8 cm, and direct closure 
of donor site was conducted with the thigh bent. The second 
stage operation for pedicle division and flap contouring was 
performed under local anesthesia 3 weeks after the first stage 
operation. 

However, if there is a skin and soft tissue defect limited to 
the caudal or lateral portion of the penile shaft, (i.e., not a de-
fect on the entire circumference of penile skin), and the defect 
area does not extend to the proximal part of the elevated groin 
flap, there is no need for annular coverage of the penile shaft. 
In this case, we preserved the intact skin and soft tissue of ce-
phalic penile shaft area, and a single-staged coverage was per-
formed using a groin flap as a local pedicled transposition flap.

Duration of operation and recovery periods, and postopera-
tive complications were compared through a chart review. 
Duration of operation refers to the total amount of time re-
quired to perform the operation. Recovery period refers to the 
period from the date of the first stage operation to the time of 
discharge after the second stage operation. Bulkiness compari-

Fig. 1. Design of the groin flap. The flap was designed to be 10–
15 cm in length and 6–10 cm in width on the groin area and 
parallel to the inguinal ligament.
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sons were conducted by measuring the circumferences of the 
middle portions of resting penile shafts at 1 and 10 months af-
ter surgery. Voiding difficulties and erectile pain and dysfunc-
tion were noted.

Results

Clinical analysis of patients 
The causes of the defects and their locations and sizes before 
surgery were determined. The patients were five males and 
one female who had female to male gender identity disorder 
with ages ranging from 30 to 59 years (mean, 40.83 years). The 
causes of the skin defects were: (1) necrosis resulting from for-
eign substance injection, one case by paraffin and another by 
silicon; (2) lasting side effects of congestive blood after taking 
Viagra; (3) complication after surgeries to treat hypospadia 
and deviated penis; and (4) complication after forearm free 
flap surgery for reconstruction of total phallus in the female to 
male gender identity disorder patient (Table 1).

Defect areas in the six patients were localized to penis and 
scrotum, and average defect size was 66.41 cm2 (range, 45–99 
cm2). The six patients recovered after groin flap surgery with-
out any severe complications, such as infection, flap necrosis 

or flap loss, and neither were any significant complications ob-
served on the donor sites. Though minimal wound dehiscence 
lasting more than a week was observed in four patients after 
surgery, they recovered naturally within 2 weeks without spe-
cial treatment. In addition, one patient with partial skin necro-
sis also recovered fully after a partial skin graft. In particular, 
the patient that underwent a urethra reconstruction operation 
with FTSG had no problems in voiding function. Unfortu-
nately, most of the patients could not measure their circumfer-
ence in normal condition, because they came after they had al-
ready been wounded. The circumferences of penile shafts were 
measured at 1 and 10 months after surgery, and resting penile 
shaft bulkinesses were found to be maintained at >86% (Table 
2). According to literature, the average circumference of an 
erect human penis is 11.66 cm [9]. Although a direct compari-
son is not possible because we measured the resting penile cir-
cumference, the average resting circumference was 11.11 cm, 
slightly smaller than the average erect circumference. We 
therefore expect that the erection circumferences of our cases 
are close to the average circumference of an erect human penis.

None of the patients showed any significant complication or 
erectile dysfunction or pain during erection owing to defective 
contracture, which is a potential cause of appearance and 
functionality problems (Table 3). Follow-up periods after sur-

Table 1. Clinical analysis of patients

Patient No. Age (yr) Sex History Defect location Defect size (cm2) Length of follow-up (mon)

1 34 M Foreign body (silicone) injection Penile shaft 8×8.5 12

2 59 M Viagra complication Penile shaft 5×9 10

3 31 M Deviated penis correction operation Penile shaft 7×9.5 16

4 47 F (GID) Phalloplasty by radial forearm free flap Penoscrotum 9×11 25

5 44 M Repeated congenital hypospadia correction operation Penoscrotum 8×7 20

6 30 M Foreign body (paraffin) injection Penile shaft 8×8 14

M, male; F, female; GID, gender identity disorder.

Table 2. Resting penile bulkiness at mid-penile shaft

Patient 
No.

Circumference 
at preoperative 
bulkiness (cm)

Circumference 
at bulkiness 

after 2nd 
operation (cm)

Circumference 
at 10-month 

follow-up (cm)

Maintained 
at follow-up 

(%)

1 8.4 12.2 11.3 92

2 9.2 11.7 10.1 86

3 8.7 12.4 11.7 91

4 8.0 11.1 10.6 95

5 8.2 12.6 11.8 93

6 8.5 12.7 11.2 86

Table 3. Result summary

Patient 
No. 

Operation 
time (hr)

Recovery 
period 
(day)

Complication
Voiding 

difficulty

Erectile 
pain or 

dysfunction

1 2 27 None No No

2 1.5 39 Wound dehiscence No No

3 1.5 33 Wound dehiscence No No

4 2.2 28 None No No

5 2 31 Wound dehiscence No No

6 2 32 Wound dehiscence No No
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gery ranged from 10 to 25 months (mean, 16.16 months), and 
natural penile shapes were maintained at last follow-up with 
normal urination and erection (Figs. 2-4).

Case presentations
Case 1
A 34-year-old man was treated with silicone injection for pe-
nile augmentation 4 years previously. He visited us 2 weeks 
prior to surgery complaining of penile pain, inflammation, 
and discharge. He had previously sought treatment for his 
symptoms at a local medical center, but his condition did not 

improve. The patient received debridement and foreign body 
removal treatment. The two-stage groin flap surgery was initi-
ated after infection and inflammation were controlled by daily 
dressing and anti-biotics treatment. At the first stage surgery, 
the flap was elevated from the left groin area to cover the de-
fect on the penile shaft. Flap division was conducted 3 weeks 
after the first stage surgery. The patient recovered without sig-
nificant complications. After flap division surgery, the patient’s 
genitals had an acceptable cosmetic appearance and the bulki-
ness of penile shaft was maintained at 92% after 10 months of 
surgery. No significant complications were identified after the 

Fig. 2. Treatment of case 1. (A) Penile defect caused by inflam-
mation of 2 weeks duration, induced by injection of silicone into 
the penis. (B) The groin flap covers the defect on the penile 
shaft. (C) Flap division was conducted 3 weeks after surgery. (D) 
Good postoperative cosmetic appearance.

Fig. 3. Treatment of case 2. (A) Appearance of the penile defect induced by congestion after Viagra overuse. (B) Flap design was con-
ducted after debriding residual necrotic tissue. (C) A single-stage groin flap procedure was conducted. (D) Appearance at 10 weeks 
after surgery.

A B

C

D

A B C D
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surgery, and erectile and voiding function were well main-
tained (Fig. 2).

Case 2
A 59-year-old man suffered from penile necrosis due to sus-
tained erection and congestion after taking illegal anti-impo-
tence drugs 10 days previously. He visited us for treatment of 
the penile skin and soft tissue defect after debridement of ne-
crotic tissue at a local medical center. After debridement of 
unhealthy tissues, the extent of the defect was limited to the 
left lateral, caudal part of penile shaft and small upper scrotal 
area. Single-stage groin flap surgery was carried out using a 
pedicled local transposition flap. He fully recovered without 
significant complications, and postoperative appearance was 
satisfactory. Resting penile bulkiness was maintained 94% at 1 
and 10 months after surgery, and erectile and voiding func-
tions were well maintained (Fig. 3).

Case 3
A 31-year-old man visited us for penile reconstruction. He 
had suffered partial penile skin and soft tissue loss due to pe-
nile necrosis after undergoing surgery to correct penile devia-

tion. A groin flap was elevated from the left inguinal area, and 
penile shaft reconstruction was performed with a tubed groin 
flap. The damaged urethra was reconstructed using FTSG with 
skin harvested from right inguinal area. Afterwards direct clo-
sure of both inguinal donor sites was performed. Three weeks 
later, seeing the flap well engrafted and surviving, we per-
formed the separation and contouring operation. The patient 
recovered fully without significant complications and ex-
pressed postoperative satisfaction. The resting penile bulkiness 
was maintained at 94% between 1 and 10 months after sur-
gery, and erectile and voiding functions were also well main-
tained (Fig. 4).

Discussion

Among the diverse etiologies of penile skin and soft tissue de-
fects, there has been a recent increase in defects resulting from 
necrosis after conducting various procedures for penile aug-
mentation [10,11]. Fat injection is frequently used for penile 
augmentation, and in some cases, foreign material including 
silicone, paraffin, or oil are injected by non-practitioners. In 
such situations foreign body reactions are likely to incur in-

Fig. 4. Treatment of case 3. (A) Appearance of 
partial penile loss due to complications after 
correction surgery for deviated penis. (B) Penile 
shaft reconstruction with tubed groin flap. (C) 
Three weeks after groin flap surgery. (D) Three 
weeks after the separation operation. (E) Ap-
pearance at 10 weeks after separation.

A

E

B

D

C
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flammation and infection, and sometimes vascular emboliza-
tion may even lead to necrosis. Necrosis can also be caused by 
other treatments, such as suspensory ligament release using a 
V-Y advancement flap to lengthen the shaft, or by complica-
tions after surgeries to correct penile deviation or urethral fis-
tula [12]. In some cases, defects are generated by extensive re-
section of a perineal tumor, extramammary Paget disease, or 
Fournier disease.

Despite the availability of many reconstruction techniques, 
no clear guidelines have been established regarding optimal 
reconstruction techniques. Ideally, procedures should be safe 
and relatively easy to perform and free of risk of complications 
at defect and donor sites. The purposes of the reconstruction 
are: (1) to obtain a natural appearance with minimal donor 
site scarring; (2) to ensure comfortable urination with normal 
function; and (3) to ensure conditions enabling sexual inter-
course [13]. Currently, the reconstruction techniques used are 
skin grafts or scrotal, anterolateral thigh (ALT), groin, puden-
dal artery perforator flaps, etc. 

Because it is a simple, safe technique without serious com-
plications, the skin graft technique has been widely used. 
However, the method may cause depression deformation if 
too much subcutaneous fat is removed and it also presents a 
high risk of scar contracture that might result in functional 
and cosmetic issues. Contracture of grafted skin causes erectile 
dysfunction and or pain during erection [14-16]. 

Several techniques using the scrotal flap, such as the Cecil-
type scrotal flap, have been introduced, whereby the scrotal 
branching of the lower pudendal artery is taken as the base. 
The technique implants the denuded penis below the skin of 
the scrotum for 2 to 4 months when the scrotum skin is used 
to cover the skin defect. This method is advantageous because 
it has low risk of necrosis and contracture, but it requires a sec-
ondary operation and may result in urethral damage. Al-
though the bilateral scrotal flap technique, which is a modifi-
cation of the Cecil-type flap, does not have the shortcomings 
of other techniques, the suture line is located on the dorsal pe-
nis, and the wound is visible during urination. In addition, 
blood vessels may be damaged while elevating the scrotal flap 
and skin contracture can occur on the dorsal and ventral penis 
upon erection. Z-plasty can be used to address these problems, 
but the risk of flap necrosis remains. Although the scrotal flap 
technique has low donor site morbidity, this technique has the 
drawback of ectopic hair growth arising from the wrinkled 
hairy scrotal skin that was transferred to the penile shaft, in 
addition to the above-mentioned cosmetic problem [7].

The ALT flap has a long vascular pedicle, and accordingly, is 
suitable for the reconstruction in the suprapubic region and is 
good for thickness adjustment. However, it has the shortcom-
ing of larger scars on the donor site. Because the ALT flap is 
located at a distance from the perineum, this method is only 
possible if an ALT pedicle that enables moving the flap to the 
penoscrotal defect area is identified. While in most cases, pri-
mary closure of the donor area is possible, for wider ALT flaps, 
a skin graft is required for closure of donor area. For these rea-
sons the morbidity rates of the donor site are higher, and the 
ALT flap is generally not favored as a surgical method [4].

Using the pudendal artery perforator flap is a preferred 
method of operation for perineal reconstruction. The thick-
ness of superficial external pudendal artery (SEPA) perforator 
flap is measured at 3 to 10 mm. Because this method allows for 
thin covering, SEPA perforator flaps are used in cases where 
thin flaps are important, such as penile shaft reconstruction. 
However, as SEPA perforator flaps are limited in the length of 
the pedicle, the surgical technique may be unsuitable for large 
defects or large penises [17]. 

The internal pudendal artery perforator flaps are good for 
coverage of scrotal area defects, and for disguising the donor 
site within a gluteal fold. However, the location of the flap ped-
icle makes it difficult to reconstruct a penile shaft defect. In 
this case, other surgical techniques like skin grafting may be 
necessary to cover the penile shaft defect [4].

When the thigh or lower abdomen is used as the donor site, 
axial skin-fat flaps based on the superficial epigastric artery or 
pudendal artery and tensor fascia lata musculocutaneous flap 
can easily transplant tissues containing abundant blood vessels 
to defect sites without requiring microscope anastomoses. 
However, this flap is very thick, and cosmetic and functional 
problems may arise from the larger amount of subcutaneous 
fat the flap contains [18,19]. 

The free radial forearm flap can be prepared as a thin flap 
used for cases of complete penile loss, and its color matches 
that of the recipient site. It can also be rolled to form a urethral 
pipe of sufficient length and appropriate volume. However, ap-
propriate microscopic anastomosis is required and the surgery 
takes a long time, while the risk of donor site scarring and pos-
sible postoperative morbidity also limits use of this method 
[20,21]. We performed free radial forearm flap in cases of total 
penile loss, such as male pseudohermaphroditism, traumatic 
total loss, or gender identity disorder patients.

If partial reconstruction is required, the groin flap is consid-
ered more suitable, because results are generally satisfactory 
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both in function and appearance, and it is without risk of seri-
ous complications like total flap loss or ischemia of the hand. 
Groin flaps have been used extensively since McGregor and 
Jackson [22] described the technique for the first time in 1972. 
In terms of anatomy, the groin flap is a pedicle flap containing 
the distributed superficial circumflex iliac artery, which can be 
classified into the following three zones: (1) the pure axial zone 
from the femoral artery to the sartorius muscle; (2) the transi-
tion zone up to the region 5 cm outside the sartorius muscle; 
and (3) the random zone from 8 to 10 cm from the sartorius 
muscle [23]. Groin flaps can cover extensive defects of over 
10×15 cm without sacrificing a major artery or requiring end-
to-end microvascular anastomosis [24]. 

As a pedicle flap with abundant blood flow, the groin flap is 
easily converted to a cylindrical shape. Moreover, the groin 
flap is hairless, of sufficient size, and readily enables penile 
augmentation with relatively few complications. In addition, 
this flap can be used to treat wide defects, and its operation 
procedures are simpler than those required for other flaps. 
Furthermore, the low contracture of this flap manifests as few-
er erectile problems. Primary closure of the donor site is avail-
able with few donor site complications. The donor site scar can 
also be covered or hidden easily with underwear [25]. 

When designing the flap, the inguinal ligament is palpated 
and marked in its course between the pubic tubercle medially 
and the ASIS laterally. Whenever possible, the superficial cir-
cumflex iliac artery is identified with the Doppler probe and 
marked. If the superficial circumflex iliac artery cannot be 
identified, imaginary vascular axes are marked by drawing 
parallel lines about 2.5 cm below the inguinal ligament. The 
flap should then be marked out extending toward ASIS, begin-
ning at the projected lateral border of the sartorius and with 
the upper and lower borders of the flap 5 cm above and below 
the vessel axis. The length then can then be determined by 
planning backward from the defect to be covered.

Upon elevating the flap, sufficient care should be taken to 
not damage the lateral cutaneous nerve of the femur that pass-
es above the sartorius muscle. If the width of flap is less than 
10 cm after elevation, the donor wound generally can be di-
rectly closed. However, if the flap width exceeds 10 cm, skin 
graft may be necessary to cover the donor site defect [23].

In our cases, although wound dehiscence of the flap transi-
tion area were observed in four out of six patients, the size of 
the dehiscence was very small, and they recovered without any 
special treatment. We believe the reason for the dehiscence 
was the partial necrosis of the fat cells contained in the seroma 

that formed on the flap.
So far, the general view was that the groin flap is too thick to 

be used for the reconstruction of the penis. But as evidenced 
in the postoperative results of this paper, the area of the groin 
flap elevated in the lateral part of the sartorius muscle that 
does not contain the deep fascia was flexible and not thick, 
making it suitable for reconstruction of the penis. The authors 
were able to achieve excellent cosmetic and functional results 
with the groin flap, which is more durable and provides better 
volumetric results than skin grafts and is less bulky than other 
flap methods, with minimal donor site morbidity.

The shortcoming of the groin flap is that the pedicle is rela-
tively short, only about 3 cm. Also, the T12 innervation is at 
the lateral margin of the groin flap away from the pedicle, pre-
cluding use as a sensate flap, making decrease of sensation on 
penile skin inevitable. Another drawback is that the skin on 
the flap is paler and makes for a poor match. However, it still 
has the advantage of less problems with ectopic hair growth, 
compared to a scrotal flap.

Although there are a few limitations in the pedicled groin 
flap, we recommend the use of the groin flap technique as a 
safe, simple, aesthetically acceptable and effective means of re-
constructing penile skin and soft tissue defects.
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