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Abstract 
Breast cancer is the most common tumor occurring in women. Loss of a breast is a profound traumatic experience.
Since the breast is a symbol of femininity, beauty, and motherhood, mastectomy can result in serious disorders of
psychological and aesthetic character. Advances in microsurgical techniques facilitated the development of various
methods indispensable for performing even the most extensive reconstructions with achievement of a good final
result, opening the possibility for effective rehabilitation and a return to normal psychosocial functioning.
Postmastectomy breast reconstruction with free flaps has become the standard course of action, and the choice of
flaps assures selection of the best method available for each patient. This paper is a review of the most important
free tissue flaps used in postmastectomy breast reconstruction, including the free transverse rectus abdominis
myocutaneous (TRAM), the deep inferior epigastric perforator (DIEP), the paraumbilical perforator (PUP), the
superior and inferior gluteal, the Rubens, and the thigh lateral transverse and anterolateral thigh flaps (Adv Clin
Exp Med 2009, 18, 6, 657–667).
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Streszczenie
Rak sutka jest najczęstszym nowotworem u kobiet. Utrata piersi jest tragicznym wydarzeniem wywołującym
głęboki uraz psychiczny. Pierś jest symbolem kobiecości, urody oraz macierzyństwa, dlatego mastektomia
prowadzi do zaburzeń natury psychicznej i estetycznej. Rozwój technik mikrochirurgicznych pozwolił na opra−
cowanie różnych metod umożliwiających wykonanie nawet najbardziej rozległych rekonstrukcji z końcowym
dobrym wynikiem, co daje szansę na skuteczną rehabilitację i powrót do normalnego funkcjonowania psy−
chospołecznego. Obecnie rekonstrukcje piersi po mastektomii płatami wolnym stały się standardowym
postępowaniem, a wybór między poszczególnymi płatami zapewnia dobór najlepszej metody dla każdej pacjentki.
W artykule opisano najważniejsze wolne płaty tkankowe stosowane w mikrochirurgicznej rekonstrukcji piersi
u kobiet po mastektomii. Omówiono wolny płat skórno−mięśniowy z mięśnia prostego brzucha, perforatorowy płat
DIEP, płat oparty na perforatorze okołopępkowym, płaty pośladkowe górny i dolny, płat Rubensa, a także płat
boczny poprzeczny uda i płat przednioboczny uda (Adv Clin Exp Med 2009, 18, 6, 657–667).

Słowa kluczowe: rekonstrukcje piersi, płaty wolne, rak piersi.

The major factors conditioning the selection of
a breast reconstruction method are the extent of
mastectomy and the training of the surgical team.
The progress that has been made in the diagnostics
and treatment of breast cancer have contributed to
a reduction of tissue resection. Breast reconstruc−
tive operations may be divided into two main cat−
egories: procedures using preserved tissues and

reconstruction of the breast volume using implants
and those using tissues from local or distant body
areas to compensate for skin deficiency and recon−
struct breast volume [1]. Selection of the type of
reconstructive operation depends on the skills of
the surgical team, particularly on the applied
microsurgical techniques. Of the pedicled flaps for
reconstructive operations, one can only use the



latissimus dorsi flap or the TRAM flap. Although
the risk of flap loss is rather low, it may come to
disorders in blood flow as a result of pedicle fold−
ing or compression. Harvesting a TRAM pedicled
flap is burdened with the risk of abdominal hernia;
moreover, the transfer and positioning of a vascu−
lar pedicle can influence the treatment result.
Using a latissimus dorsi flap generally requires the
use of a breast prosthesis. Postmastectomy breast
reconstruction with free flaps has become the stan−
dard course of action, and the choice of flaps
assures the selection of the best method for each
woman. 

Selection of the Operating
Technique
A reconstructive operation must be preceded

by an analysis of the numerous factors which will
facilitate qualification for a specific reconstructive
procedure. An accurate evaluation of the woman’s
expectations is extremely important. In extreme
cases it may turn out that the woman is more will−
ing to accept the lack of a breast than to approve
deformation of the donor site after flap harvesting. 

The main requirement to be qualified for an
operation is good physical condition. A high oper−
ational risk may indicate the necessity to delay the
operation or even abort it. When selecting the
technique itself, determining the specific flap must
take into consideration body build and the accessi−
bility of tissues in particular body regions that

cannot be affected with disease. The experience of
the surgical team as well as the woman’s sugges−
tions are equally relevant. Patients with unrealistic
expectations, or with a tendency for extensive
keloidal scars, ought to be excluded from opera−
tions [2]. Older women (> 65 years) are qualified
for less burdensome reconstructive operations
with alloplastic implants. Some authors [3] under−
line the fact that advanced age is not a decisive
factor in such qualification, since it was demon−
strated that older women exhibit complications
more frequently after implant use than after recon−
structions with autologous tissues. As a conse−
quence of these complications, one is faced with
the necessity to remove the implant in approxi−
mately 42% of patients [3].

Due to the simpler operating technique, allo−
plastic implants are readily used in breast recon−
structive procedures. Their advantages are no
additional scars, no demand for longer hospitaliza−
tion, and simplicity of the procedure. Five years
following the reconstructive operation, about 30%
of patients require correction of capsular contrac−
ture or implant transfer or damage [14]. Hence
knowledge of the advantages and disadvantages of
reconstructive procedures allows individual selec−
tion of the best possible method for a woman
(Table 1). 

Microsurgical breast reconstructions have
been performed since the beginning of the 1980s.
The most frequently chosen methods are the free
TRAM flap and the DIEP flap [5–8]. The skin
color is similar to breast skin and an adequate
amount of delicate elastic skin helps to obtain
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Table 1. The factors considered in selecting an operating method

Tabela 1. Zestawienie czynników uwzględnianych w wyborze metody operacyjnej

Factors Autologous tissue Alloplastic implants
(Czynniki) (Tkanki własne) (Wszczepy alloplastyczne)

Result persistence (Trwałość wyniku) +

Young age (Młody wiek) + +/−

Primary reconstruction (Pierwotna rekonstrukcja) +

Simplicity of procedure (Prostota zabiegu) +

Complication risk (Ryzyko powikłań) +/− +

Secondary complications: scars, look of skin patch +

(Wtórne zniekształcenia: blizny, obraz łaty skórnej)

Secondary procedures (Wtórne zabiegi) + +/−

Operation of second breast (Operacja drugiej piersi) ±

General health condition (Ogólny stan zdrowia) +

Post−reconstructive radiotherapy (Radioterapia porekonstrukcyjna) + +/−

Surgeon training (Wyszkolenie chirurga) +



a symmetric breast with suitable volume and pro−
jection. In the opinion of many authors, the treat−
ment result is not only better owing to reconstruc−
tion with implant use, but almost constant in long−
term evaluation [9, 10].

In women with contradictions for breast
reconstruction with abdominal wall tissue, it is
suggested to use the conventional (LD) or extend−
ed (ELD) latissimus dorsi flap. Some authors [2],
depending on the volume of adiposal tissue and
skin quality. use the ELD flap and superior gluteal
artery perforator flap interchangeably. As the
gluteal region always provides adequate tissue
volume for breast reconstruction, it can be consid−
ered the exclusive donor site especially in slim
patients [11]. Flaps from the thigh or the Rubens
flap are alternative methods which find application
solely in specific cases of selected patients whose
body build allows their application.

Free Flaps

Free Transverse Rectus
Abdominis Myocutaneous Flap

The free flap was introduced by Hölmstrom in
1979 [12] and the first study of consecutive results
was published in 1989 [7]. The pedicle consists of
the inferior epigastric vessels, the dominant ves−
sels supplying the abdominal walls and providing
good hemodynamic conditions in both flap zones
III and IV (Fig. 1). 

The main recipient vessels for the free TRAM
flap are the thoracodorsal vessels and internal

mammary vessels. In immediate reconstructions it
is suggested to use thoracodorsal vessels prepared
during mastectomy [8, 13]. However, there are
instances when there is a disproportion between
the diameters of the recipient and donor vessels,
particularly involving veins that may hinder anas−
tomosis [14]. Moreover, in about 40% of cases
a short pedicle imposes the application of a venous
graft [15]. Internal mammary vessels are proposed
in delayed procedures [13]. The pedicle length as
a rule suffices for proper flap placement, but the
preparation of these vessels requires the removal
of the third rib cartilage and anastomosis is ham−
pered by respiratory movements [14]. Some
authors [14] also suggest, particularly in immedi−
ate reconstruction, using the circumflex scapular
vessels as recipient vessels.

The free TRAM flap contains a marginal frag−
ment of the rectus abdominis muscle and its ante−
rior rectus sheath just beneath the skin island. To
minimize damage to the abdominal wall, so−called
muscle−sparing techniques were introduced based
on harvesting an as small as possible fragment of
muscle protecting the vascular pedicle. In this
manner one can save the lateral, or lateral and
medial, part of the belly, dissecting only a 2 × 2 cm
muscle fragment [16].

Contradictions to reconstruction with the
TRAM flap are the following serious systematic
disorders: artery hypertension, diabetes, and
autoimmunological diseases. The incidence of
complications is considerably higher in obese
patients (BMI > 30, 39.1%) than in women with
normal body weight (BMI < 25, 20.4%) [17].
Cigarette smoking is a relative contradiction. In
the case of active smokers it is advised to quit
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Fig. 1. Free transverse 
rectus abdominis myocuta−
neous flap (free TRAM
flap)

Ryc. 1. Wolny wyspowy
płat skórno−mięśniowy
z mięśnia prostego brzucha



smoking at least 3–4 to 6 weeks prior to the oper−
ation, which improves peripheral circulation and
had complication rates similar to those of non−
smokers [18, 19]. Despite the described successful
reconstructions using abdominal wall tissue in
patients who had prior abdominoplasty [20, 21], it
is believed that this type of reconstruction ought to
be avoided due to the risk of complications.

The complications of free TRAM flap surgery
include ischemic complications of the mastectomy
skin flap and, primarily, the TRAM flap blood
supply. Total flap necrosis occurs as a result of
flow disorders through the microvascular anasto−
mosis. In the case of pedicled flaps, necrosis
appears very seldom and is most often induced by
prior cholecystectomy, small diameters of superior
epigastric vessels, or excessive pedicle folding or
tension. Nevertheless, because of the indirect
blood supply of the skin island in pedicled flaps,
delayed healing, a consequence of partial flap
necrosis and adipose tissue necrosis, appears more
frequently (Table 2). More frequent complications
in smokers, obese patients, and those who under−
went radiotherapy [32] may be diminished by
using an additional vascular pedicle or delayed
flaps. In the case of harvesting large flaps or in the
presence of median abdominal scars, it is suggest−
ed to create an additional source of blood supply
of tissues contralateral to the pedicle with the so−
called “piggyback” technique resting on the junc−
tion of the distal end of the inferior epigastric
artery with the contralateral paraumbilical perfora−
tor [33]. 

Complications at the donor site can be divided
into aesthetic and functional ones. They involve
hematoma, seroma, partial necrosis of the abdom−
inal flap, abnormalities in wall contour caused by
their impairment without fascia damage, bulge of
the abdominal region, and hernia. The incidence of
these complications is between 0−44%. The most
common is abdominal wall weakness in the inferi−
or abdominal region [7, 15, 26, 30, 34–42]. The
greatest destruction of the abdominal walls

appears after harvesting traditional single and dou−
ble pedicled flaps [38] and is the result of harvest−
ing the rectus abdominis muscle and its anterior
sheath. Extensive abdominal wall preparation
increases the risk of necrosis especially in smok−
ing patients [2], whereas the presence of a pedicle
causes bulging in the epigastric region [36, 37].

Due to the possibility of creating a hernia, it is
equally important to repair the abdominal wall in
a solid and secure manner and reconstruct the
anatomical relations after TRAM flap harvesting,
so as to reconstruct a shapely breast. When har−
vesting a flap with the muscle−sparing technique,
a two−layer closure without tension of the anterior
sheath and oblique fascia, the use of synthetic
mesh material may considerably reduce complica−
tions [2, 36–39].

Deep Inferior Epigastric
Perforator Flap
The DIEP flap is harvested without the rectus

abdominis muscle and does not contain the anteri−
or rectus sheath [16, 41, 43] (Fig. 2). Only a small
incision of the anterior sheath and muscle dissec−
tion during preparation of the perforators and infe−
rior epigastric vessels results in very rare rates of
hernia. The skin island is supplied by one to three
perforators [16, 44] that ensure a blood supply that
is no less satisfactory than in the free TRAM flap
[16, 31, 43, 44]. Venous congestion occurs more
commonly (52% of patients), mainly involving
zone IV [31]. It is not recommended to perform
reconstruction with a DIEP flap in cases where the
volume of the reconstructed breast exceeds 1000
cm3 or when it is required to use over 70% of the
maximum size flap [16, 43]. An essential element
is the intraoperatively evaluated quality of the per−
forators and superficial inferior epigastric vein.
Presence of a dominant artery perforator with
a minimum diameter of 1–1.5 mm facilitates the
use of a DIEP flap, whereas in other cases it is rec−
ommended to convert to a muscle−sparing free
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Table 2. Vascular complications in patients with TRAM flap reconstruction (according to [5, 15–19, 22–31])

Tabela 2. Powikłania niedokrwienne w płatach TRAM (wg 5, 15–19, 22–31)

TRAM flap Complications (Powikłania) %

(Płat TRAM) Partial fat necrosis Partial flap necrosis Total flap necrosis
(Częściowa martwica (Częściowa martwica płata) (Całkowita martwica płata)
tkanki tłuszczowej)

Pedicled 7–26.9 5–13 0.3–3
(Uszypułowany)

Free 0–12.9 0–6.5 0–8
(Wolny)



TRAM flap [16, 43]. Noting a particularly dominant
superficial inferior epigastric vein about 1.5 mm in
diameter, which is evidence of its significant par−
ticipation in venous drainage from abdominal tis−
sues [16, 43], it is suggested to use it as an addi−
tional venous outflow from the flap [45]. 

Paraumbilical 
Perforator Flap 
In 1998. Koshima et al. introduced a free tis−

sue flap based on the paraumbilical perforator
(PUP) [46]. The flap position generally corre−
sponds to the location of the DIEP flap and its
maximum size depends on the quality of the per−
forators and amounts to 45 × 22 cm (Fig. 3). As the
flap’s pedicle is the perforator cut at the level of
the anterior rectus sheath, its pedicle is short and
vessel diameters are approximately 0.7 mm [47, 48].
Some authors [47] suggested including the intra−
muscular part of perforator, which allows pedicle
extension to approximately 7 cm and an increase
in vessel caliber. Despite the good aesthetic
results, this flap has not been widely implemented
due to technical difficulties [47].

Superior and Inferior Gluteal
Flaps

In 1976 the application of a flap based on the
superior gluteal vessels was described for the first
time in breast reconstruction [49]. The skin island
of the superior gluteal flap may be obliquely ori−
ented on the axis running from the posterior and

anterior iliac spine to the greater trochanter, or hor−
izontally oriented extending laterally to the end of
the gluteus maximus muscle and comprising
a fragment of the adipose tissue covering the ten−
sor fascia latae [50] (Fig. 4). A size of the skin
island of approximately 13 x 25–30 cm enables
primary wound closure at the donor site [11]. The
blood supply comes from the superior gluteal ves−
sels. The artery, the final branch of the interior
iliac artery, divides above the piriform muscle into
two branches: deep and superficial. Such a vessel
course and the short pedicle (3–5 cm) [51] are the
major technical inconveniences hampering anasto−
mosis and frequently requiring a venous graft,
especially at the junction with the thoracodorsal
vessels [52]. Hence the most often proposed recip−
ient vessels are the internal mammary vessels [53].
A flap modification is the superior gluteal artery
perforator flap. Its advantage is a longer vascular
pedicle and less morbidity at the donor site due to
sparing of the gluteal muscle [54, 55].

The inferior gluteal flap, mentioned for the
first time by Le Quang [56], is supplied by the
inferior gluteal artery, which is the final branch
coming from the interior iliac artery (Fig. 5). The
skin island is centrally positioned, just above the
gluteal fold [56]. Its advantages are easier prepara−
tion and longer vascular pedicle; moreover, the
scar is hidden in the gluteal fold [57]. During flap
preparation, a short (3–4 cm) length of the ischiat−
ic nerve is exposed which requires careful protec−
tion with local tissue to prevent sciatic neural−
gia [57]. Moreover, postoperative neuroma of the
posterior cutaneous nerve of the thigh may induce
chronic pain [11].
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Fig. 2. Deep inferior 
epigastric perforator flap
(DIEP flap)

Ryc. 2. Płat na 
perforatorach naczyń
nabrzusznych dolnych 
(płat DIEP)



Rubens Flap

A free osteocutaneous flap based on the deep
circumflex iliac artery (deep circumflex iliac
artery flap, DCIA) and containing a fragment of
iliac bone crest was described by Taylor et al. [58].
A modification with no bone, as a free cutaneous
flap, was suggested and described by Hartrampf 
et al. in 1994 [59] and was defined as the Rubens
flap. The great amount of adipose tissue in the iliac
region allows using this flap as an alternative
method in breast reconstruction. The blood supply
is provided by musculocutaneous perforators com−
ing from the descending branch of the deep cir−

cumflex iliac artery [60]. The pedicle is relatively
long (5–6 cm) and the vessels’ diameters are suit−
able for anastomosis with the axillary fossa or
internal mammary vessels [95]. The long axis of
the skin island runs parallel to the iliac bone crest.
To increase the volume, 1/3 of the flap must be
positioned beneath the iliac crest, which helps to
harvest fat tissue from the upper areas covering the
tensor fascia lata muscle and gluteal muscles. To
protect the vascular pedicle, one ought to prepare
together with the flap a fragment of oblique, inter−
nal, and horizontal fascia as well as periosteum
alongside the interior surface of the iliac crest [60].
It is widely held that the operation itself is more
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Fig. 3. Paraumbilical 
perforator flap (PUP flap)

Ryc. 3. Płat na perforatorze
okołopępkowym 
(płat PUP)

Fig. 4. Superior gluteal
artery perforator flap

Ryc. 4. Perforatorowy płat
pośladkowy górny



difficult than harvesting a free TRAM flap; on the
other hand, the operation is perceived as easier
than harvesting a free superior gluteal artery per−
forator flap [52]. During flap preparation, the lat−
eral cutaneous femoral nerve and sensory branch
of the Th12 nerve are spared, because their dam−
age might contribute to paresthesia and numbness
of the areas they innervate [11]. 

Lateral Transverse Thigh Flap
and Anterolateral Thigh Flap 

The lateral transverse thigh flap is a horizontal
variant of the myocutaneous flap from the tensor
fascia lata muscle. The skin island might be ori−
ented horizontally at the height of the so−called
“saddle bags”, i.e. the fat tissue of the greater
trochanter area, or obliquely, which facilitates aug−
mentation of its dimensions [11]. The anterolater−
al thigh flap is a universal flap that is gaining
a reputation in soft tissue reconstructions, espe−
cially in the head and neck area (Fig. 6).

The advantage of thigh flaps is the long and
easy−to−prepare pedicle of lateral circumflex ves−
sels peripherally entering the flap [51, 61, 62], with
an average diameter of about 11 cm [51] and ves−
sel diameters which correspond to the size of axil−
lary vessels. It is worth emphasizing that especial−
ly in the case of the anterolateral thigh flap, the
average weight, amounting to 410 g, may prove to
be insufficient for larger breast reconstruction [51].
The procedure might be performed simultaneously
by two teams without changing the patient’s posi−

tion, but damage to the donor site, i.e. deformation
of the thigh’s contour, is considerably great and the
scar is difficult to conceal. A major complication at
the donor site is a frequent accumulation of transu−
date fluid that requires prolonged drainage [11].

Reconstruction 
with Innervated Tissues
The objective is to reconstruct a symmetric and

shapely breast with a consistency approximating
that of the healthy breast. Much attention is devot−
ed to regain sensitivity in the reconstructed breast.
The patient has the opportunity to sense the recon−
structed breast as an integral part of her body.
Generally, sensitivity without sensory neurorraphy
begins to return to the reconstructed breast in the
period of one year following the procedure, but only
some women report that the level of sensation has
reached that of the healthy breast [63, 64]. Twenty−
seven months after the operation, 56% of women
with breast reconstruction with the latissimus dorsi
muscle evaluate the sensitivity as very good or
good, but as many as 70% of women find it poorer
than in the normal side [10, 65]. The lateral cuta−
neous branch of the dorsal primary divisions of the
seventh thoracic nerve, which controls the sensation
of the myocutaneous flap anastomosed to the later−
al cutaneous branch of the fourth intercostal nerve
controlling breast sensation, enables the recovery of
flap sensation to the level of the healthy breast after
one year [63, 64]. What is more, there are greater
chances of restoring erogenous sensitivity [66],
which returns only to a slight degree in reconstruc−
tions without neurorrhaphy [65]. 
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Fig. 5. Free interior gluteal
flap

Ryc. 5. Wolny płat poślad−
kowy dolny



The development of techniques applying
autologous tissue facilitates the reconstruction of
a more natural breast with a permanent aesthetic
result. Scars, contour changes, and deformations at
the donor site occasionally require corrective pro−
cedures modifying the symmetry. Knowledge of
the advantages and disadvantages of the various
flaps (Table 3) as well as clinical experience guar−

antee an individual approach and selection of the
best reconstructive method. Applying microsurgi−
cal techniques opened the way to the development
of various methods allowing the performance of
even the most extensive reconstructions with good
aesthetic results, contributing to successful reha−
bilitation and a return to normal psychosocial
functioning.
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Fig. 6. Anterolateral thigh
flap

Ryc. 6. Perforatorowy płat
przednio−boczny uda

Table 3. Comparison of flaps for autologous breast reconstruction

Tabela 3. Porównanie płatów stosowanych w rekonstrukcji piersi tkankami własnymi

Skin Bulk Contour Donor site Reliability Technical 
(Jakość (Ilość (Projekcja appearance (Pewność ease
skóry płata) tkanek) płata) (Wygląd miej− unaczynienia) (Łatwość 

sca dawczego zabiegu)
po pobraniu 
płata)

Free TRAM flap 
(Wolny płat TRAM) ++++ +++ +++ +++ +++ +++

Pedicled TRAM flap 
(Uszypułowany płat TRAM) +++ ++ ++ +++ ++ +++

Latissimus dorsi flap
(Płat z mięśnia najszerszego 
grzbietu) + + + ++ ++++ ++++

Gluteus flap 
(Płat pośladkowy) +++ ++++ ++++ +++ ++ ++

Rubens flap
(Płat Rubensa) +++ +++ +++ ++ +++ ++

Lateral transverse high flap
(Boczny poprzeczny płat z uda) ++ ++ ++ + +++ ++

+ poor, ++ average, +++ good, ++++ excellent (according to [11])

+ słaby,++ dostateczny, +++ dobry, ++++ doskonały (wg [11])
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