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Long-Term Fate of Vascularized Iliac
Bone Flap as a Source for Phallic
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One of the surgical goals of phalloplasty is to obtain sufficient
rigidity for sexual penetration. This is also important for patients
with erectile dysfunction. Different kinds of techniques have
described phalloplasty and obtaining rigidity in patients with
erectile dysfunction, but there is no good substitute for the
erectile tissue of the penis. The authors used an iliac osteocuta-
neous flap for phalloplasty and a vascularized bone flap for
imitating penile erection. Five patients who had undergone either
phalloplasty or correction of erectile dysfunction are presented.
Long-term results are promising in adults and the authors advo-
cate using vascularized iliac bone for sufficient rigidity of a
(neo)phallus. However, the results are moderate for children who
have undergone previous phalloplasty.
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Penile erection is a complex event that encom-
passes neural and vascular mechanisms by multi-
ple neurotransmitters and complex hemodynamic
processes. Erectile dysfunction is one of the most
important factors in sexual disability. Many ad-
vancements and reports to solve this problem have
been published with different success rates.1,2

The surgical goals of phalloplasty are construc-
tion, during a one-stage operation, of an aesthet-
ically appealing neophallus with erogenous and
tactile sensation, permitting the patient to void
standing up and to have sexual intercourse.3

However, the last goal can be obtained only if the
constructed penis has sufficient rigidity. There-
fore, another goal should be to have a neophallus
with acceptable rigidity. For this reason, efforts
have been made using autogenous tissue or vari-
ous transplants and implants.4

The normal-appearing penis or constructed
phallus should have enough rigidity to be capa-
ble of performing normal sexual intercourse. Dif-
ferent kind of penile stiffeners such as bone or
cartilage grafts, implants, and external devices
have been used with various success. Although
these methods may closely achieve the rigidity of
the phallus, none of them is perfect for every
patient, no one method is accepted as the best
method, and each method has its own complica-
tion rates.5–9 Genital reconstructive surgeons
think differently regarding the role of vascular-
ized bone for phallic rigidity. Some are against
the use of a bone segment and some accept that
long-term results of a bony component are ac-
ceptable.6,10–12 We compared our results in lim-
ited number of patients with the results of others.

Materials and Methods

Since 1994, two transsexuals, one patient with a
micropenis, one patient with ambiguous genita-
lia, and one patient with erectile dysfunction
underwent operation with flaps obtained from
the iliac region (Table 1). We included a vascu-
larized iliac bone flap as a stiffener.

If the aim is to construct a penis, the flap is
elevated as a osteocutaneous tubed flap. A two-
stage operation for penile reconstruction was
planned. During the first stage, the superficial
iliac circumflex artery and the deep iliac circum-
flex artery were detected with Doppler ultra-
sound. Two parallel incisions measuring 9 to 15
cm, depending on the patient, were made on the
groin skin 4 cm medial and lateral to the iliac
crest. The medial incision was made through the
abdominal wall, reaching the preperitoneal fat.
By dissecting between the preperitoneal fat and
the abdominal wall, the iliac crest was reached
and a piece of bone was cut according to need.
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The deep iliac circumflex artery pedicle was kept
intact and was attached to this piece of bone. A
lateral incision was made deep down to the
osteotomy site. The lateral and medial skin edges
of the flap were sutured together, constructing a
tube still attached to the body at its superior and
inferior edges. A full-thickness skin graft from the
contralateral groin was wrapped around a silicon
rod with its raw surface facing outward. This was
buried within the flap for urethral prefabrication.
The lateral and medial skin edges of the donor
area were sutured to each other beneath the flap
to close the wound. Three weeks later, the supe-
rior edge of the flap was cut and the flap was
raised on its soft-tissue pedicle, which included
the deep iliac circumflex artery and the superfi-
cial iliac circumflex artery. The flap passed
through a tunnel along the inguinal region and
was brought to the pubic region. The distal edge
of the flap was shaped and closed, the prefabri-
cated urethra was anastomosed to the urethral
stump, and the proximal edge of the flap was
sutured to the skin opening overlying the sym-
physis pubis. The bone flap was not attached to
the symphysis (Fig 1).

To obtain a vascularized iliac bone flap, a skin
incision was made starting from the inguinal
ligament over the femoral vessels and extending
along the iliac crest up to 15 cm beyond the
superior anterior iliac spine on the side. The
external oblique aponeurosis and muscle, and the
internal oblique and transversus abdominis mus-
cle were divided just inside the iliac crest. The
preperitoneal fat was retracted, and the deep
circumflex iliac artery and vein were palpated
and traced medially. An incision through the
iliacus muscle was made 1 cm below the vessels,
and the periosteum was stripped below this inci-
sion line. Tensor fascia lata was stripped away
from the lateral surface of the iliac crest. A large
oscillating saw and osteotome were used to per-
form the osteotomy for elevating a full-thickness

12- � 3-cm bone segment on the deep circumflex
iliac vessels. These vessels were dissected further
toward their origin in the external iliac artery and
vein. The pedicle of the flap had a wide rotational
arc, and it was long enough to reach the pubic
region. After bone flap transposition, there was
no tension on the pedicle. The bone was passed
through a subcutaneous tunnel and through the
incision at the root of the penis. The iliac bone
was then placed into the previously prepared
space in the penile shaft with its slight concavity
facing upward. The wounds were closed in layers
(Fig 2).

Results

Our two transsexual patients were followed-up
for 4 to 6 years. One of them had a normal-
looking penis that was 13 cm long and 5 cm
diameter at the 4-year follow-up. He experienced

Patient Overview

Age Indication Flap Type Complication Result

21 Transsexualism Iliac osteocutaneous flap Fistula Acceptable
8 Ambigious genitalia Iliac osteocutaneous flap Fistula Mild

24 Erectile dysfunction Vascularized iliac bone None Acceptable
23 Transsexualism Iliac osteocutaneous flap Fistula, hernia Fair
10 Micropenis Iliac osteocutaneous flap None Acceptable

Fig 1. Schematic drawing of phalloplasty.

Aköz et al: Vascularized Iliac Bone Flap for Phallic Rigidity

505



normal voiding in the standing position (Fig
3A). Radiology showed that the bony compo-
nent of the neophallus maintained its volume
and borders without substantial resorption or
presence of fracture (Fig 3B). At the superior
border, the bone was closed to the skin; how-
ever, there was no erosion or ulceration at that
point during intercourse. The second patient

was followed-up for 6 years. He also had simi-
lar results regarding the volume and function of
the neophallus. However, he has refused to be
examined because of the occurrence of a hernia
at the operative site.

We examined two boys who had undergone
penile reconstruction with the double vascular
pedicle composite groin flap for 6 to 8 years
postoperatively. These patients (in the pediatric
population) maintained their initial penile vol-
ume, diameter, and bone segment, but interest-
ingly the penis did not grow as the patient aged.
Because of this the reconstructed penis was small
in size (Fig 4A). The bony segment of the phallus
had a compact structure without notable resorp-
tion during radiological examination (Fig 4B). It
may be better to delay phalloplasty in the pedi-
atric population based on this observation. How-
ever, the bone in the neophallus maintained the
volume in contrast to expectations.

Although the last patient in this series had
diabetes mellitus, this fifth patient with erectile
dysfunction had a similar penile size compared
with the early postoperative period (Fig 5). The
patient reported that he continued to have satis-
factory sexual function and no loss in stiffness.
No fracture of the penis was observed 6 years
postoperatively.

Fig 2. (A) Preoperative drawing of the surgical
procedure at the donor site. (B) Elevation of the
vascularized iliac bone graft.

Fig 3. (A) View of voiding during postoperative year 4.
Note the volume of the penis. (B) Iliac bone in the
phallus during postoperative year 4. Its concave surface
faces upward.

Fig 4. (A) Eight years after the surgical procedure the
neophallus was not contracted, but it maintained its
initial volume and size. (B) Radiographic view of the
iliac bone during the eighth postoperative year. Note
that the bony segment looked sclerotic; however, it
maintained its initial size.
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The bony segment of the phallus in all patients
was present radiologically and it maintained its
initial volume without marked resorption. How-
ever, the bone segments were slightly sclerotic
and they did not increase in size with age in the
pediatric group.

Discussion

Sufficient rigidity for a constructed penis should
be expected to obtain sexual penetration. Al-
though genital reconstructive surgeons try to
reach this goal, the “best” way is still unclear.
Total phallic reconstruction with a stiffener was
first introduced by Bogoras. He used an abdomi-
nal tube flap with autogenous rib cartilage.6,9

Since then this has been the principal method for
obtaining rigidity in phalloplasty.4 Gillies pre-
sented the first description of phallic reconstruc-
tion from the abdominal region in a female
transsexual. A stiffener was inserted during a
separate procedure after the phallus had been
constructed. When Gillies’ patients were re-
viewed by Evans,13 he claimed that five patients
who had insertion of cartilage grafts had sexual
function (relating this function to the cartilage
stiffener), but long-term results of the cartilage
graft were unknown. Resorption, curving, frac-
ture of autogenous cartilage, and nonvascularized
bone transplantations have been reported.4

Unlike the nonvascularized bone graft that is
composed mainly of dead bone matrix, the vas-

cularized bone flap maintains its cellular viabil-
ity. Thus, vascularized bone transfers undergo
less resorption than nonvascularized grafts. Cen-
tral resorption in a nonvascularized bone graft
occurs, and because of this it becomes mechani-
cally weaker than vascularized bone.14 DeLa-
cure15 stated that in vascularized bone flaps, a
substantially higher percentage of osteogenic
cells survive after the transfer. The central graft
remains viable via its transferred osteocytes. The
transfer is essentially independent of responses
from the surrounding wound bed for participa-
tion in its survival and osteointegration. The
vascularized bone flap should be considered
when the host bed is compromised by scarring,
infection, or irradiation, and when rapid healing
is preferred. The advantages of vascularized bone
include less resorption of cortical bone, fewer
fatigue fractures, and rapid hypertrophy of
bone.16,17

Biemer18 described the reconstruction of the
penis with a free radial forearm osteocutaneous
flap. This flap represented a pioneering role in
penile reconstruction. However, the radial fore-
arm flap without a bone segment became too soft
over time. If penile prostheses were used, erosion
occurred in most cases.19 Koshima and col-
leagues20 published their one-stage reconstruc-
tion of the penis using an innervated radial
forearm osteocutaneous flap. They obtained pe-
nile rigidity with the radius bone segment, and
they prevented pressure sores because of a sensi-
tive phallus.20 However, the radius bone in the
constructed phallus is thin, unicortical, and
prone to fracture, and the remaining radius bone
can fracture easily. To overcome these problems,
a keel-shaped segment of radius is included in
the flap and the donor forearm is immobilized for
a long time. Sadove and associates19 pointed out
that long-term survival of the radial bone in the
phallus has not been demonstrated satisfactorily.
Fang and coworkers10 called free flaps used for
phalloplasty “flaccid” and, according to them,
producing a rigid, durable neophallus capable of
performing sexual intercourse is still a problem.
Free sensate osteocutaneous flaps for penile re-
construction have proved to be a promising
method for restoring sexual function.

Sadove and colleagues19 presented a one-stage
total penile reconstruction with a free sensate

Fig 5. (A) Radiograph of the iliac bone during
postoperative year 3. (B) Lateral view of the penis
operated because of erectile dysfunction.
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osteocutaneous fibular flap. They stated that vas-
cularized fibula exhibits the greatest degree of
bone survival. There is no contact with existing
bone and the fibula, but it is similar to the canine
os penis bone, which is attached to the corpora
cavernosa by fibrous connections with minimal
stress and it still persists despite the low stress.
However, some resorption of the vascularized
fibula should be expected, vascularized nature of
the bone, the presence of the periosteum, and
bone stresses during sexual activity cause long-
term survival of the fibular graft.19 Recently,
Papadopulos and associates12 presented the long-
term fate of the bone in the free osteofasciocuta-
neous forearm and fibula flaps in their patients
with neophallic reconstruction. They found no
marked variations in the shape and rigidity of the
neophallus bone. It is observed that a compact
bone structure was present radiologically and no
notable changes occurred over time. The bony
component of the flap was still vascularized and
vital clinically and radiologically. They stated
that transplanted vascularized bone can guaran-
tee good and secure long-term rigidity of the
neophallus, and can allow one of the most im-
portant functions of the neophallus.12

Akoz and colleagues6,21 presented the use of
vascularized iliac bone as a penile stiffener and a
part of the neophallus. When comparing the
vascularized iliac bone flap with the fibula or
radius, its vascular supply should be considered.
The blood supply to the flat or membranous
bones is more variable than that of the long
bones. Although the flat bones have nutrient
arteries, periosteal vessels are much more com-
mon. Periosteal vessels penetrate the cortical
bone much better in flat bones than in long
bones.14 Peer demonstrated that grafts with re-
tained periosteum enjoy a distinct advantage in
terms of the rate of consolidation and the length
of survival.14 Because of these two factors, keep-
ing the periosteum intact along the pedicle plays
one of the major roles for iliac bone survival.

It seems that we had a high fistula rate. Histori-
cally, neourethral reconstruction has been difficult,
frequently leading to fistulas. However, a vascular-
ized tube-within-a-vascularized-tube technique for
neourethral reconstruction has the obvious advan-
tage of providing a vascularized, viable cutaneous
segment for a neourethral lining.22 With our tech-

nique, a tube of a full-thickness skin graft was
present for neourethral reconstruction. Its compro-
mised blood supply and contracture on the anasto-
motic site could be causes of our high fistula rate.

In conclusion, vascularized bone in the
(neo)phallus can survive completely because of
its excellent blood supply in the reconstructed
part and the presence of periosteum. The stress of
the neophallus during sexual intercourse may
help to maintain the volume of the bone segment.
According to our findings, vascularized iliac
bone can be a part of neophallus construction,
and it can also be used for the treatment of
erectile dysfunction to obtain rigidity. However,
it is not clear whether the use of iliac bone in the
pediatric population is useful.
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