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Topic Editors:
Adrien Daigeler, BG-University Hospital Bergmannsheil, Germany
Björn Behr, BG-University Hospital Bergmannsheil, Germany

The develoment of plastic surgery techniques allows for preserving and reconstruction of 
function after resection of malignant tumors. From split thickness skin grafts to pedicled and 
free tissue transfer multiple techniques are at hand to restore body integrity. Sufficient soft 
tissue coverage allows for adjuvant radiation therapy or can cure its sequelae. Nerve, tendon 
and muscle transfers are used to regain motor function of the extremities. Even large bony 
defects can be treated by microsurgically transferring fibula, pelvic and femoral bone. In case 
main vessels need to be resected reconstruction is possible with autologous and artificial grafts. 
By means of plastic surgery thoracic and abdominal defects can be covered so that foremost 
unresectable tumors become curable. Unfortunately the knowledge of these techniques is 
not very popular with oncologic surgeons. Therefore we suggest as a clinical topic the role of 
reconstructive surgery in the multimodal treatment of oncologic patients. The focus will be on 
different areas of the body, therefore articels for reconstructional procedures at the head, the 
extremities, the trunk, the thoracic wall, the breast, and the foot will be invited. Another focus 
will be the role of reconstructive procedures in the multimodal treatment concept consisting 
of radiation and chemotherapy as well. By knowing and applying the opportunities of plastic 
surgery the quality of live of the oncologic patient can be significantly improved.
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The Editorial on the Research Topic

Plastic Surgery for the Oncological Patient

Secondary to various surgical and non-surgical innovations for malignancy treatment, survival times 
associated with disease have improved for most cancer entities over the recent decades. Prolonged 
survival permits many oncologic patients to experience longer lives despite their advanced cancer 
stage. Working along the fellow cancer specialists, such as the oncologist, radiotherapist, and other 
surgical subspecialties, the plastic and reconstructive surgeon can add valuable tools to the arma-
mentarium of oncological care in the palliative situation as well as importantly impact the cancer 
patient’s quality of life. Plastic surgery can help to cover defects after resection of ulcerating, bleeding, 
and fetid tumors. Painful ulcers can be excised and closed by tissue transfer. Large tumor masses 
causing pain or restrictions in function can be resected and defects covered. Patient care will be 
facilitated, and quality of life of the palliative patient will be improved, by allowing them to take part 
in social life for the time remaining.

Furthermore, plastic surgery techniques can be used to cover defects following curative tumor 
resection and, thereby, make resections possible that otherwise would not be compatible with life, 
such as large skull, thoracic, and abdominal wall resections. Tissue transfer allows for tension-free 
defect coverage and reduces wound complication rates and time to healing. Adjuvant radiation 
and chemotherapy can be administered early, and hospitalization is shorter. By augmenting the 
soft-tissue envelope, flap coverage can not only enable a timely start of radiation therapy but can 
also be used to mitigate its adverse effects by the transfer of healthy tissue in case of radiation 
ulcers. By tendon, nerve, or muscle transfers, reconstruction of motor function follows resection 
of nerves or important muscles. Vessels can be replaced by autologous or synthetic grafts. By 
a combination of these techniques, limb salvage is possible in most cases with malignancies at 
the extremities. In cases where limb salvage is not possible because of excessive tumor growth, 
advanced resection techniques like intra-thoraco-scapular amputations or hemipelvectomies may 
become necessary. Resulting defects can then be covered with remaining soft-tissue flaps from the 
amputated extremity. In situations where a complete resection of the tumor cannot be achieved, 
despite these techniques, it is even feasible to cover remaining tumor tissue with bulky flaps to 
delay ulceration.

Unfortunately, the oncologic plastic surgeon often faces the situation that patients are referred 
too late so that sufficient reconstruction is no longer possible, and ablative procedures need to be 
performed. Medical oncologists, radiotherapists, and other partners treating oncologic patients must 
be informed about the treatment options of plastic surgery. To spread the awareness of the possible 
values of plastic surgery techniques for the sake of the oncologic patient, several articles focusing on 
different areas of the body are combined in this ebook to give an overview.

The first article and section focuses on craniofacial oncology of scalp reconstruction. These 
patients are usually treated in cooperation with neurosurgeons who take care of the intracranial 
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tumor and bony reconstruction, while the plastic surgeon takes 
care of the soft-tissue coverage. The latissimus dorsi flap eventu-
ally combined with a parascapular flap is a save option; however, 
recipient vessels for the flap must be identified carefully. The mus-
cle part of the flap covered with split thickness skin graft results 
in an esthetical acceptable aspect and allows for wig placement.

The second series of articles deals with diverse options avail-
able for oncologic breast reconstruction as well as complex chest 
wall reconstruction in cancer.

Another article deals with the individualized breast reconstruc-
tion after mastectomy for breast cancer, including implant- and 
expander-based, flap-based, a combination of both, and breast 
reconstruction using fat grafting, giving the pros and cons for 
each technique. The following article refers to advanced stages of 
malignancies, making thoracic wall resections and reconstruc-
tions necessary. Possible reconstructional procedures are men-
tioned and weighed against the literature as well as information of 
the influence of thoracic wall resections on pulmonary function 
and quality of life is given.

The third section outlines the challenging aspects of truncal 
reconstruction, including the posterior aspect of the trunk, which 
challenges the plastic surgeon because of limited recipient vessels 
for free flap surgery and limited availability of large pedicled flaps. 
Therefore, an article illustrates alternative options ranging from 
vessel loops over combined perforator-based pedicled propel-
ler flaps to free flaps anastomosed microsurgically to recipient 
perforator vessels at the back.

Further down the human body, the perineal region often 
requires defect coverage after extensive tumor resections. The 
corresponding article points out the value of the pedicled VRAM 
flap for perineal defects but also shows alternatives, including ves-
sel loops for free flap reconstruction. In special cases, a two-stage 
procedure consisting of resection and vacuum dressing followed 
by definite coverage after confirmation of negative margins by the 
pathology report can be performed.

This strategy is also mentioned in the following articles of the 
fourth section dealing with reconstruction at the extremities. 

Although many studies have proven that the former dogma of 
wide excision can no longer be upheld in terms of recurrence and 
survival, complete resection should be achieved to reduce the local 
recurrence rate. In the extremities, functional structures, such as 
vessels and nerves, adjunct to the tumor should be preserved, but 
in some cases have to be resected with the tumor specimen. In 
these cases, functional reconstruction becomes necessary, which 
happens more often in the arm and especially the hand and foot 
than in the thigh or trunk because of the multitude of function-
ally relevant structures running in narrow spaces. In these cases, 
nerves, vessels, and muscles need to be replaced by microsurgical 
techniques or tendon tranfers perfomed. Additionally, free-tissue 
transfer is required in up to 70% after tumor resections to cover 
exposed bone, tendon or vessels. In special cases, even microsur-
gical bone transfer or prosthetic joint replacement is necessary. 
In these cases, co-operation with trauma or orthopedic surgeons 
is helpful to guarantee for the best possible functional outcome.

The last article and section discusses neoadjuvant and adjuvant 
treatment options, like radiation, chemotherapy, and isolated 
limb perfusion and their influence on plastic surgery techniques 
in terms of timing and complication rates.

While oncological safety remains of utmost importance, a 
multi-modal approach and advanced plastic surgery techniques 
can improve survival and quality of life as well as mitigate result-
ing functional deficits.

Due to the growing complexity of oncological care and the 
variety of disciplines involved, this can be best achieved in an 
inter-disciplinary setting of close collaborations (tumor boards, 
joint rounds, etc.) and is, therefore, well suited in specialized 
high-volume centers. The plastic and reconstruction surgeon 
should be an integral part to the combined multidisciplinary care 
of the oncologic patient.
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Microsurgical reconstruction of 
extensive oncological scalp defects
Ole Goertz1* , Leon von der Lohe1 , Ramón Martinez-Olivera2 , Adrien Daigeler1 ,  
Kamran Harati1 , Tobias Hirsch1 , Marcus Lehnhardt1 and Jonas Kolbenschlag1

1 Department of Plastic Surgery, BG University Hospital Bergmannsheil, Ruhr-University, Bochum, Germany, 2 Neurosurgical 
Unit, Department of Surgery, BG University Hospital Bergmannsheil, Ruhr-University, Bochum, Germany

Although most small to medium defects of the scalp can be covered by local flaps, 
large defects or complicating factors, such as a history of radiotherapy, often require a 
microsurgical reconstruction. Several factors need to be considered in such procedures. 
A sufficient preoperative planning is based on adequate imaging of the malignancy and a 
multi-disciplinary concept. Several flaps are available for such reconstructions, of which 
the latissimus dorsi and anterior-lateral thigh flaps are the most commonly used ones. In 
very large defects, combined flaps, such as a parascapular/latissimus dorsi flaps, can be 
highly useful or necessary. The most commonly used recipient vessels for microsurgical 
scalp reconstructions are the superficial temporal vessels, but various other feasible 
choices exist. If the concomitant veins are not sufficient, the jugular veins represent a 
safe back-up alternative but require a vessel interposition or long pedicle. Post-operative 
care and patient positioning can be difficult in these patients but can be facilitated by 
various devices. Overall, microsurgical reconstruction of large scalp defects is a feasible 
undertaking if the mentioned key factors are taken into account.

Keywords: plastic surgery, reconstruction, oncology, calvarial defect, head

introduction

The scalp covers the calvarium and consists of skin, subcutaneous tissue, the galea aponeurotica, 
loose areolar tissue, and the pericranium. If this cover is disrupted by trauma or the resection of 
malignancies, the exposed bone can succumb to infection and its potentially life-threatening com-
plications. Therefore, timely reconstruction of such defects is paramount.

For small and medium sized defects, local flaps are often sufficient. Such coverage by means of 
adjacent tissue gives a good color and texture match and even allows the reconstruction of the hair 
bearing area. However, in large defects or in patients with a history of radiation therapy, such options 
are often not feasible. In these cases, free tissue transfer becomes the first choice (1).

Interestingly, the microsurgical reconstruction of the scalp was one of the earliest applications 
of free tissue transfer. Already in 1972, McLean and Buncke covered a large scalp defect with a free 
omentum majus flap (2). Microsurgery and its reconstructive possibilities have evolved since then, 
but some general principles still remain of unchanged importance.

Therefore, the aim of this review is to illustrate several general and specific considerations in 
patients undergoing microsurgical reconstruction of large oncological scalp defects.
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General Considerations

A sufficient preoperative planning is essential for an extensive 
surgical procedure, such as the oncological resection and micro-
surgical reconstruction of malignancies of the scalp.

First, the surgical resectability of the tumor needs to be evalu-
ated. Although MRI provides good visualization of the soft tis-
sues and the tumor, CT-scans can aid in assessing the amount of 
involvement of the calvarium bone. In patients with an extensive 
history of operative interventions, such as neck dissections or 
radiation therapy, an angiography of the possible recipient ves-
sels can support preoperative decision-making and facilitate the 
intraoperative dissection. Based on the angiography findings (as 
well as in their absence), one should also devise a back-up plan 
in case the primary vessel can not be dissected due to scarring or 
does not show adequate flow after dissection.

Multiple soft-tissue and bone biopsies can aid in both an exact 
diagnosis of the malignancy and the planning of the surgical 
margins. Also, an adequate staging of the disease is paramount. 
Such complex cases should be preoperatively discussed in an 
interdisciplinary board of oncologists, neurosurgeons, and plastic 
surgeons. Here, not only the resection and reconstruction but 
also the use of (neo-)adjuvant radio- or chemotherapy should 
be discussed. Especially noteworthy in this regard is the trend 
toward less aggressive resections of sarcomas. Although the wide 
resection is still commonly recommended in sarcoma surgery, 
such an approach would render most of the sarcomas of the scalp 
to be considered not resectable. According to the findings in 
sarcomas of the extremities and recurrent sarcomas, less radical 
resections might be sufficient for most entities, as long as clear 
surgical margins are achieved (3, 4).

Only by incorporating all these findings, a reasonable treat-
ment plan can be devised. However, even the most elaborate 
surgical treatment plan cannot stand on its own and needs to 
be adjusted to the individual patient and their respective wishes. 
Especially in a palliative situation, invasiveness of the procedure 
and its potential complications need to be weighted carefully 
against the expected gain in quality of life. Nonetheless, even large 
reconstructions should not be shunned in the face of palliation, if 
the patient is capable and willing to undertake such a journey. In 
this way, defects that are painful, bleeding, and demand extensive 
wound care can be covered, enabling the patient to regain their 
independence and quality of life (5, 6).

The possibility to cover nearly any oft-tissue defect of the 
scalp via free tissue transfer enables a radical surgical resection. 
Often, this resection also has to include the calvarium bone and 
the dura. Such defects are commonly covered by custom-made 
methyl acrylate implants or titanium mesh implants and dura 
patch plasties. In some cases, a microvascular transplant can be 
used as a dermal reinforcement of such a dura plasty (7).

Soft-Tissue Reconstruction

A variety of free flaps have been described for the microsurgical 
reconstruction of the scalp (2, 8–10). The choice of free flap is 
mainly dependent on the size of the defect and the required pedicle 
length. Due to its size, the latissimus dorsi has become one of the 

work horse flaps for scalp reconstruction (11). It can be harvested 
as a sole muscle flap or musculocutaneous flap with an overlying 
skin paddle. Although this skin paddle facilitates clinical perfusion 
monitoring or/and could be use for extension of coverage, it is often 
very bulky due to the subcutaneous fat. In high risk cases requiring 
intense monitoring of the flap (coagulopathies, history of radiation, 
e.g.) such a skin paddle might be easier to monitor than the muscle 
itself. In such cases, one or more perforating vessel that supply the 
overlying skin paddle can be dissected in the initial operation. After 
isolating the paddle on these perforators, the muscle surface of the 
flap can be skin grafted, leaving only small gaps for the vessels (12). 
When the need for an intense clinical monitoring has subsided, the 
perforator-based skin paddle can be easily removed by ligating the 
vessels without the need for additional surgery. The initial bulk of 
the latissimus declines over the course of time and together with a 
split thickness graft results in a reasonable esthetic outcome. The 
case of a patient undergoing free latissimus dorsi coverage of the 
scalp following oncological resection is depicted in Figures 1–5.

In the beginning, we designed those skin islands on multiple 
perforators, but such large skin islands are often hard to fix to the 
underlying surface and can be compromised by shearing off due 
to their own weight. Therefore, a smaller island with one singled 

FiGURe 1 | intraoperative view of a patient with an oncological defect 
of the scalp. The latissimus skin paddle as well as the anatomical landmarks 
are marked.

Q1 

Q2 
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FiGURe 5 | Removal of the skin paddle after ligation and severing of 
the perforating vessels.

FiGURe 2 | The dissected superficial temporal vessels that will be 
utilized as recipient vessels.

FiGURe 3 | After fitting of the flap. Note the skin grafted muscle surface 
with leaves only small gaps for the vessels.

FiGURe 4 | Skin paddle of a latissimus dorsi free flap based on three 
perforator vessels 1 week after surgery.

Based on the same vascular tree, the (para-) scapular flap can 
be raised as a fascio-cutaneous flap that carries little bulk and 
sufficient pedicle length (13). Due to their common vascular tree, 
both the (para-)scapular and the latissimus flap can be harvested 
together, thus allowing for even larger defects to be covered. 
A disadvantage of harvesting the common vascular tree is the 
extensive diameter of the venular confluence and its mismatch 
with the tiny vein of the superficial temporal vessels. To achieve 
a smooth passage at the anastomosis, we utilize a chamfering 
technique that is discussed later. We prefer to place the paras-
capular flap with its good skin quality over the occipital bone and 
the latissimus muscle over the mid part of the calvarium. This 
way, the more resilient skin of the parascapular flap allows for a 
better cover when resting the head. Figures 6–9 depict the case 
of a patient undergoing total scalp resection for an angiosarcoma 
and the microsurgical reconstruction with a chimeric Latissimus/
Parascapular flap.

Another commonly used free flap is the anterior-lateral thigh 
flap (ALT). The mean achievable flap size is smaller than in the 

out perforator is often more feasible, especially since the option 
to use such a perforator island as another flap to close secondary 
defects is undesirable in this constellation due to the bulk of the 
subcutaneous fat.
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FiGURe 6 | intraoperative view after total full thickness scalp 
resection due to an angiosarcoma. Note the 26 cm × 26 cm sized defect 
and the planned parascapular flap with a size of 33 cm × 9 cm.
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FiGURe 9 | Follow up after 4 weeks.

FiGURe 8 | intraopearative view after fitting of the flaps. Note the more 
resilient skin cover of the parascapular flap over the occiput on which the 
head rests.

FiGURe 7 | The combined latissimus/parascapular flap after its 
elevation on the common vascular pedicle.

latissimus; however, it carries less initial bulk in slender patients. 
In cases where obliteration of dead space is required, the flap can 
be raised as a musculocutaneous flap that incorporates the vastus 
lateralis muscle. One of the main advantages of the ALT flap over 
the latissimus and the (para-)scapular flap is the possibility to 
harvest it in a supine position. However, in extensive scalp defects, 
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FiGURe 11 | A case of extensive squamous cell carcinoma of the 
scalp with infiltration of the calvarium.

FiGURe 10 | Schematic drawing of the technique employed in cases 
of large caliber differences between recipient and flap vessels by 
chamfering the lumen.
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the patient is often positioned in either a prone or lateral position 
to allow access to the entire defect thus negating this advantage.

A good alternative for medium to large defects is the gracilis 
muscle free flap. It can be expanded and also flattened by intra-
muscular dissection, allowing for a stable coverage without too 
much bulk (14). Also, similar to the latissimus flap, the appearance 
of the grafted muscle surface is often superior to the patch-like 
appearance of fascio-cutaneous flaps.

Other potential flap choices include the ulnar and radial 
forearm flaps. Both deliver little bulk and often require a less 
complex dissection than perforator flaps. However, the donor site 
including the loss of a major artery can be problematic. Therefore, 
these flaps are not the first choice in our hands.

Specific Considerations

One of the main things to be considered in microsurgical recon-
structions is the recipient vessels. Although there are several 
potential vessels available in the head and neck, the choice of 
the optimal vessel depends on various factors. Depending on the 
localization of the defect, the recipient vessels should be easily 
reachable with the anticipated pedicle length, thus eliminating 
the need for vein grafts. In patients with extensive previous 
operations, such as neck dissections or history of radiotherapy, 
the integrity of the vessels might be compromised or its dissection 
can be hindered by scars. Therefore, preoperative evaluation of 
their patency is recommended in such cases. Often, hand-held 
Doppler assessment is sufficient. However, in selected cases, an 
angiography can aid in the preoperative planning. As mentioned 
above, sometimes the primary “go-to” vessel can not be dissected 
due to scarring or shows insufficient flow. Therefore, a back-up 
plan needs to be devised beforehand.

Due to its easy access in the preauricular space and reliable 
course, the superficial temporal artery is one of the most com-
monly used recipient vessels in microsurgical scalp reconstruc-
tion (10, 15). However, there can be a serious discrepancy of the 
caliber between the flap and the recipient vessels, especially in 
chimeric flaps. To reach an appropriate size of recipient vessels, 
one can either extend the dissection proximally, which in turn can 
bring the need for the interposition of vein grafts. Although such 
grafts carry an intrinsic risk, a proximal anastomosis often has 
less tendency for spasms and can deliver a higher blood flow to 
perfuse even very large flaps. Also, in our experience, the super-
ficial temporal artery reacts quite sensitive to manipulation and 
its flow can easily become compromised due to vasoconstriction. 
However, by dissection of the artery to the level of the ear lobe the 
flow becomes sufficient in most cases.

Another option is to perform an end-to-end anastomosis 
after preparing both vessels in the way depicted in Figure  10. 
By chamfering the larger lumen of the flap vessel, a cone-like 
configuration can be achieved. This cone can then be adapted to 
the size of the recipient vessels by the numbers of sutures placed. 
In this way, the lumen can be tailored to the required size in a safe 
and reliable way. Such a procedure does also carry some intrinsic 
risk for thrombosis, therefore careful consideration of the recipi-
ent vessels need to be taken.

Other options of recipient vessels include the superior thyroid 
and the facial artery. In cases where the concomitant veins are 
not sufficient, the internal and external jugular veins represent a 
reliable alternative (10, 16).

Due to the tendency to rest the head on the occipital bone, 
post-operative positioning of patients with total scalp reconstruc-
tion can be problematic. To avoid pressure on the flap, the patient 
can be positioned in a sitting position with some support of the 
cervical spine. If post-operative ventilation is required, the patient 
can be brought into a prone position to allow for an absolute pres-
sure free environment for the flap. To facilitate this, special beds 
for the prone positioning of patients as seen in burn units can 
be used. However, both in sitting and prone positions, the risk 
for pressure sores is increased and therefore requires meticulous 
assessment of the soft tissues over high pressure areas.

Figures  11–15 depict the case of a patient with a neglected 
carcinoma of the skull and a reduced compliance due to a mental 
handicap. Even despite complete resection of the malignancy, the 
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Breast cancer is the leading cause of cancer death in women worldwide. Its surgical 
approach has become less and less mutilating in the last decades. However, the overall 
number of breast reconstructions has significantly increased lately. Nowadays, breast 
reconstruction should be individualized at its best, first of all taking into consideration 
not only the oncological aspects of the tumor, neo-/adjuvant treatment, and genetic 
predisposition, but also its timing (immediate versus delayed breast reconstruction), as 
well as the patient’s condition and wish. This article gives an overview over the various 
possibilities of breast reconstruction, including implant- and expander-based recon-
struction, flap-based reconstruction (vascularized autologous tissue), the combination 
of implant and flap, reconstruction using non-vascularized autologous fat, as well as 
refinement surgery after breast reconstruction.

Keywords: breast reconstruction, breast cancer, mastectomy, DieP flap, breast implants, autologous fat grafting

iNTRODUCTiON

Breast cancer is the leading cause of cancer death among women worldwide with ~1.7 million new 
diagnoses and 521.900 deaths in 2012 (1). One important modality of breast cancer therapy is surgi-
cal treatment, which has become increasingly less mutilating over the last century.

William Halsted introduced radical mastectomy including resection of the breast and its 
underlying pectoralis major muscle in order to cure all stages of breast cancer at the end of the 
nineteenth century (2). Approximately 40 years later, Patey described a less radical modified type 
of mastectomy with preservation of the pectoralis major muscle yielding comparable local control 
and overall survival compared to Halsted (3). In 1985, Fisher et al. introduced the concept of breast 
conserving therapy (BCT), demonstrating that lumpectomy – by that time regarded as segmental 
 mastectomy  –  followed by adjuvant radiotherapy of the remnant breast in patients with stage I 
and II breast cancer was indeed associated with an increased local recurrence rate, yet resulted in 
equal survival rates compared to mastectomy (4). Oncoplastic breast surgery, i.e., reshaping of the 
breast after local tumor resection, has shown to allow larger tumor excision, yet conserving large 
parts of the breast, maintaining shape (5) and resulting in improved quality of life and self-esteem 
(6). While surgical breast cancer treatment decreased in radicalness and invasiveness, breast cancer 
guidelines were defined, breast cancer screening programs were initiated, and breast centers offering 
an interdisciplinary and comprehensive therapeutical approach for breast cancer were established. 
This resulted in an increased detection and treatment of predominantly early breast cancers with 
improved survival rates and consequently superior esthetic outcome. Nowadays, BCT is a safe treat-
ment for most women with early-stage breast cancers and can be safely applied in 70–80% of the 
cases requiring surgical tumor removal (7). Though, the primary goal of BCT is to preserve shape 
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FiGURe 1 | The 43- and 63-year-old patients after modified radical 
mastectomy of the left breast (A), respectively, of both breasts (B). 
Indication for autologous reconstruction with a microvascular flap, particularly 
if skin and fat excess is available and adjuvant radiotherapy has been 
performed.
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and, to a lesser extent, size of the breast in order to best match 
the contralateral breast. Thereby, one should take into account 
that postoperative radiotherapy may result in some extent of 
tissue shrinkage (8). Although decreasing in number over the 
last two decades, the rate of mastectomy has again increased 
lately due to the detection of multifocal tumors, tumors with 
an extended in  situ proportion that is difficult to delimit and 
due to an unfavorable breast-to-tumor size ratio in rather thin 
patients with small-to-intermediate sized breasts. Furthermore, 
the awareness of the disease itself in the female population and 
the relatively frequent detection of a genetic predisposition to 
breast cancer (i.e., BRCA-1, BRCA-2, p53) have confirmed this 
trend toward an increased rate of mastectomy, be it curative or 
prophylactic (9).

Although BCT remains the absolute gold standard for surgical 
breast cancer treatment, many women must or wish to undergo 
mastectomy. Consequently, reconstruction of the breast must 
be offered, particularly in young patients. This article provides 
an overview of various reconstruction techniques of the female 
breast after both, breast cancer-related and prophylactic mastec-
tomy. This article does not cover partial breast reconstruction 
after extensive breast conservative therapy.

MASTeCTOMY

Mastectomy aims at resecting as much breast tissue as possible, 
knowing that glandular tissue will almost always remain in the 
region of the inframammary fold (10). Nowadays, basically 
two ways of mastectomy are performed, including skin-sparing 
mastectomy and total ablation of the breast. The latter consists 
of complete removal of both, breast skin and glandular breast 
tissue (Figure  1), whereas skin-sparing mastectomy preserves 
as much of the breast’s skin envelope as possible, including the 
areola and the nipple (skin-sparing mastectomy, areola-sparing 
mastectomy, nipple-sparing mastectomy, skin-reducing mastec-
tomy) and the inframammary fold. Furthermore, biopsy scars 
and skin overlying a tumor or even infiltrated by the tumor 
are excised in order to reduce the risk of local recurrence (11). 
Provided that the oncological indication is correct, skin-sparing 
mastectomy has been associated with equal oncological local 

safety and improved esthetic outcome compared to modified 
radical mastectomy (10). Furthermore, the need for secondary 
surgery to adjust the contralateral breast in order to achieve sym-
metry is reduced after skin-sparing mastectomy, particularly if 
autologous reconstruction with flaps is used (12).

Lately, prophylactic bilateral mastectomy has to be offered 
more and more frequently due to the increased detection of 
patients carrying a genetic mutation or predisposition to develop 
breast cancer (e.g., BRCA-1, BRCA-2, p53). Understandably, these 
women have high demands to the esthetic outcome that can be 
overcome with nipple-sparing mastectomy being accepted as the 
gold standard in patients with prophylactic mastectomies (13).

Noteworthy, skin- and nipple-sparing mastectomies are asso-
ciated with a high rate of ischemia-related wound breakdown 
and necrosis of up to 54%, which is a consequence of a critically 
impaired blood supply of the distant areas of the often very thin 
skin flap. Meanwhile, various approaches have been described to 
decrease ischemia-associated complications of the mastectomy 
skin flap, including surgical skin reduction of the mastectomy flap, 
temporary insertion of an expandable implant, and local applica-
tion of vasodilators. Interestingly, first clinical data have shown 
that local heat preconditioning was able to safely and significantly 
reduce ischemia-related mastectomy skin flap complications in 
patients with skin-sparing mastectomy and immediate breast 
reconstruction (14).

ReCONSTRUCTiON TeCHNiQUeS  
OF THe BReAST

Breast reconstruction depends primarily on the type of 
mastectomy and may be classified in various ways, such as 
reconstruction type and reconstruction time point. The latter 
includes delayed breast reconstruction (DBR; secondary breast 
reconstruction) and immediate breast reconstruction during the 
same surgery (IBR; primary breast reconstruction). IBR has the 
advantage of reducing the total number of surgical procedures. 
Since breast reconstruction per se represents an additional pro-
cedure to mastectomy, the potential surgery-related complica-
tions of both mastectomy and reconstruction accumulate due to 
prolonged surgery time, particularly if mastectomy is performed 
using a skin reducing or skin-sparing approach (hematoma due 
to bleeding of the mastectomy flap, ischemic complications of 
the mastectomy flap, infection, etc.), respectively, reconstruction 
is performed with implants. This has to be taken into consid-
eration in order not to postpone adjuvant therapy, i.e., foremost 
chemotherapy, to the disadvantage of the patient (15). Despite 
very effective diagnostic work-up of breast cancer and highly 
standardized neo- and adjuvant treatment regimes, IBR bears 
the risk that unforeseen adjuvant radiotherapy may compromise 
the final result of the reconstructed breast, such as capsular 
contracture in implant-based reconstructions, respectively flap 
shrinkage in autologous reconstructions. Therefore, many sur-
geons may tend to a DBR when using free (microvascular) flaps 
in cases of an invasive tumor requiring adjuvant radiotherapy. 
In order not to lose the skin envelope after skin-sparing mas-
tectomy, one can place a spacer until completion of adjuvant 
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FiGURe 2 | A 58-year-old patient before skin-sparing mastectomy for 
multifocal cancer of the left breast (A). Four years after primary 
reconstruction of the left breast using an implant in a subpectoral plane to 
cover the upper half of the implant and a resorbable mesh to prevent 
cranialization of the partially detached pectoralis major muscle, as well as 
reconstruction of the nipple–areolar complex (star flap for the nipple and 
tatoo of the nipple and neo-areola). Note the almost symmetric size and 
contour of both breasts (B).

FiGURe 3 | Typical donor site for abdominal flap-based breast 
reconstruction. A 57-year-old patient before (A) and 4 years after  
(B) harvesting a microvascular deep inferior epigastric perforator (DIEP) artery 
flap from the abdominal region. Note the adipocutaneous excess cranially 
and distally of the umbilicus, the almost invisible scar at the umbilicus and the 
suprapubic region, as well as the significantly improved abdominal contour 
[profile view (A,B)]. The reconstructed breast of this patient is shown in 
Figure 6.
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therapy. Nonetheless, IBR is advantageously associated with a 
reduced recovery time, a better esthetic outcome, an improved 
quality of life, and, finally, lower surgery- and recovery-related 
costs (16–18).

Nowadays, the seek for bilateral prophylactic mastectomy 
particularly in women with a genetic predisposition for breast 
cancer (e.g. BRCA-1, BRCA-2, p53) increases and accordingly 
represents an ideal indication for IBR of any type, knowing that 
neither adjuvant chemotherapy nor adjuvant radiotherapy will 
be required (19).

Generally, three different approaches of breast reconstruction 
may be considered: (1) breast reconstruction using implants 
and skin expanders, (2) breast reconstruction using flaps (vas-
cularized autologous tissue), and (3) breast reconstruction using 
non-vascularized lipoaspirate autologous fat. In the following, 
the different approaches will be briefly highlighted, including the 
advantages and disadvantages of each approach.

Breast Reconstruction Using implants and 
Skin expanders
The use of implants and skin expanders is not only the oldest way 
to reconstruct a breast but also the quickest and presumably easi-
est method of breast reconstruction. Accordingly, implant-based 
breast reconstruction is by far the most often used technique 
worldwide (9, 20). The prerequisite for implant-based breast 
reconstruction is an adequate skin envelope that allows covering 
the implant that is usually introduced in a submuscular plane 
detaching the medial insertions of the pectoralis major muscle 
from the ribs.

Implant-Based Breast Reconstruction
Basically, the first “implant”-based breast reconstruction was 
performed 1895 by Vincenz Czerny, who used a patient’s lipoma 
from the lumbar region to reconstruct a post-surgical asymmetry 
after tumor removal (21).

Cronin and Gerow fathered the modern era of silicone gel-
filled breast implants and so allowed DBR (22, 23). Nowadays, 
fifth generation silicone gel-filled breast implants that contain a 
highly viscous and more or less form-stable gel are usually used. 
The implants are available in both, round and anatomical shape 
and vary in width, height, and projection (profile). Implant-based 
breast reconstruction is used in women who do not want any 
additional scars (flap harvesting) (Figure 2) or do not have any 
adequate flap donor site (e.g., lean patient, pre-existing scars, and 
medical conditions).

Implant-based breast reconstructions prone to develop 
implant-related local complications during the subsequent 
10 years with a risk for a reoperation of 70% (24). Approximately 
25 and 35% of the patients are being diagnosed with severe capsu-
lar contracture and, respectively, implant rupture (25). This high 
complication rate results from the thin skin envelope remaining 
after mastectomy, which does not provide any robust coverage 
of the implant. This complication rate does neither consider 
breast shape deformity and asymmetry in the context of mild to 
moderate capsular contracture nor does it consider an even worse 
outcome in implant-based breast reconstruction with irradiated 

skin. De facto, breast reconstruction using implants may yield 
very nice long-term results that suffice many patients, yet the 
implant will always remain more or less fixed to the thoracic wall 
and consequently the breast maintains a unique shape, indepen-
dently from the patient’s posture. Finally, implant-based breast 
reconstruction will not allow recreating a naturally shaped ptotic 
breast in most patients, and therefore often requires adaptive 
surgery of the contralateral breast to achieve symmetry. Though, 
implant-based breast reconstruction prevents from “collateral 
damage,” such as scars, contour deformity, and muscular weak-
ness, as it might be seen after flap harvesting for flap-based breast 
reconstruction (Figure 3).
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FiGURe 4 | Typical donor site for myocutaneous latissimus dorsi 
flap-based breast reconstruction. A 36-year-old patient before (A) and 
2 years after secondary reconstruction of the left breast using a pedicled 
myocutaneous latissimus dorsi flap (B). The skin island is harvested along the 
posterior axillary line. Note the well concealed scar (usually in the bra-line) 
that does not interfere with the back of the patient, yet skin and muscle 
harvesting result in a slight contour deformity of the periscapular region 
[arrow; (B)]. The reconstructed breast of this patient is shown in Figure 5.
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Expander-Based Breast Reconstruction
The technique of tissue expansion has first been described by 
Radovan in 1976, and since then, it has been used on a regular 
base in order to recreate the amount of lost skin after mastec-
tomy through stepwise expansion of the remaining chest skin 
(26). Ideally, the contralateral breast volume should not exceed 
a volume of 300–400  g. Typically, patients with pre-expansion 
of the breast skin undergo secondary breast reconstruction 
with implants. In selected cases, especially in young and skinny 
patients with insufficient skin laxity, yet enough adipose tissue 
to reconstruct a breast mound of ~300–350  g, one might pre-
expand the breast skin after mastectomy in order to substitute the 
expander with an autologous flap.

The main drawback of skin expansion are the frequent out-
patient visits to gradually fill the expander, the need for an addi-
tional procedure (i.e., expander removal for permanent implant 
or flap) and the relatively high rate of complications, such as 
infection, capsular contracture, and skin perforation (27).

Alternatively, skin expanders can be used as “spacers” after 
skin-sparing mastectomy in order not to lose the skin pocket. 
This approach is particularly helpful in patients who are sure to 
get adjuvant radiotherapy of the skin and/or the thoracic wall. 
Indeed, postoperative radiotherapy will not significantly increase 
the rate of flap-related complications (28). Yet, IBR is more and 
more frequently performed using microvascular (free) flaps 
despite postoperative radiotherapy. However, we currently do not 
know at what extent the flap will indurate and shrink at long-term 
follow-up.

Breast Reconstruction with Acellular Dermis
The use of acellular dermal matrices in implant- and expander-
based breast reconstruction has lately become more and more 
popular. Matrices are usually of human, porcine, or bovine 
origin. They have shown to improve esthetic outcome and reduce 
implant-related morbidity (29), such as a decreased rate of cap-
sular contracture (30–32), an improved tolerance to radiotherapy, 
and a more natural anatomical reconstruction of the inframam-
mary fold and final breast contour (33).

Nahabedian demonstrated a high safety and excellent results 
using acellular dermis in a 12-year follow-up, even in the setting 
of reconstruction after infection or radiotherapy. However, other 
authors reported several matrix-related complications, such as 
hematoma, infection, and foremost late seromas (29). The use 
of matrices is again and again associated with a rather high rate 
of early complications. Lardi et al. have demonstrated that these 
complications were mostly related to patient characteristics and 
a learning curve, highlighting the importance of patient selection 
and technical principles (34).

Breast Reconstruction Using Flaps 
(vascularized Autologous Tissue)
The myocutaneous flaps that are being used for breast reconstruc-
tion have a long history, although the techniques of today are much 
more sophisticated than those of the past. Louis Ombredanne 
from France was the first to use a pedicled pectoralis muscle flap 
for IBR in 1906. Differently as his colleagues, Ombredanne was 
the first who wittingly tried to reconstruct not only the skin defect 

after mastectomy but also the breast mound that was considered 
at that time a “luxury” procedure with limited indications (35). 
Almost simultaneously, Tanzani from Italy used the pedicled 
myocutaneous latissimus dorsi flap to close mastectomy defects 
for the first time.

Flap surgery for breast reconstruction has been performed on 
a regular base, since the mid 70s, initially using both, tubed flaps 
from the abdomen (36) and thoraco-epigastric, necessitating 
several surgical stages (23). The initial attempts were still not able 
to really reconstruct the breast mound and therefore primarily 
aimed at resurfacing the thoracic wall’s defects after radical 
mastectomy. Finally, it was the introduction of the myocutaneous 
latissimus dorsi flap with its overlying skin island, as described by 
Tanzani 70 years earlier, which allowed to restore mastectomy-
induced skin loss and to a lesser extent also volume loss (37–39).

Almost at the same time, Bostwick described the combined use 
of the myocutaneous latissimus dorsi flap and a silicone implant 
to consistently provide adequate skin coverage, respectively, to 
restore the breast mound in postmastectomy reconstruction (40).

The advantage of the latissimus dorsi flap is its rather consistent 
anatomy and therefore easy flap harvest. However, flap transfer 
from the back can be associated with highly visible scars, contour 
deformity of the thorax ventrally and the back dorsally as well as 
animation of the skin/muscle-implant complex of the pectoralis 
major respectively latissimus dorsi muscle due to innervation 
of the latter one (Figure  4). Otherwise, the muscle undergoes 
atrophy of 50–75% of its volume unconditionally, almost always 
requiring an implant to restore volume, unless the patient is 
rather thin (Figure 5).

Since this reconstructive approach combines two basic tech-
niques of reconstructive surgery, i.e., skin replacement with the 
flap and volume restoration with the implant, the patients are 
subject to an accumulation of the two technique’s morbidities, 
which might be significant, particularly years after reconstruc-
tion. Tarantino et  al. demonstrated that 57% of the patients 
treated with a latissimus dorsi flap and implants had revisional 
surgery for implant replacement or implant removal after a mean 
follow-up of 10 years, and concluded that the indication for this 
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FiGURe 5 | A 36-year-old patient 3 years after modified radical 
mastectomy of the left breast and adjuvant radio-chemotherapy. Note 
the oblique scar and rather large skin envelope in a thin patient (A). Two 
years after secondary reconstruction of the left breast using a pedicled 
myocutaneous latissimus dorsi flap without implant and reconstruction of the 
nipple–areolar complex (star flap for the nipple and tatoo of the nipple and 
neo-areola). Note the almost symmetric neckline and the slight volume loss of 
the lower pole of the breast resulting in contour deformity (B). The donor site 
of this patient is shown in Figure 4.
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procedure should be restricted to patients who do not qualify for 
either implant-based or flap-based breast reconstruction (41).

In 1987, Hokin and Silfverskiold described the use of an 
extended latissimus dorsi flap to avoid the use of an implant. The 
flap’s volume was significantly increased by dissecting the subcu-
taneous fat surrounding the skin island (42). Unfortunately, donor 
site morbidity increased dramatically, including prolonged seroma 
respectively wound dehiscence rate, and contour deformity (43).

The true progress in flap-based breast reconstruction occurred 
in 1982 when Hartrampf and colleagues used the cranially pedi-
cled rectus abdominis muscle flap with a horizontally oriented 
adipocutaneous skin island (TRAM flap) supplied by the deep 
superior epigastric artery to anatomically reconstruct volume and 
shape of the breast in one single stage without using implants (44).

Although this procedure was able to both, restore the ablated 
breast and improve abdominal contour despite scars at the 
umbilicus and the waistline, following significant disadvantages 
have to be taken into consideration: a high tissue-to-blood supply 
ratio of the flap, protracted recovery of the patient and abdominal 
wall weakness, including bulging and herniation due to sacrifice 
of the rectus abdominis muscle and large part of its anterior fascia.

To overcome these drawbacks of the donor site of the pedicled 
TRAM flap, Arnez and colleagues and Grotting et  al. popular-
ized the free TRAM flap, i.e., the microvascular anastomosis of 
at least one artery and one vein of the flap to recipient vessels. In 
doing so, the authors were able to demonstrate a more limited 
harvest of the rectus abdominis muscle, a safer transfer due to 
improved perfusion originating from the larger caudal pedicle 
(deep inferior epigastric artery instead of deep superior epigastric 
artery), and an improved medial breast contour due to the lack of 
tunneling of the flap’s cranial pedicle (45, 46). Further refinement 
of the surgical technique over time aimed at decreasing as much 

as possible the weakening of the abdominal wall despite transfer-
ring most of the abdominal skin and its underlying subcutaneous 
tissue, including muscle sparing free TRAM flap (47), fascia 
sparing free TRAM flap (48), to finally achieve complete muscle 
preservation. The latter was obtained by dissecting the vascular 
pedicle of the adipocutaneous abdominal flap perforating the 
rectus abdominis muscle (deep inferior epigastric perforator 
(DIEP) artery flap) as described by Allen and Treece (49) and 
Blondeel and Boeckx (50) (Figure  6). The concept of this so-
called “perforator flap” or DIEP flap has somehow revolutionized 
breast reconstruction by maximizing the amount of safe tissue 
transfer, yet minimizing donor site morbidity. Abdominal tissue 
is very suitable for breast reconstruction, since many patients 
have a certain abdominal excess of skin and fat. Consequently, 
autologous breast reconstruction using a DIEP flap nowadays 
represents the gold standard. In case of concomitant chronic 
lymphedema of the arm after sentinel lymph node biopsy, axillary 
lymph node dissection and or/radiotherapy of the lymph node 
basins, one can surgically address this problem using lympha-
ticovenous anastomosis or microvascular lymph node transfer. 
The latter can easily be combined with a DIEP flap, since the flap 
mostly consists of the lymph nodes in the groin area lateral to the 
femoral vessels and depends on the pedicle originating from the 
superficial inferior epigastric vessels (51). Given that not every 
women is suitable for breast reconstruction using abdominal skin 
and fat, many more donor sites were described in the following 
years, aiming at harvesting the most suitable microvascular flap 
to best personalize breast reconstruction. This included, among 
others, the superior gluteal artery perforator (sGAP) flap (52), 
the inferior gluteal artery perforator (iGAP) flap (53) from the 
gluteal region, the fasciocutaneous infragluteal (FCI) flap (54), 
the profunda femoral artery perforator (PAP) flap (55) from the 
infragluteal region, and the transverse myocutaneous gracilis 
(TMG) flap from the inner thigh region (56).

FiGURe 6 | A 57-year-old patient 2 years after modified radical 
mastectomy of the left breast and adjuvant radio-chemotherapy. Note 
the lack of skin and volume (A). Four years after secondary reconstruction of 
the left breast using a microvascular deep inferior epigastric perforator (DIEP) 
artery flap from the abdominal region and reconstruction of the nipple–areolar 
complex (star flap for the nipple and tatoo of the nipple and neo-areola). Note 
the almost symmetric size and contour of both breasts without corrective 
surgery of the non operated contralateral breast (B). The donor site of this 
patient is shown in Figure 3.
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FiGURe 7 | A 58-year-old patient 2 years after modified radical 
mastectomy of the left breast, adjuvant radio-chemotherapy, and 
secondary expander–implant-based reconstruction. The patient 
developed a capsular contracture Baker grade IV with a hard, deformed, and 
painful breast fixed to the thoracic wall (A). One year after implant removal, 
radical capsulectomy and secondary reconstruction of the left breast using a 
microvascular deep inferior epigastric perforator (DIEP) artery flap from the 
abdominal region. Note the contour deformity in the neckline and upper pole 
region of the breast resulting from partial fat necrosis of the flap (B). 
Approximately 1.5 years after refinement of the contour deformity using two 
sessions of autologous fat grafting. Note the almost symmetric size and 
contour of both breasts (C).

TABLe 1 | Advantages and disadvantages of implant-based versus 
autologous tissue-based techniques of breast reconstruction.

implant-
based breast 
reconstruction

Autologous tissue-
based breast 
reconstruction

Duration of surgery (h) 1–2 4–6
Infrastructural effort Low Higha

Surgical complexity Low High
Donor site None Depending on flapb 

(abdominal, thigh, 
gluteal, dorsal region)

Complication rate (30 days) 
(implant-, respectively, flap-
related) (%)

2–4 2–4

Complication rate 
(long-term)

Higher (due to 
capsular contracture)

Lower

Long-term reoperation rate More likely Less likely
Patient satisfaction Short-term Long-term

aMicroscope, specific instruments, trained personnel (nurses in OR).
bDiscomfort, pain, scars, abdominal bulging, hernia, asymmetry, and contour deformity.
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Nowadays, the internal mammary artery and its concomitant 
vein are predominantly used as the recipient vessels. Alternatively, 
the arterial branches originating from the subscapular artery 
(e.g., thoracodorsal artery, circumflex scapulae artery) or sternal 
perforators arising through the pectoral muscle are used.

Although breast reconstruction using autologous flap tissue 
allows a natural and durable result, flap harvest will cause a 
“collateral damage” at the flap’s donor site, including potential 
surgery-related complications, scars, contour deformity, and func-
tional impairment. Furthermore, microvascular flap-based breast 
reconstruction is not only technically more demanding, but also 
requires more infrastructures within a breast reconstruction unit, 
as compared to implant-based breast reconstruction (Table 1).

Fat Graft-Based Breast Reconstruction 
Using Non-vascularized Lipoaspirate Fat
Autologous fat grafting (AFG; lipografting, lipofilling) describes 
the harvesting of the patient’s fat using liposuction followed by 
its reinjection into the tissue to be corrected or augmented. Fat 
grafting to the breast is more than 100 years old since Holländer 
corrected a retracted scar after mastectomy by injecting parceled 
fat into the scar (57). AFG to the breast has become a popular 
tool over the last 20  years, both in esthetic and reconstructive 
surgery. Regarding the breast, AFG has proven to be particularly 
effective to correct post-surgical irregularities, such as contour 
deformities and volume asymmetries after BCT, “rippling” after 
implant-based reconstruction and improvement of the transition 
zone between flap and skin in the neckline (58–60), as well as the 
preparation of the postmastectomy irradiated chest wall prior to 
implant placement (61). In selected cases, de novo reconstruc-
tion of the breast by means of AFG has shown very promising 
results. The patient must have several donor sites equipped with 
fat, because the reconstructive procedure usually takes four to 
six stages of fat grafting, each separated by 3 months at least (62). 
Irradiated skin does almost preclude this approach, since injected 
fat is not engrafted as desired (63).

Autologous fat grafting is a “natural” filler, and unlike syn-
thetic fillers will neither induce any foreign body reaction nor 
be resorbed completely. Today, harvesting of the fat is discussed, 
among others, with regard to composition of the infiltration 
solution, to diameter and shape of the harvesting cannula and to 
suction forces. In order to be structural, injection of the fat should 
be performed in small aliquots using blunt cannulas in multiple 
directions and multiple layers. This multi-planar approach maxi-
mizes the fat-to-tissue contact, thereby the exposition of non-
vascularized fat to vascularized host tissue (64). Consensus exists 
on the fact that fat may not be injected into the glandular tissue of 
the breast. Commonly, 60–70% of the injected fat is engrafted to 
the host tissue. Fat necrosis and oil cysts are common complica-
tions after AFG and occur in ~5% (65). Unfortunately, necrosis of 
the grafted fat might also be associated with microcalcifications, 
which sometimes may be difficult to distinguish from malignant 
breast cancer-associated microcalcifications (66). Presumably, the 
radiologist is an expert, fat grafting-induced microcalcifications 
do no impact on the radiological follow-up (67). Yet, this fact 
may unsettle the patient who has to appear for regular follow-up 
imaging and eventually undergo diagnostic biopsy to exclude 
malignancy.
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Currently, fat grafting to the breast is controversially discussed, 
particularly in the presence of remaining glandular breast tissue, 
as, for example, after BCT. Grafted fat that naturally contains 
progenitor and stem cells has lately been associated with breast 
cancer progression and metastasic spread in an experimental set-
ting (68, 69). Despite the lack of prospective follow-up studies, fat 
grafting to reconstruct or to refine a breast after mastectomy and/
or after breast reconstruction – BCT not included – is nowadays 
considered safe (70–72).

ReFiNeMeNT SURGeRY AFTeR  
BReAST ReCONSTRUCTiON

After breast reconstruction, particularly if breast reconstruction 
is performed unilaterally, refinement surgery may be necessary to 
reach symmetry of the breasts with regard to shape, contour, and 
size. The procedures usually consist of mastopexy, breast reduc-
tion, or breast augmentation using implants. Nowadays, AFG 
is often used to correct small volume asymmetries and contour 
deformities. The latter may occur after implant-based breast 
reconstruction (e.g., “rippling”), as well as after flap-based breast 
reconstruction (e.g., partial fat necrosis of the flap, transition zone 
between flap and neckline cranially). Refinement surgery is usually 
offered not earlier than 3 months after reconstruction or 6 months 
after completion of adjuvant radiotherapy. Fat grafting has often 
to be repeated. Its engraftment rate is ~60% (~40% fat resorption) 
(Figure 7). Last but not least, mastectomy is associated with the 
loss of the nipple–areolar complex (except for nipple-sparing 
mastectomy), requiring its reconstruction. Many techniques of 
reconstruction are available, including local flaps of the adjacent 
skin, skin grafts, tattoo, and a combination of all techniques.

CONCLUSiON

Breast cancer is the leading cause of cancer death in women. Its 
surgical approach has become less and less mutilating, allowing for 
70–80% of the operated cases to undergo (BCT) that has proven to 

be as safe as mastectomy with regard to overall survival. In other 
words, 20–30% of the operated women are subjected to mastec-
tomy. Since ~25 years, the skin-sparing mastectomy approach is 
an alternative to ablation of the breast allowing for better esthetic 
results due to preservation of the breast’s skin envelope, yet from an 
oncological point of view as safe as mastectomy. Other than mas-
tectomy, skin-sparing mastectomy needs immediate reconstruc-
tion in order not to lose the skin envelope that unreconstructed 
will inevitably retract and shrink to the level of the thoracic wall. 
Nowadays, breast reconstruction should be personalized at its best, 
first of all taking into consideration not only the oncological aspects 
of the tumor, neo-/adjuvant treatment and genetic predisposition, 
but also its timing (IBR versus DBR), as well as the patient’s condi-
tion and wish. Despite this complex decision-making including 
many aspects, the overall number of breast reconstruction has 
lately considerably increased. Breast reconstruction itself can 
basically be classified into three categories, including (1) implant- 
and expander-based breast reconstruction, (2) flap-based breast 
reconstruction (vascularized autologous tissue), a combination of 
both (flap and implant), and (3) breast reconstruction using fat 
grafting (non-vascularized autologous lipoaspirate fat). However, 
fat grafting is predominantly used to refine post-reconstructive 
asymmetries. Nowadays, it is of importance that every woman 
having a high risk constellation (family history), being diagnosed 
with a genetic mutation and/or being affected with breast cancer 
gets the possibility to be presented to a multidisciplinary board of 
a certified breast center prior to surgery in order to be informed 
about all treatment modalities, including the various modalities of 
breast reconstruction. The goal of this multidisciplinary board is 
to best personalize breast reconstruction, of course putting to the 
fore the adequate oncological treatment. The patients also need 
to know the advantages and disadvantages of any reconstructive 
option, including the presumably less complex implant-based 
techniques that may result in high temporary satisfaction without 
any donor site morbidity and likelihood of reoperation due to 
capsular contracture and the clearly more complex flap-based 
techniques that will yield in high long-term satisfaction with the 
risk of donor site-associated complications.
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introduction: Surgical treatment of malignant thoracic wall tumors represents a for-
midable challenge. In particular, locally advanced tumors that have already infiltrated 
critical anatomic structures are associated with a high surgical morbidity and can result 
in full-thickness defects of the thoracic wall. Plastic surgery can reduce this surgical 
morbidity by reconstructing the thoracic wall through various tissue transfer techniques. 
Sufficient soft-tissue reconstruction of the thoracic wall improves quality of life and miti-
gates functional impairment after extensive resection. The aim of this article is to illustrate 
the various plastic surgery treatment options in the multimodal therapy of patients with 
malignant thoracic wall tumors.

Materials and methods: This article is based on a review of the current literature and 
the evaluation of a patient database.

Results: Several plastic surgical treatment options can be implemented in the curative 
and palliative therapy of patients with malignant solid tumors of the chest wall. Large 
soft-tissue defects after tumor resection can be covered by local, pedicled, or free flaps. 
In cases of large full-thickness defects, flaps can be combined with polypropylene mesh 
to improve chest wall stability and to maintain pulmonary function. The success of mod-
ern medicine has resulted in an increasing number of patients with prolonged survival 
suffering from locally advanced tumors that can be painful, malodorous, or prone to 
bleeding. Resection of these tumors followed by thoracic wall reconstruction with viable 
tissue can substantially enhance the quality of life of these patients.

Discussion: In curative treatment regimens, chest wall reconstruction enables complete 
resection of locally advanced tumors and subsequent adjuvant radiotherapy. In palliative 
disease treatment, plastic surgical techniques of thoracic wall reconstruction provide 
palliation of tumor-associated morbidity and can therefore improve patients’ quality of life.

Keywords: thoracic wall, chest wall, tumor, sarcoma, breast cancer, reconstruction, flaps

iNTRODUCTiON

The majority of thoracic wall defects result from the surgical resection of malignant tumors during 
curative or palliative attempts. These malignant tumors arise from all different anatomic structures 
of the thoracic wall and consequently vary in pathology and prognosis. Solid malignancies of the 
thoracic wall include primary thoracic wall tumors and metastatic lesions as well as locally invading 
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malignancies from adjacent tissues and organs, such as breast 
cancer, lung cancer, mediastinal neoplasms, and mesothelioma. 
The most common primary thoracic wall tumors are bone and 
soft-tissue sarcomas. Approximately 55% of the primary malig-
nant chest wall tumors arise from the bone or cartilage, whereas 
45% originate from the soft tissue (1, 2). Chondrosarcomas are 
the most common skeletal malignancies of the thoracic wall 
and commonly occur in the anterior thoracic wall (3). In the 
heterogeneous group of soft-tissue sarcomas, not otherwise 
specified sarcomas (NOS) and liposarcomas are known to be the 
most frequent primary soft-tissue sarcomas of the thoracic wall 
(4). Notably, the incidence of radiation-induced angiosarcomas 
of the chest wall is increasing due to the prolonged survival of 
women irradiated for primary breast cancer and will present a 
therapeutic challenge in the future (5). In patients with primary 
chest wall tumors and radiation-induced angiosarcomas, nearly 
all treatment regimens involve the surgical resection of the tumor 
with clear margins, usually followed by adjuvant radiation and/
or chemotherapy depending on the histologic entity. However, 
surgical resection and reconstruction of the thoracic wall are 
also suitable for other patients besides those with primary 
tumors. Increasing knowledge in all fields of modern medicine 
and effective treatment modalities for different types of cancer 
continuously increase the survival of patients with metastatic 
or locally advanced disease stage. The incidence of metastatic 
lesions of the chest wall and locally invading tumors from the 
breast and lung will become more frequent in the future. Thus, 
palliative treatment options with as little perioperative morbidity 
as possible will become increasingly important. In this palliative 
setting, resection of painful, odor-intensive, and bleeding tumors 
with subsequent thoracic wall reconstruction seems to be a 
valid option to increase the quality of life at least for a period of 
time. Hence, careful planning and individualized treatment are 
particularly important in these patients to provide a safe and fast 
recovery.

Nevertheless, partial- and full-thickness thoracic wall resec-
tions combined with reconstruction still represent a formidable 
surgical challenge, but improvements in surgical technique, 
intensive care, and rehabilitation have led to reduced periopera-
tive morbidity and mortality (6, 7). In the surgical field, plastic 
surgery procedures enable oncologic tumor resection, recon-
struction of the thoracic wall, and adjuvant radiotherapy by 
improving the local tissue situation (8). Moreover, plastic surgical 
reconstruction of the thoracic wall provides sufficient stability to 
maintain pulmonary function. Pulmonary function parameters 
are reduced only moderately and are not significantly affected by 
the size of the resection or its location (9).

In the following article, we will discuss the different options 
for thoracic wall reconstruction after oncological resection by 
examining a series of cases from our institution and a review of 
the literature.

PReOPeRATive evALUATiON

Preoperative evaluation should be performed properly and in a 
multidisciplinary manner with pulmonary and cardiac function 
tests. In particular, patients with chronic obstructive pulmonary 

disease should be treated preoperatively to optimize pulmonary 
function before surgery. Postoperatively, patients with cardiac or 
pulmonary disorders should be treated in the intensive care unit, 
and early extubation and active respiratory therapy should be the 
most important treatment goals. Chest X-ray, CT, and MRI can be 
used as diagnostic tools to assess the imaging appearance of tho-
racic wall tumors. CT can provide additional information about 
calcification, bone destruction, and vascularity of the tumor, 
whereas MRI provides more soft-tissue details. Precise radiologi-
cal examination with detailed information about tumor location 
and extent is essential for proper surgical planning and manage-
ment as well as preoperative histologic evaluation. CT-controlled 
biopsy and incisional biopsy can be used as suitable modalities 
of tissue obtainment. Preoperative histologic examination is 
mandatory and should be performed in any lesions suspected to 
be malignant.

ReSeCTiON

In a curative setting, the aim of surgical treatment is the resection 
of the tumor with microscopically negative margins. Appropriate 
oncologic resection should not be compromised because of con-
cern for the resulting thoracic wall defect. However, the extent 
of surgical margin width is determined by the chest wall tumor 
histology. In soft-tissue sarcomas, there has been a shift of the 
paradigms regarding the width of surgical resection from radical 
wide resections to more marginal resections (10–12). In the sur-
gical treatment of primary soft-tissue sarcomas of the chest wall, 
negative surgical margins were not significantly associated with 
prolonged overall survival when compared with positive margins 
(7, 13). However, the attainment of microscopically negative 
margins should be the goal of surgical resection to improve local 
control and to prevent local recurrence (14), but, to date, there 
is no reasonable evidence for radical surgical approach in most 
soft-tissue sarcomas, for which marginal resections seem to be 
sufficient for local disease control (12).

Complete surgical resection with negative margins also 
remains the mainstay of therapy in the curative treatment of other 
malignancies that are still localized and not disseminated, such 
as locally advanced breast carcinomas. Thoracic wall resection 
and reconstruction have been proven to be a safe and effective 
procedure in patients with advanced, locally recurrent breast 
carcinomas (15).

As mentioned earlier, increasing numbers of patients present 
with a disseminated disease stage and are not suitable for a 
curative approach. In these patients, surgical treatment should 
be considered carefully and every attempt should be made to 
minimize perioperative morbidity. Tumor debulking and reliable 
soft-tissue coverage can alleviate pain and suffering for at least a 
period of time.

THORACiC wALL ReCONSTRUCTiON 
wiTH MeSH AND COMPOSiTe iMPLANTS

Depending on the extent of the malignant tumor, adequate onco-
logic resection can result in partial- or full-thickness thoracic 
wall defects. Full-thickness defects, which involve all tissue layers 
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including soft tissue and bony structures, should be reconstructed 
immediately during the same surgery to protect the subjacent 
organs and to enable quick recovery. In this procedure, thoracic 
wall reconstruction should obliterate dead space and provide 
adequate soft-tissue coverage and stability, without compromis-
ing respiratory biomechanics. For this purpose, synthetic nets can 
be utilized to improve chest wall stability and to avoid herniation 
of intrathoracic organs. These nets should be both robust and 
pliable. In recent decades, synthetic nets have included essential 
features such as inertness, radiolucency, sufficient rigidity, and 
pliability. At our institution, we have had successful experiences 
with non-absorbable polypropylene meshes. However, different 
synthetic nets are now available, but none of them have proven 
to be significantly superior (16–18). The decision as to whether 
synthetic nets should be utilized depends on several factors, 
which include not only defect area and depth but also rigidity 
of the chosen flap coverage, location, wound contamination, and 
skin texture after previous radiation. It is widely accepted that 
defects exceeding more than four ribs at the lateral chest wall are 
associated with higher risks of herniation and paradox breathing 
and therefore should additionally be reconstructed with synthetic 
nets (8, 19–22). However, the closer the defect to the apex of the 
thoracic wall, the more suspension is provided by the sternum, 
scapula, and clavicula, and even larger defects might be recon-
structed without additional synthetic material (23). Similarly, an 
irradiated chest wall may provide enough rigidity to avoid addi-
tional mesh implantation. Nevertheless, irradiated tissue should 
be replaced as far as possible by healthy tissue to allow proper 
healing and, if necessary, subsequent radiation (24). Notably, 
synthetic nets should be avoided in contaminated wound defects 
and should be implanted subsequently under clean wound condi-
tions. Alternatively, if quick coverage and adequate stability can 
be achieved during the same surgical procedure, chest wall recon-
struction can be performed with a stable, muscular flap, such as 
the latissimus dorsi flap, which is discussed below. In patients 
with simultaneous irradiated soft-tissue defects and infections in 
the chest wall area, such as pleural empyema, we usually debride 
and cover the defects with pedicled latissimus dorsi flaps without 
synthetic mesh implantation during one surgical procedure.

To maintain chest wall rigidity and to improve functional as 
well as cosmetic outcomes after large anterior and lateral resec-
tions, several authors have recommended the use of composite 
implant techniques (16, 21, 25–28). The most common composite 
is the combination of polypropylene meshes and methylmeth-
acrylate substitutes in the form of a “sandwich” prosthesis. Here, 
a first layer of polypropylene mesh is positioned straight on the 
base of the defect and the methylmethacrylate substitute is then 
added and molded to the pattern of the defect. A second layer of 
polypropylene mesh is placed on top of the methylmethacrylate 
substitute, which hardens in an exothermic reaction. This com-
posite implant technique allows for the reconstruction of the 
original contours of the chest wall and can be performed as a 
one-stage surgical procedure for major anterior and lateral chest 
wall defects to prevent paradoxical movement and overcome 
deformities. However, methylmethacrylate substitutes are not 
permeable to fluids and, hence, are considered to increase the 
risk of infections (29). Nevertheless, several case series and a 

retrospective analysis of 112 patients with polypropylene mesh/
methylmethacrylate composites have demonstrated quite good 
functional results without increased infection rates (16, 26, 28). 
Weyant and colleagues have reported no significant difference 
between large chest wall defects reconstructed with polypropylene 
mesh/methylmethacrylate composite and small chest wall defects 
reconstructed with polypropylene mesh with regard to respiratory 
complications (28). Other composite implant techniques, includ-
ing silicone, rubber, carbon fiber, and polytetrafluoroethylene 
(PTFE), have been described in case reports (21, 29–31). There 
have also been reports on the safe use of titanium implants in the 
reconstruction of the chest wall after tumor resection (32–34). In 
19 patients with large anterior and lateral full-thickness defects 
after tumor resection, Berthet et al. have reconstructed the chest 
wall via a combination of titanium rib osteosynthesis and PTFE 
mesh in a one-step procedure (32). There were two cases of 
infection and one patient with a major complication in the form 
of respiratory failure. More recently, the improvements in 3D 
prototyping technology by selective laser sintering have enabled 
the production of more complex and detailed custom-made 
titanium implants. In this regard, Turna et al. have presented a 
case in which an extended anterior chest wall defect after tumor 
resection was safely reconstructed with a customized titanium 
implant in combination with a pedicled latissimus dorsi flap and 
a split-thickness graft (34). However, each material has its own 
advantages and disadvantages. There is still a lack of evidence 
regarding each of these approaches, and further studies are war-
ranted to provide long-term data. The same issue applies to the 
use of allografts and xenografts because the literature on these 
topics remains sparse (21). The decision about which material to 
use ultimately depends on the defect and the surgeon’s experience.

OSTeOSYNTHeSiS

When direct approximation of the sternal edges is possible, osteo-
synthetic procedures can maintain the chest wall stability and 
improve the functional outcome after partial anterior resections. 
Here, several studies have demonstrated that primary sternal 
plating reduces the risk of sternal non-unions and postoperative 
mediastinitis more effectively than does fixation via cerclage 
wires (35–37). If direct sternal fixation is not possible, we bridge 
over the sternal defect with local flaps such as the pectoralis major 
or vertical rectus abdominis muscle (VRAM) flap.

In the following section, we will address the different options 
of plastic surgical soft-tissue coverage that are commonly used at 
our institution.

THORACOePiGASTRiC FLAP

The thoracoepigastric flap is a fasciocutaneous flap pedicled to the 
perforators at the proximity of the midline of the fascia of the mus-
culus rectus abdominis and can be utilized to cover smaller defects 
(Figures  1A–C). Medially based thoracoepigastric flaps receive 
perforator vessels from the epigastric arcade, whereas laterally 
based flaps are supplied by perforators from the intercostal arteries. 
The reliability of the blood supply can be assessed by preoperative 
Doppler imaging. Thoracoepigastric flaps can be raised superior 
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or inferior to the level of the rectus fascia and investing fascia of 
the external oblique musculature (38). Primary donor-site closure 
can be achieved for most of the laterally based flaps, whereas skin 
grafting is often required for medially based thoracoepigastric 
flaps (38, 39). Thoracoepigastric flaps are indicated for the cover-
age of smaller defects located in the lower thoracic region.

PeCTORALiS MAJOR FLAP

The pectoralis major flap can be used as a myocutaneous flap or 
simply as a muscular flap. When used as a myocutaneous flap, a 
skin graft is also taken from the region of the lower breast fold, and 
this graft remains pedicled to the muscle and can be transposed 
into the head and neck region (40). The pectoralis major muscle 
is supplied by a dominant vascular pedicle (arteria thoracoacro-
mialis) and several minor pedicles. The thoracoacromial artery 
presents a consistent and reliable pedicle on which the pectoralis 
major muscle can be completely elevated (41). The pectoralis 
major muscle has also reliable secondary perforators from the 
internal mammary artery allowing medially based propeller flaps 
to cover smaller sternal defects. In chest wall reconstruction, the 
pectoralis major flap is primarily used as a muscle advancement 
or rotation flap to cover defects in the cranial portion of the 
sternum (42). Smaller contralateral defects may also be easily 
reached by this flap (Figures 2A,B and 3A,B). It can also be lifted 
from the thoracic wall as a sliding pectoralis muscle flap. To gain 
more rotatory flexibility, it can be removed from the clavicle and 
the humerus. In this case, it remains pedicled to the pectoral 
branches of the thoracoacromial artery. Upon lifting the muscle, 
there is only a moderate loss of strength (42). However, the size of 
the skin graft is very limited when lifted as a myocutaneous flap, 
and the vascular structure of the flap is often impaired by prior 
operations and radiotherapy. Low sternal and xiphoid defects 
may also be out of reach for the pectoralis major flap.

vRAM FLAP

The VRAM flap is particularly suited for longitudinal anterior 
chest wall defects (43) (Figures  4A,B). Preoperative planning 
should consider any possible removal of the arteria mammaria 
interna in previous coronary artery bypass operations because 
the VRAM flap is primarily supplied by the arteria epigastrica 
superior and arteria mammaria interna. In such cases, the VRAM 
flap can be lifted contralaterally to the place of removal. On rare 
occasions, insufficient venous outflow via the superior epigastric 
vessels can occur. Here, the inferior epigastric vessels at the 
caudal portion of the flap can be connected parasternally to the 
mammaria interna vessels in the sense of vessel supercharging. 
The VRAM flap is particularly indicated when sternal defects 
with large volumes should be covered and when sternal defects 
extend inferiorly to the epigastric areas (41, 44). It is also a reliable 
backup option when defect coverage with the latissimus dorsi flap 
is not possible. In a follow-up study at our institution, abdominal 
hernia and bulging occurred in 13% of all oncological patients 
treated with VRAM flap plasties. No flap loss was observed, and 
the loss of strength was moderate with a slight restriction of 

FiGURe 1 | (A–C) Thoracoepigastric soft-tissue coverage after resection of a 
locally recurrent breast carcinoma (right) with simultaneous, contralateral 
infestation at the left breast.
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endurance without decreased maximum strength (45). However, 
the relatively high rates of abdominal hernia have to be consid-
ered, and the indication for local reconstruction with VRAM 
should be weighed carefully, especially in patients in a palliative 
setting where some surgical procedures (e.g., stabilization of the 
abdominal wall) should be avoided.

CRANiALLY PeDiCLeD TRAM FLAP

To cover larger defects, particularly at the anterolateral thorax, the 
VRAM flap can be extended to include a transversal graft from 
the lower abdomen [transverse rectus abdominis myocutaneous 
flap (TRAM)] (Figures 4C and 5A,B). The resulting anchor flap 
can correct defects up to 40 cm in diameter. In the majority of 
cases, the cutaneous donor site should primarily be closed by 
means of an abdominoplasty with umbilical repositioning when 
possible. Depending on the resulting fascia defect, the abdominal 
wall can be reinforced with a polypropylene mesh insert to avoid 
the formation of an abdominal hernia. The perfusion of cranially 
pedicled TRAM flap takes place via the superior epigastric ves-
sels, which are slimmer than the inferior epigastric vessels. Hence, 
in the case of a cranially pedicled flap from the lower abdomen, 
perfusion disorders and partial necrosis can occur, particularly in 
the lateral portions of the flap.

Nevertheless, the cranially pedicled TRAM flap remains a 
reliable option in the armamentarium of soft-tissue coverage, 
especially in the case of extensive tumors of the anterolateral 
chest wall.

LATiSSiMUS DORSi MUSCULAR FLAP

A pedicled latissimus dorsi flap can sufficiently cover most defects 
on the thoracic wall (Figures 5C,D). The latissimus dorsi flap can 
be harvested as a muscle flap, a myocutaneous flap, or a perforator 
flap. The thoracodorsal artery is the dominant pedicle of the latis-
simus dorsi flap and arises from the subscapular artery. Anatomic 
variations are well described and should be considered when rais-
ing the flap (41). After entering the base of the latissimus dorsi 
muscle, the thoracodorsal artery divides into two main branches. 
The upper horizontal branch runs medially along the superior 
border of the muscle and the descending branch runs parallel 
to the anterior border of the muscle (46, 47). The large radius of 
rotation enables large soft-tissue coverage at the anterior chest 
wall, the sternal region, and the upper arm. Due to its reliable 
vascular supply, its proportions, and the moderate donor-site 
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defect, the latissimus dorsi flap has proven itself in the coverage 
of thoracic wall defects (9, 20, 44, 48, 49). Because of its volume, 
it can also seal intrathoracic defects and dead space. The large 
caliber of the vascular pedicle with a diameter of 2–4 mm will 
also permit immediate microsurgical transfer if necessary (50).

OMeNTUM MAJUS FLAP

The omentum majus flap is an alternative option for closing defects 
in the anterior thoracic wall when the aforementioned pedicled 
flaps or free flaps flap are not suitable. It is also an option to cover 
large defects with small volumes. Pedicled to the unilateral or 
bilateral gastro-omental vessels, it can be lifted via a paramedian 
incision from the xiphoid process to beneath the umbilicus (51, 
52). The size of the omentum majus flap can only be determined 
reliably under direct visual control after surgical exposition. 
Especially after previous abdominal surgery, adhesions must be 
removed and the omentum majus raised from the stomach to 
achieve the appropriate rotatory radius. Furthermore, a breach 
must remain in the cranial abdominal wall so that the pedicle 
can be guided through it toward the thoracic wall. Consequently, 
this flap should be raised only by experienced surgeons who 
can manage potential intra-abdominal complications such as 
intestinal perforations and bleeding. Due to its great plasticity, the 
omentum is well suited for sealing dead space. However, it must 
always be covered by split skin graft and partial secondary healing 
can occur due to persistent serous discharge from the fatty tissue. 
Because of the high risk for the development of epigastric hernia 
and the aforementioned disadvantages, the pedicled omentum 
majus remains principally a fallback option when other proce-
dures are not suitable (53, 54).

FRee FLAP PLASTieS

Previous operations, axillary lymph dissection, or radiotherapy 
can prevent pedicled flaps from being utilized for soft-tissue cov-
erage. In these situations, free flaps form an additional and pivotal 
tool in the armamentarium of plastic surgery. Fasciocutaneous 
or myocutaneous flaps from the back (latissimus dorsi flap, 
parascapular flap) or the thigh [anterior lateral thigh (ALT); ten-
sor fasciae latae (TFL)] are some free flaps regularly used at our 
institution. Another frequently used donor area is the abdominal 
region with the TRAM flap or its muscle-preserving variation 
(ms-TRAM) as well as the perforator-based deep inferior epigas-
tric artery perforator flap (DIEP).

The internal mammary artery is the primary connecting ves-
sel at the anterior thoracic wall. At the lateral thoracic wall, the 
thoracodorsal vessels can act as sufficient connectors. In the event 
that these are not available, an arteriovenous loop between the 
cephalic vein and the thoracoacromial artery can constitute an 
effort-intensive but feasible solution (55).

The donor-site morbidity of free flaps is moderate and well 
tolerated by most patients, especially if the donor site can be 
closed primarily (50, 56, 57).

PULMONARY FUNCTiON, QUALiTY OF 
LiFe, AND MORTALiTY

In our patient population, thoracic wall reconstruction-impaired 
pulmonary function parameters vary only slightly (9). The most 
significant alteration was found in the forced expiratory volume 
in 1 s (FEV1), which was decreased by approximately 18%. This 
observed reduction of FEV1 might be the consequence of the loss 
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of the intercostal muscles. However, the extent of chest wall resec-
tion was not found to be a significant predictor of pulmonary 
function alteration. In fact, breathing pain affected respiratory 
function in a significant manner, whereas the extent of resection 
surprisingly did not correlate with breathing pain. Partial lung 
resection also did not significantly impair pulmonary function. 
Similar findings were also observed in other studies in which 
pulmonary function was only slightly affected by thoracic wall 
resection (58–60). Reviewing our own data, hospitalization at our 
institution averaged 20.7 days (range, 6–89), and patients were 
in the intensive care unit for 6  days on average (range, 0–74). 
Patients were mechanically ventilated for 2.7 days postoperatively 
(range, 0–62) (9).

Thoracic wall resection and reconstruction are associated 
with significant morbidity reducing nearly all daily life activities 
(9). However, a certain degree of selection bias in such assess-
ments must be acknowledged. The patients interviewed here 
represented the healthier and more active patients. These patients 
sensed postoperative restrictions more than those patients who 
were treated in palliative intention because of pain and ulcerated 

lesions. However, with respect to the malignancy of the underly-
ing disease, these restrictions might be justified. In our patient 
population, the majority of the treated and interviewed patients 
would undergo the procedure again (9).

Effective treatment modalities have improved the survival 
of patients with thoracic wall tumors in recent decades (61). At 
our institute, the 5-year overall survival rate for patients with 
malignant chest wall tumors including soft-tissue sarcomas and 
breast carcinoma was approximately 56% (9). For chest wall sar-
comas, the 5-year overall survival rates were approximately 52%. 
Other studies have presented similar overall survival rates (7, 14, 
62, 63). In an analysis of 127 full-thickness resections for chest 
wall sarcomas, Wouters et  al. demonstrated that full-thickness 
chest wall resection represents a safe and effective procedure, 
with a limited number of complications and an adequate long-
term survival. For primary chest wall sarcomas, these authors 
reported a 5-year survival rate of 63% and for recurrent sarcomas 
50% (14). Furthermore, adjuvant radiotherapy was associated 
with increased local disease control. In the treatment of locally 
advanced or recurrent breast carcinomas, full-thickness chest 
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wall resection was also associated with an acceptable morbidity 
and a 5-year overall survival rate of 63% after surgery (64).

CONCLUSiON

In curative treatment regimens, chest wall reconstruction ena-
bles the complete resection of tumors and subsequent adjuvant 
radiotherapy. Even at advanced localized disease stages or in a 
palliative treatment setting, safe and reliable techniques allow the 
removal of large ulcerative tumors. As a reconstructive option 
after tumor resection, local flaps represent a reliable tool that 
can cover most thoracic wall defects. Nevertheless, concerns 
over distant iatrogenic implantation of tumor cells at the donor 
site of local flaps do exist when tumor resection and flap cover-
age are performed during the same surgery. In the literature, 
unfortunately, there has been no systematic analysis of this 
issue. However, iatrogenic tumor metastases, especially sarcoma 
metastases, at donor-tissue sites after local flap reconstruction are 
a rare occurrence and should not preclude the use of local flap 
reconstruction (65). They have been reported only in selected 
case reports (66). Further, the effect of donor-site radiation on the 
incidence of iatrogenic sarcoma metastases still remains unclear 
and should be examined (65).

Besides the aforementioned disadvantages and concerns, local 
flaps can offer some slight but noteworthy advantages. In contrast 
to free flaps, local flaps do not require intensive postoperative 
flap inspections. Postoperative positioning protocols and antico-
agulation regimens are less stringent. However, there has been a 
paradigm shift in recent decades. Free tissue transfers can now 
be performed with a similar or even higher degree of safety than 
local flap transfer as a result of the improvements in microsurgical 
techniques. Safe dissection and positioning of a local flap at the 
chest wall can be technically more demanding, risky, and time-
consuming when compared with a free flap transfer in a two-
team approach. Due to the microsurgical and anesthesiological 
improvements, free flap transfers have become physically less 
demanding surgical procedures and have also become suitable 
for patients with chest wall tumors at an advanced disease stage.

For those defects that can be covered by local flaps, pectoralis 
major, thoracoepigastric, VRAM, cranially pedicled TRAM, and 
latissimus dorsi flaps are commonly used. Small defects can be 
covered by pectoralis or thoracoepigastric flaps, whereas larger 
vertical defects can be covered by VRAM flaps. However, the 
relatively high rates of abdominal hernia have to be considered 
here. To cover larger defects particularly at the anterolateral tho-
rax, the cranially pedicled TRAM flap can be utilized. However, 
most of the chest wall defects can be safely covered by pedicled 
latissimus dorsi flaps, particularly at the anterior chest wall and 
the sternal region. Pedicled omentum flaps remain an option 
for large defects with small volumes or when other procedures 
are unsuitable. Although most chest wall defects can be covered 
with local flaps, free tissue reconstruction should be carefully 
considered in each case, especially in areas that are difficult to 
reach with local flaps or when a single local flap is inadequate 
to cover the defect. Full-thickness chest wall defects that involve 
more than four ribs at the lateral chest wall should additionally 
be stabilized with polypropylene mesh. Larger defects at the 
anterior and lateral chest wall can be reconstructed by poly-
propylene mesh/methylmethacrylate composite and covered by 
local or free flaps.

Conclusively, thoracic wall resection with defect coverage 
during the same procedure enables patients to recover more 
quickly and shortens hospitalization. The effects on pulmonary 
function are moderate and well tolerated. Thoracic wall resection 
and reconstruction have proven to be safe and effective, with 
a reasonable long-term survival in the treatment of chest wall 
sarcomas and locally advanced breast carcinomas. A multimodal 
approach with proper preoperative evaluation and advanced 
plastic surgery techniques can decrease postoperative morbid-
ity and ameliorate the resulting functional deficits. Although 
oncological safety is of the upmost priority, patients’ safety and 
their quality of life are essential to provide optimal care. Due 
to the increasing complexity of oncological care and the mul-
tiple disciplines involved, this can preferably be achieved in an 
interdisciplinary approach involving tumor boards at specialized 
treatment centers.
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Reconstructive Options for 
Oncologic Posterior Trunk Defects:  
A Review
Björn Behr* , Johannes M. Wagner , Christoph Wallner , Kamran Harati , Marcus Lehnhardt 
and Adrien Daigeler

Department of Plastic Surgery, BG University Hospital Bergmannsheil Bochum, Bochum, Germany

After oncological tumor resections at the back, large defects can remain that depending 
on the size and location may represent reconstructive challenges to plastic surgeons. 
Flap selection includes the entire armamentarium of coverage, including transposition 
flaps, perforator flaps, pedicled muscle flaps, and free flaps. Most defects can be 
closed and reconstructed with local or pedicled muscle flaps. In our hands, sufficient 
closure could be obtained with all techniques, except the latissimus dorsi turn-over flap. 
Thereupon, an algorithm for closure of posterior trunk defects related to the anatomical 
region is proposed.

Keywords: plastic surgery, posterior trunk, back, reconstruction, flap

iNTRODUCTiON

Soft-tissue defects of the posterior trunk may represent challenges for reconstructive surgeons. 
Reasons include shortages of both, reliable axial pattern flaps for local tissue transfer and recipient 
vessels for microsurgical reconstruction (1). Upon the various causes such as trauma, congenital 
malformations, spine surgery, or radiation ulcers, malignant skin or soft-tissue tumors may also put 
the back at risk for soft-tissue defects. At first, general surgical principles such as proper debridement 
and adequate preparation of the wound have to be performed. Depending on the characteristics 
of the tumor, single-stage or sequential operations may be indicated. Eventually, vacuum-assisted 
wound conditioning may be performed. In case, spinous processes are exposed, they may be readily 
removed in order to avoid any perforations or subsequent pressure sores after soft-tissue coverage. 
Besides therapeutic concepts such as secondary healing or skin grafts may only be of partial benefit to 
these patients (2). Given the relative lack of elasticity as well as a shortage of potential microsurgical 
recipient vessels, the back offers special challenges to the reconstructive surgeon (3). Nevertheless, 
the dorsal trunk hosts several muscles that may be transferred as pedicled flaps such as M. latissimus 
dorsi or M. trapezius flaps. A popular fasciocutaneous option is the parascapular flap; though given 
their cephalic pedicle, they are not useful for reconstruction of the lower back. Moreover in selected 
cases, free flaps with vein grafts or loops may be utilized. More recent trends involve the application 
of fasciocutaneous perforator flaps since the posterior trunk involves abundant perforators. Of note, 
the concept of perforator-based soft-tissue reconstruction was first described for defect coverage at 
the back (4). This article describes and illustrates the different soft-tissue reconstruction techniques 
for the posterior trunk.
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FiGURe 2 | S-GAP perforator flap for coverage of the sacrum. (A) 
Status after debridement and planning of the flap. (B) Flap before rotation. 
(C) Identification and preparation of the perforator. (D) Postoperative result.

FiGURe 1 | Bilateral rotation flap. (A) Patient with dermatofibrosarcoma 
protuberans at the upper thorax. Preoperative markings, two bilateral 
rotational flaps are planned from caudal. (B) Intraoperative status after 
resection. (C) Status after rotation of the flaps and wound closure. (D) 
Postoperative result.
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TRANSPOSiTiON PATTeRN AND 
PeRFORATOR FLAPS

Given the large area and abundance of perforating vessels in the 
posterior trunk, this anatomic region offers multiple options for 
plastic-surgical reconstruction by means of random pattern and 
especially perforator flaps (5). If established principles such as 
a proper width–length ratio in random-pattern flaps, as well as 
the right angiosome size in perforator flaps are considered, these 
flaps are safe and can cover many defects that occur (Figure 1). It 
has to be stressed though that utilization of these flaps is highly 
dependent on the quality of the surrounding tissue, which might 
be compromised due to radiation or scarring. However, with 
these techniques, the underlying muscles are conserved and may 
be utilized in later reconstructions, if necessary. For the operative 
planning, a handheld Doppler or power Doppler to track the 
route of the perforator vessel is advisable. Moreover, combination 
of both techniques is possible. For instance, a perforator can be 
integrated into a transposition flap in order to design it larger 
and safer.

Options for pedicled fasciocutaneous flaps at the back 
include parascapular and scapular flaps. These flaps are sup-
plied by the circumflex scapular artery and can cover defects 
of upper- and mid-thoracic area of the back. Similar as in a 
free flap procedure, the pedicle can be dissected up to the 
level of the subscapular artery and vein; however, this is rarely 
necessary. Dimensions of parascapular flaps can reach up to 
15 cm × 40 cm; therefore, they can be considered larger than 
scapular flaps.

Moreover, gluteal perforator flaps can be useful in coverage 
of sacral defects (6). For instance, the superior gluteal artery 
flap (S-GAP) can be dissected without major damages to 
the gluteus maximus muscle (Figure  2). Finally, lumbar- or 

intercostal artery-based perforator flaps may be utilized in this 
anatomical region (7).

SUPRACLAviCULAR FLAPS

Supraclavicular flaps that can also be raised as island flaps repre-
sent an interesting fasciocutaneous option for soft-tissue cover-
age of the dorsal neck region. As indicated by its name, it is raised 
from the supraclavicular region based on the transverse cervical 
artery and has dimensions up to 22 cm in length and 10 cm in 
width (8). Even in complicated surgical conditions, these flaps 
can provide reliable defect coverage in the anterior and posterior 
neck region (9).

TRAPeZiUS FLAP

The trapezius muscle, the superficial muscle of the neck and 
upper-thoracic region is an excellent option to cover defects in the 
upper thorax and neck region (10). It is traditionally considered a 
class 2 muscle according to (11) (one dominant and several minor 
vascular pedicles), although others have noted two dominant 
vessels for separate portions of the muscle. The inferior part of 
the trapezius muscle is supplied by the dorsal scapular artery (a 
deep branch of the cervical artery), whereas the transverse part 
is supplied by the superficial cervical artery. It extends from the 
external occipital protuberans to the 12th thoracic spine. It is up 
to 34 cm × 18 cm in size and can be dissected as a muscle-only 
or myocutaneous flap. The muscle can be dissected from caudal 
to cephalic and can be rotated into defects of the upper posterior 
trunk and dorsal neck. Moreover, they can be utilized as advance-
ment flaps or turn-over flaps (Figure 3) (12, 13). In that respect, it 
has to be emphasized that good results can be obtained when the 
skin island does not exceed the muscle for more than 1 cm (14).
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FiGURe 3 | Trapezius flap for coverage of the right shoulder. (A) 
Cutaneous metastasis of breast cancer at the right shoulder. (B) Status after 
resection. (C) Preparation of the myocutaneous trapezius muscle from caudal 
to cephalic. (D) Identification of the deep branch of the cervical artery and 
vein. (e) Transposition of the myocutaneous flap. (F,G) Intraoperative insert of 
the flap. (H) Postoperative result.

FiGURe 4 | Latissimus dorsi flap with vein transposition. (A) NOS 
sarcoma in the left lumbar region. (B) Resected tumor. (C) Great saphenous 
vein graft with 30 cm ruler for comparison purposes. (D) Latissimus dorsi 
muscle transferred with two interposed veins. (e) Operative situs after skin 
closure. (F) Postoperative result.
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LATiSSiMUS DORSi FLAP

The latissimus dorsi muscle flaps offers great variety and options 
to cover large defects in the mid-thoracic and upper-thoracic 
posterior trunk. It can be raised up to 30 cm × 40 cm in size and 
may be transferred as a muscular (eventually with additional skin 
grafts) or myocutaneous flap. The latter option makes postopera-
tive monitoring considerably easier. It origins at the thoracical 
spinous processes, inferior ribs, and iliac crest. The latissimus 
dorsi muscle inserts at the intertubercular groove of the humerus. 
Its dominant vascular pedicle is the thoracodorsal artery, which is 
part of the scapular vascular system, whereas the non-dominant 
pedicles origin from intercostal and lumbar arteries. It is there-
fore a class 5 muscle according to the popular classification of 
Mathes and Nahai; thus, survival of the flap may also be based on 
the non-dominant pedicles (15), which would allow utilization of 
this flap as a “reverse” flap in order to cover contralateral or more 

caudal defects. However, in certain instances such as previous 
spinal surgery, these lumbar perforators may not exist anymore; 
hence, preoperative Doppler control is highly suggested in these 
instances. In our experience, the reverse latissimus dorsi muscle 
produced inconsistent results; therefore, it is no longer part of 
our armamentarium. An alternative for more caudal defects is 
the transposition of vein grafts to increase the reach of latissimus 
dorsi muscle flaps (Figure 4) (16).

PARASPiNOUS MUSCLe FLAP

An additional option for small defects in the paravertebral region 
is the paraspinous muscle flap (17). Paraspinous muscles are 
located in the lumbar region up to the 10th thoracic vertebrae 
and are typically utilized as bipedicled turn-over flaps. Muscles 
are dissected off the transverse processes of the vertebrae and 
advanced medially; thus, wound in the perivertebral region can 
be closed with two pedicled paraspinous flaps.

PULL-THROUGH vRAM-FLAPS

In certain conditions, such as sacral wound coverage after 
abdominoperineal resection, pull-through vertical rectus 
abdominis muscle (VRAM) flaps may be utilized (18). Here, the 
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FiGURe 6 | Fasciocutaneous infragluteal free flap (FCi). (A) Remaining 
lumbar defect after two rotational flaps. (B) FCI flap with pedicle. (C) 
Anastomosis of the flap to a lumbosacral perforator. (D) Close-up view, 
revealing the small caliber of the recipient vessel. (e) Fibrin glue protection of 
the pedicle. (F) Early postoperative result.

FiGURe 5 | Gluteus maximus flap. (A) Large defect in the sacral region. 
(B) Myocutaneous gluteus maximus flap before transposition. (C) Operative 
situs after skin closure. (D) Postoperative result.
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rectus abdominis muscle is pedicled on the inferior epigastric 
artery and the flap (muscle including skin island) is transpelvi-
cally pulled through to the sacrum.

GLUTeUS MAXiMUS FLAP

Besides utilization of gluteal perforator flaps, defects in the 
sacral region can likewise be reconstructed with the gluteus 
maximus muscle flap (Figure 5). This is a type 3 muscle with 
two dominant pedicles (superior and inferior gluteal arteries). 
Especially, the superior gluteal artery is a useful pedicle for the 
advancement or turn-over gluteus maximus muscle flaps for 
sacral defects (19).

MiCROSURGeRY AND OPTiONS FOR 
ReCiPieNT veSSeLS

In rare instances where defects of the posterior trunk can not be 
managed by local or pedicled flaps, microvascular free flaps have 
to be utilized. Although there are virtually no limits in terms of 
potential donor sites in the selection of free flaps, the actual choice 
for recipient vessels might prove to be challenging. One potential 
recipient vessel is the superior gluteal artery at the buttock (20). 
Moreover, microvascular free flaps may also be anastomosed 
to the fourth lumbar artery, lateral of the sacrospinal muscle 
(Figure 6). In case these options are not feasible, transpositions 
of vein grafts are necessary. Few et al. have reported about their 
experience in the “hostile” back, defined as a defect larger than 
200 cm2 in size, previous radiation therapy, fulminant infections, 
or exposed hardware (21). In four of their patients, defects were 
closed with free latissimus dorsi flaps or VRAM flap with inter-
position of vein grafts. For this purpose, the great saphenous vein 
may be readily utilized. Of note, there is no need to reposition 
the patient intraoperatively when operating latissimus dorsi flaps 
with vein grafts.

SPeCiAL CONSiDeRATiONS

When operating at the posterior trunk, there are a couple of 
obstacles to consider, which should be taken into considera-
tion preoperatively. For instance, leakage of cerebrospinal fluid 
should prompt an interdisciplinary approach with neurosurgery 
to adequately reconstruct the dura. Another problem that may 
be encountered is exposed spinal hardware. In case fusion is 
noted on CT-scans, the hardware may be removed; however, in 
all other patients, instruments may remain in situ (22, 23). Finally 
as previously noted, radiation of the defect area in the medical 
history may further bedevil the situation and preclude local tissue 
transfer. Importantly, ulcers in these radiated areas may contain 
neoplastic processes, such as squamous cell carcinoma, which 
should be histologically excluded.

APPROACH FOR SeLeCTiON OF THe 
FLAP ReLATeD TO THe ANATOMiC 
ReGiON

Related to the anatomic region, several flaps have proven to be 
of value in reconstructing the defect. It goes without saying that 
the flap selection has to be adjusted to the encountered situation, 
surrounding tissue, and abilities and experience of the surgeon. 
The proposed algorithm therefore provides a rough guideline 
that needs to be adapted. Supposing high quality tissue in the 
vicinity, closure of small defects is possible with transposition or 
propellerflaps in all regions of the posterior trunk. In addition, 
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TABLe 1 | Options for posterior trunk defects related to the anatomic 
region.

Upper defects Propeller-/transposition flaps
Trapezius flap
Latissimus dorsi flap

Middle defects Propeller-/transposition flaps
Trapezius flap
Latissimus dorsi flap
Paraspinosus flap

Lower defects Propeller-/transposition flaps
Latissimus dorsi flap with vein grafts
Pull-through VRAM
Gluteus maximus flap
Free flap

FiGURe 7 | Selection of flap based on anatomical location. Proposed 
algorithm for selection of the flaps to cover posterior trunk defects.
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the following flaps may be utilized (likewise in combination) 
according to the anatomic region (Figure 7; Table 1).

Upper Defects
Given the high traction forces in the neck and shoulder region, 
soft-tissue reconstruction may be challenging. The majority of 

defects may be closed with trapezius flaps. In case the trapezius 
muscle is damaged or absent due to previous surgery, defects in 
that region may also be treated with a latissimus dorsi flap.

Middle Defects
In the upper-thoracic region, defect coverage is possible with 
both, the latissimus dorsi and trapezius flap. Given the great reli-
ability and our substantial experience, we prefer working with 
the latissimus dorsi flap, if possible. Both flaps can be dissected 
as a muscle-only flap or myocutaneous flap. If the defect requires 
coverage of larger areas, they might also be combined.

Lower Defects
In the thoracolumbar and lumbar region, therapeutic options 
are often more complex. The extend of the latissimus dorsi flap 
is insufficient to reach the defect and may only be of value if 
combined with interposition of vein grafts, although the patient 
has to be in the prone position or air-fluidized bed in the early 
postoperative phase. According to our experience, we advise 
against latissimus dorsi turn-over flaps. An alternative option 
is provided with the pull-through VRAM in the sacral region. 
Additional therapeutic options are represented by paraspinous 
muscle flaps, gluteus maximus flaps, and microvascular free 
flaps, anastomosed to perforators, the superior gluteal arteries, 
or elongated with vein grafts.

SUMMARY

Given the special anatomy with few options for microvascular 
recipient vessel, soft-tissue defects at the posterior trunk may 
represent a challenge to reconstructive surgery. However, the 
majority of defects can be closed with pedicled flaps. If basic 
surgical principles such as radical debridement and removal of 
infected hardware are followed, good reconstructive results may 
be obtained with the presented methods.
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Plastic and reconstructive surgery in 
the treatment of oncological perineal 
and genital defects
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Defects of the perineum may result from ablative procedures of different malignancies. 
The evolution of more radical excisional surgery techniques resulted in an increase in 
large defects of the perineum. The perineogenital region per se has many different func-
tions for urination, bowel evacuation, sexuality, and reproduction. Up-to-date individual 
and interdisciplinary surgical treatment concepts are necessary to provide optimum 
oncological as well as quality of life outcome. Not only the reconstructive method but 
also the timing of the reconstruction is crucial. In cases of postresectional exposition of 
e.g., pelvic or femoral vessels or intrapelvic and intra-abdominal organs, simultaneous 
flap procedure is mandatory. In particular, the reconstructive armamentarium of the 
plastic surgeon should include not only pedicled flaps but also free microsurgical flaps 
so that no compromise in terms of the extent of the oncological resection has to be 
accepted. For intra-abdominally and/or pelvic tumors of the rectum, the anus, or the 
female reproductive system, which were resected through an abdominally and a sacrally 
surgical access, simultaneous vertical rectus abdominis myocutaneous (VRAM) flap 
reconstruction is recommendable. In terms of soft tissue sarcoma of the pelvic/caudal 
abdomen/proximal thigh region, two-stage reconstructions are possible. This review 
focuses on the treatment of perineum, genitals, and pelvic floor defects after resection of 
malignant tumors, giving a distinct overview of the different types of defects faced in this 
region and describing a number of reconstructive techniques, especially VRAM flap and 
pedicled flaps like antero-lateral thigh flap or free flaps. Finally, this review outlines some 
considerations concerning timing of the different operative steps.

Keywords: interdisciplinary surgery, exenteration, vRAM flap, perineal reconstruction, microsurgical free flap

introduction

Defects of the perineum usually result from ablative procedures of different malignancies, such as 
gynecological (cervix, vagina, endometrial), urological (urinary bladder, prostate), and colorectal 
(anal and rectal carcinoma) tumors. The evolution of more radical excisional surgery techniques 
resulted in an increase in large defects of the perineum (1). The perineogenital region per se has many 
different functions for urination, bowel evacuation, sexuality, and reproduction (2), so extensive 
resection in this region results often in functional deficits.

Pelvic surgery is characterized by a complex anatomy, involvement of different organs and 
microbial environment of this region. Plastic-reconstructive measures like simultaneously used 
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TABLe 2 | The most useful microsurgical free flaps for defect 
reconstruction of the pelvic region [modification of Beier et al. (3) and 
Das Gupta et al. (13)].

vascular system Microsurgical free flaps

Subscapularis  
artery

Latissimus dorsi muscle flap (thoracodorsal artery)
Scapular/Parascapular flap (circumflex scapula artery)
Serratus anterior muscle flap (serratus branch of 
thoracodorsal artery)
Combinations

Inferior  
epigastric artery

Vertical rectus abdominis myocutaneous (VRAM) flap
expanded VRAM
Transversal rectus abdominis myocutaneous (TRAM) 
flap or deep inferior epigastric perforator (DIEP) flap

Lateral  
circumflex femoral 
artery

Antero-lateral thigh (ALT) flap (descending branch)
Tensor fascie latae (TFL) flap (ascending branch)
Combinations with rectus femoral muscle, lateral 
vastus muscle, etc.

October 2015 | Volume 5 | Article 21240

Brodbeck et al. Treatment of perineal and genital defects

Frontiers in Oncology | www.frontiersin.org

skin grafts, pedicled, or free flaps avoid different complications 
or reduce their incidence, such as chronic wound healing dis-
orders and chronic secretion of intrapelvic or peritoneal wound 
cavities (3, 4). For locally advanced primary or recurrent rectal 
cancer invading the urine bladder or prostate, pelvic exentera-
tion is often the only treatment, with is potentially curative (5–7). 
Radical surgery completely resects all malignant disease, often 
including the complete or at least large parts of pelvic viscera, 
vessels, muscles, ligaments, or pelvic bone. In modern concepts of 
advanced oncological surgery, survival is not the only considera-
tion; quality of life has to be taken into account (8). Up-to-date 
individual and interdisciplinary surgical treatment concepts are 
necessary to provide optimum oncological as well as quality of 
life outcome (3, 9).

This review focuses on the treatment of perineum, genitals, 
and pelvic floor defects after resection of malignant tumors, giv-
ing a distinct overview of the different types of defects faced in 
this region and describing a number of reconstructive techniques. 
Finally, this review outlines some considerations concerning tim-
ing of the different operative steps.

Literature about pelvic reconstruction in particular is very rare 
and review articles or larger case series are absent, hence only 
case reports have been published. There is only scarce literature 
with sufficient evidence on this topic, apart from some single case 
reports and a few case series, this will be critically discussed in the 
following review.

Pelvic Region: extra- and intrapelvic 
Tumors

In the pelvic and the inguinal/proximal femoral region, there are 
essentially two various tumor entities to discuss. Their anatomi-
cal localization and extension require very different treatment 
concepts. In course of this, both initial multidisciplinary team 
approach and form of reconstructive measures have been adapted 
to it (3, 8). On the one hand, there are mainly intra-abdominal 
and pelvic tumors, which are mostly low rectal carcinomas and 
deep infiltrating anal carcinomas (10), as well as far advanced 
gynecological tumors [e.g., vulval cancer (11) or cervix cancer 
(3)]. On the other hand, there are soft tissue sarcomas of the pel-
vis, the caudal abdomen, and the proximal femoral region (12).

Despite this, there are many other indications, like congenital 
defects, infections, trauma, lymphedema, and other uncommon 
problems, e.g., transsexuality (2) requiring reconstructive surgery 
in the pelvic region, which are not subject of this review.

Different reconstruction methods are available for the above-
mentioned malignancies. An overview of the most common 
pedicled (Table 1) and free flaps (Table 2) for reconstruction of 
the perigenital region is shown in Tables 1 and 2.

In most of the cases, primary closure of perineal defects is not 
possible. Skin grafts are suboptimal in the perigenital area due 
high bacterial load in this region, frequently leading to graft loss, 
prolonged healing resulting in unsatisfactory scar quality and 
contractures that may affect urination or coitus (14). Over the 
past decades, flap reconstruction has replaced these techniques in 
the vast majority of cases. An ideal flap should provide soft-tissue 
volume to close dead space in pelvis and the skin island should 

replace resected perineal skin (15). These flaps will be described 
and discussed in detail for the two different groups of malignan-
cies in the pelvic regions in the following paragraph.

Plastic-Reconstructive Measures of 
Rectal and Anal Carcinomas

Modern treatment of rectal and anal carcinomas includes a 
multimodal therapy concept. Preoperative neoadjuvant radio-
chemotherapy has become standard treatment for rectal cancer 
and has been shown to downstage tumors (15, 16), before radical 
aggressive surgery is applied to achieve a lasting cure (8, 17). 
Despite the concept that multidisciplinary team approach is 

TABLe 1 | The most useful pedicled flaps for defect reconstruction of the 
pelvic region [modification of Beier et al. (3) and Das Gupta et al. (13)].

Pedicled flaps vascular supply Region of defect 
reconstruction

Gluteus muscle flap Superior gluteal artery/inferior 
gluteal artery

Sacral

SGAP/IGAP flap Superior/inferior gluteal artery 
perforator

Sacral

TRAM flap Inferior epigastric artery Pelvic floor

VRAM flap Inferior epigastric artery Pelvic floor

Groin flap Medial circumflex femoral artery/
superficial circumflex iliac artery

Perineal

SCIP flap Superficial circumflex iliac artery 
perforator

Inguinal

Gracilis muscle flap Medial circumflex femoral artery Perineal

Pudendal flap External pudendal artery Perineal

Tensor fascie latae flap Lateral circumflex femoral artery Perineal

Rectus femoris muscle 
flap

Lateral circumflex femoral artery Ischial

Vastus lateralis muscle 
flap

Lateral circumflex femoral artery Ischial/Perineal

SGAP, superior gluteal artery perforator; IGAP, inferior gluteal artery perforator; TRAM, 
transversal rectus abdominis myocutaneous flap; VRAM, vertical rectus abdominis 
myocutaneous flap; SCIP, superficial circumflex iliac artery perforator.
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identically for both entities, the surgical therapy concept itself 
is very different, associated with the plastic-reconstructive pos-
sibilities (3).

For intra-abdominal and/or pelvic tumors of the rectum, the 
anus or the female reproductive system, which were resected 
through an abdominal and a perineal surgical access (18), simulta-
neous flap reconstruction is recommendable. The goal is not only 
a perineal and/or sacral defect reconstruction but also an intrapel-
vic sealing, as well as a vaginal partial reconstruction if necessary; 
both is facilitated by the vertical rectus abdominis myocutaneous 
(VRAM) flap (Figure 1) (8, 13, 19). To achieve an oncological 
safe situation, aggressive surgery must be implemented and per-
forming pelvic exenteration with “en bloc” resection of multiple 
pelvic structures is necessary (8, 9, 18). After abdominoperineal 
extirpation, often a large intrapelvic cavity remains, perineal 
wound complications including wound dehiscence and longtime 
of secretion occur, even according to radiotherapy. Studies have 
shown that the VRAM flap is a reliable and safe method for pelvic 
reconstruction in patients with advanced disease requiring pelvic 
exenteration and radiation, with relatively low rate of donor and 
recipient site complications (20–22).

During the last years, important advances in generation 
of vascularized tissue engineering have been achieved (23). 

However, until today flap surgery still remains the gold standard 
for plastic-reconstructive treatment of oncological defects (24). 
The immediately/simultaneously used transpelvic VRAM flap 
has several advantages: first of all, the VRAM flap is a very safe 
and robust flap and relatively easy to technical perform, when 
necessary plastic-reconstructive expertise exists. Furthermore, 
the vascular supply of the deep inferior epigastric vessel is con-
stant. Using the VRAM flap as a transpelvic flap not only allows 
reconstruction of perineal and perigenital skin defects, but also 
enables obliteration of the sacral cavity (22, 25, 26). Principally, 
alloplastic and biological matrices have also been used to avoid 
a herniation of the small bowel, but these techniques are cor-
related with a significant risk for foreign body reaction, and are 
prone to infections and formation of chronic fistula, especially 
if non-absorbable matrices have been used in a radiated field 
(27, 28). Furthermore, a vascularized muscle flap can reliably 
fill dead space in the pelvis and can even help to cure local 
infection (29).

Vertical rectus abdominis myocutaneous flap can also be 
used for reconstruction of the vagina, when part of the vagina 
are infiltrated by the tumor and need to be excised. Therefore, 
the unilateral caudally pedicled VRAM flap can reconstruct half 
of circumference of the vagina (8). Moreover, vaginal fistula 

FiGURe 1 | Defect reconstruction after resection of a rectal carcinoma using vRAM flap illustrated by intraoperative photographs and schematic 
drawings of the surgical technique. (A) Preoperative marking for VRAM-flap procedure with the planned skin paddle and location of the ostomy performed on 
the day before surgery. Black arrow marks the flap pedicle. (B) The operation involves a two-part procedure with an anterior abdominal dissection first, which is 
followed by a second step with perineal tumor excision (black arrow) in prone position. We first ensure the viability of the deep inferior epigastric vessels before we 
proceed with the flap raising. The design of the flap and the size of the skin paddle are then planned according to the prospective perineal and pelvic defect. The 
skin island is placed vertically over the rectus muscle. The rectus muscle is dissected cranially from the costal arch. In the prone phase, tumor excision (black arrow) 
had been completed (C). The flap (black asterisk) is then flipped and rotated at 180° into the pelvic cavity so that the skin paddle closes the defect (D). 
Intraoperative view with VRAM flap (black asterisk) inserted to reconstruct perineal defect (e).
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FiGURe 2 | Defect reconstruction at groin after resection of a dermatofibrosarcoma protuberans using caudal pedicled ALT flap. (A) Extent of groin 
defect after resection (black asterisk) of a dermatofibrosarcoma protuberans. (B) Intraoperative view after dissection of ALT flap and rotation into the groin defect. 
For typical manner of harvesting ALT flap, ALT perforator is localized between the central to lower third of the ALT flap area after skin incision and initial preparation. 
White arrow shows the ALT perforator. (C) Intraoperative view at the end of the operation with ALT flap (black asterisk) and skin graft at donor site to reconstruct 
groin defect.
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development can be avoided, because of the sealing effect and 
the well-vascularized tissue over the sutured vaginal stump (30).

A situation after multiple abdominal surgeries represents a 
major challenge for VRAM flap implementation. On the one hand, 
the deep inferior epigastric vascular supply may not be available 
anymore; on the other hand, significant scarring complicates the 
preparation. Careful preparation and experience of the surgeon 
permit the implementation of a VRAM flap even in these cases; 
furthermore, assessment of the deep inferior epigastric vessels 
through computer angiography is recommended.

Vertical rectus abdominis myocutaneous flaps can also be 
desepithelialized, which allows to obliterate larger dead space 
volumes and adjustment of the skin paddle to smaller skin 
defects, no bulky perineal skin surface and a shorter suture 
line is achieved. Vascularized dermis at the wound base seems 
to be associated with a rapidly healing, even in an irradiated 
field (31, 32).

The most common defects of tumors in this region are caused 
by rectal and anal carcinomas. In addition, excision of other 
tumors necessitates a resection of the neighboring skin-/soft tis-
sue, which requires a reconstruction during the same operation. 
This includes, e.g., extensive gynecological and bladder carci-
nomas. In case of resection of pelvic bone, VRAM flap can be 
transferred anteriorly to the symphysis instead of the transpelvic 
course (33). Two-stage reconstruction has some disadvantages in 
such cases. Secondary reopening of the abdomen carries a lot of 
risks, like discrete intestinal loops that are easily being injured 
during dissection, e.g., interim negative wound pressure therapy 
is a possible option, but carries the risk for chronic fistulas through 
the continuous negative pressure (34), hence single-stage recon-
struction is strongly recommended under these circumstances.

Summarizing, we suggest that VRAM flap is a particularly suit-
able method for pelvic reconstruction in patients with advanced 
colorectal cancer disease requiring pelvic exenteration (20–22).

Plastic-Surgical Measures of Sarcomas of 
the Pelvic Region

In terms of soft tissue sarcoma of the pelvic/caudal abdomen/
proximal thigh region, two-stage reconstruction is possible. 
Until the final histopathological results, negative wound pressure 
therapy can be used after tumor resection. Additional resec-
tions can be performed until histopathological R0-margins are 
achieved. Nevertheless simultaneous tumor resection and defect 
reconstruction can be useful (35).

In general, perineal soft tissue tumors are rare, so optimizing 
their management and outcome of treatment are still subject 
to investigation (12). General guidelines have been published, 
although the histological types are very variable and the locations 
mostly very complex and various (36, 37). Soft tissue sarcoma 
requires individual treatments, because optimal local control 
prevents deaths, related to local progression (38). The soft tissue 
sarcoma tumor size is often very large, because these tumors 
grow often without symptoms in the ischioanal fossa (12). In 
case of chemo- or radiosensitive subtypes, neoadjuvant radio-
chemotherapy should be discussed (36).

Treatment of arrosion hemorrhage and exposed osteo-
synthesis implants are urgent indications of simultaneous 
reconstructions (39). Another indication for simultaneous 
defect reconstruction is exposition of vulnerable structure like 
nerves or vessels, e.g., negative wound pressure therapy (pos-
sibly using an additional silicon membrane beneath the sponge 
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FiGURe 3 | Perineal defect reconstruction after resection of a chronic sacral cavity with fistulas using a microsurgical free “buried” latissimus dorsi 
flap and an arterio-venous loop. In history, after radio-chemotherapy a rectal carcinoma had been resected. (A) Preoperative presentation of chronic sacral fistula 
(black arrow). (B) Situs after dissection of the arterio-venous loop (black arrow). (C) Intraoperative view at anastomosed latissimus dorsi flap (black asterisk) at the 
loop (black arrow). (D) MR-Angiography with microsurgical free “buried” latissimus dorsi flap (black asterisk) inserted to reconstruct perineal defect and imaging of 
the consistent arterio-venous loop (white arrow). (e) Result 1 month postoperatively.
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for protection of underlying structures) may be applied in 
between, since harm of nerves by negative pressure therapy has 
not been reported so far. Nevertheless, the risk especially for 
infection of expanded defects even after radio-chemotherapy 
is very high; therefore, simultaneous defect reconstruction is 
recommended.

However, timing of reconstruction is very challenging. To 
achieve a long-lasting cure, thorough examination of the patient 
and his local findings, as well as the radiologic findings, has to 
be evaluated in a multidisciplinary approach. No compromise in 
terms of the extent of the oncological resection has to be accepted, 
and the extent of the defect decides the treatment regime as a 
simultaneous vs. a two-stage defect reconstruction (3).

As an example for two-stage defect reconstruction and using 
a pedicled antero-lateral thigh (ALT) flap, Figure  2 shows the 
case of a patient with dermatofibrosarcoma protuberans at the 
left groin. Negative wound pressure therapy was applied until 
the histopathological R0-result was confirmed. For defect recon-
struction (Figure  2A), a caudally pedicled ALT flap was used 
(Figures 2B,C).

All in all, in cases of reconstructions after sarcoma resection 
in the pelvic region, we recommend a two-stage reconstruction 
where possible, i.e., when no vulnerable structures are exposed 
after tumor resection. Many factors like size and character of the 
defect have to receive attention, but often a pedicled flap like ALT 
flap or VRAM flap could be used (3, 40).

Combined intra- and extrapelvic Defects

Combined intrapelvic organ defects (e.g., chronic bladder fistu-
las) and concurrent abdominal skin defects (e.g., with abdomi-
nal skin fistulas and/or unstable scars or skin grafts) are very 

challenging. In particular, due to side effects of radiotherapy, 
skin grafts are prone to complications. Most times the defect 
may initially underestimated and skin grafts are applied, which 
need to be replaced during the further course by vascularized 
tissue/flaps.

As an example for such postoperative complication, a vesico-
cutaneous fistula of the caudal rectus abdominis muscle after 
sarcoma resection and radiotherapy may result, which is very 
difficult to treat (41). For treatment of this rare entity, microsurgi-
cal free flap transplantation can become necessary, especially to 
avoid an additional weakening of the abdominal wall using the 
contralateral rectus abdominal muscle. A combined bipedicular 
latissimus dorsi/anterior serrate flap is capable of covering the 
intrapelvic defect (bladder vault using the part of serratus flap) as 
well as the abdominal wall defect cranial to the symphysis (using 
the part of latissimus dorsi flap) (42).

Reconstruction of combined intra- and extrapelvic defects is 
always very challenging. The literature describes no patent rem-
edy, so we suggest for treatment of this rare entity microsurgical 
free flap transplantation (42, 43).

Secondary Treatment of Perigenital 
Defects

Sometimes patients present themselves, secondary or after 
complications have occured, like recurrent abscending or phleg-
monous infections of the pelvis, persistent severe secretion out 
of chronic sacral cavities or fistulas in prostate/vaginal/urine 
bladder region. Treatment of such sequelae is technically very 
challenging and connected to a severe risk profile. A reopening 
of the abdominal access for VRAM flap is difficult, because of a 
high risk for injury of adherent small intestine or fibrosis as well 
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The treatment of lower limb tumors has been shifted by advancements in adjuvant treat-
ment protocols and microsurgical reconstruction from limb amputation to limb salvage. 
Standard approaches include oncological surgery by a multidisciplinary team in terms of 
limb sparing followed by soft tissue reconstruction and adjuvant therapy when indicated. 
For the development of a comprehensive surgical plan, the identity of the tumor should 
first be determined by histology after biopsy. Then the surgical goal and comprehen-
sive treatment concept should be developed by a multidisciplinary tumor board and 
combined with soft tissue reconstruction. In this article, plastic surgical reconstruction 
options for soft coverage of the lower extremity following oncological surgery will be 
described along with the five clinical cases.

Keywords: soft tissue sarcoma, bone sarcoma, limb-sparing surgery, modular endoprosthetic implantation,  
soft tissue reconstruction, microvascular flap

iNTRODUCTiON

Soft tissue tumors and bone sarcomas are a heterogeneous class of mesenchymal tumors com-
prising <1% of all malignancies in adults and represent 15% of pediatric malignancies1 (1). The 
overall mortality rate for soft and bone sarcomas was estimated as 30 and 45%, respectively1 (1). 
Two-thirds of the tumors are located in limbs, most frequently in the lower extremity (46%) (1). 
Osteosarcoma has been the primary model to base treatment of all sarcomas. Multi-agent chemo-
therapy regimens have demonstrated an increase in overall survival rates (15–20%) as compared 
to surgery alone in the 1970s, but more recently, survival has increased to 55–80%1 (2).

There has been considerable progress in the management of limb sarcomas over the past few 
decades. Several decades ago, there was a high rate of limb amputations (38–47%) associated with 
sarcoma, likely the result of reduced radiotherapy and reconstructive methods (3). The introduc-
tion of radiotherapy has considerably improved outcome and in combination with oncological 
and advanced reconstructive surgery important advances have been made in tumor control and 
functional limb preservation1 (4).

In high-grade malignancies or tumors of borderline resectability, preoperative chemo-
therapeutical downsizing could be indicated. In the case of non-resectable tumors, especially 
sarcomas in close proximity of functional structures, isolated limb perfusion can be considered 
(5). Postoperatively, necessary chemotherapy can be combined with deep wave hyperthermia 
(6). Although limb amputation may be unavoidable in some circumstances, the combination 
of limb-sparing and reconstructive surgery can optimize function of the affected limb and 
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avoid the significant psychological impact associated with 
amputation1. Endoprosthetic procedures for skeletal recon-
struction have improved functional outcome (7). Currently, 
90–95% of limb sarcoma patients may undergo successful 
limb-sparing procedures with soft tissue coverage when 
treated at a major center specializing in musculoskeletal 
oncology (4). Thus, for the majority of soft tissue malignan-
cies and bone sarcomas of the limb, limb-sparing surgery 
performed in an interdisciplinary team (8) is an important 
treatment option.

SURGiCAL PLANNiNG AND  
DeCiSiON-MAKiNG CONSiDeRATiONS

A meticulous surgical technique is crucial to ensure an optimal 
oncological and functional outcome for the patient. Successful 
limb-sparing surgery consists of three interdependent stages 
performed in sequence as follows:

 1. Tumor resection with appropriate oncological margins,
 2. Reconstruction and stabilization of the involved bone and 

joints, and
 3. Restoration of the soft tissue envelope and restoration of 

function.

The overall aim of oncological surgery followed by soft tissue 
reconstruction is to carry out a wide compartmental excision 
for maximal tumor removal, yet to preserve limb function. 
The excision is defined as wide when the distance between the 
histologically defined tumor and the excision margins are at 
least 2 cm (3). However, if there is an anatomical barrier such as 
deep or muscle fascia that is intact, which separates the tumor 
from the excision border, the tumor may be considered wide 
with an excision distance <2 cm (3). The European Society for 
Medical Oncology (ESMO) guideline does not state a specific 
margin size. However, it does recommend that radiation therapy 
can be used for tumors larger than 5  cm2,3. Because tumor 
excision often leads to potentially large tissue defects, includ-
ing bone, joint, and tendon exposure, reconstructive surgery 
is an important and critical element (9, 10). For skeletal and 
joint reconstruction, advances in commercial modular endo-
prosthetic devices have importantly advanced the field1 (7, 11). 
With the development of modular endoprosthetic devices with 
their large range in size and adaptability, the surgeon can focus 
on optimizing the oncological resection procedure, having the 
knowledge that appropriate prosthetic components will likely 
be available even if the surgical procedure needs to deviate from 
the preoperative plan. Thus, modern modular endoprosthetic 
reconstruction plays an important role in limb-sparing surgery 
for bone sarcoma resection. Ongoing work to develop better 
approaches for attachment of tendon to endoprosthetic devices 
such as novel clamps and in growth-promoting surfaces to 

2 www.esmo.org
3 www.current-oncology.com

promote may lead to improved junctional strength1 (11). The 
most common site for primary bone sarcomas is the distal 
femur. Endoprosthetic reconstruction of this region is of par-
ticular challenge because the cruciate and collateral ligaments 
must be removed thus reducing stability1 (12). Appropriate soft 
tissue coverage is imperative to decrease the risk of secondary 
periprosthetic infection.

After tumor resection of the lower extremity complex, defects 
are anticipated and multiple variables must be considered for soft 
tissue reconstruction. A large number of details must be taken 
into consideration when planning a reconstruction, especially 
after oncological surgery. One must consider the timing of 
reconstruction, size and location of the defect, involvement of 
neurovascular structures, and exposure or resection of bone, 
tendons, and nerves. Donor site morbidity, disease prognosis, 
and the patient’s previous level of function and expectations of 
restored function must be evaluated as well.

The reconstructive ladder as a concept for wound closure has 
gone through several adjustments over time (13–15). While the 
concept of using the simplest approach and moving up the ladder 
to more complex approaches is certainly important, there may be 
times with oncological defect surgery where this approach may 
not be valid (13).

This led to the idea of the “reconstructive elevator,” which 
was introduced by Gottlieb and Krieger (16). While still admit-
ting to the idea of increasing levels of complex difficulty, the 
“reconstructive elevator” offers the flexibility to elevate directly 
to an appropriate level of complexity as necessary (17). This 
concept draws attention to the importance of selecting the most 
appropriate level of reconstruction instead of selecting the least 
complex that is often the case in soft issue coverage after onco-
logical surgery.

DeTeRMiNiNG THe OPTiMAL TiMiNG 
FOR SOFT TiSSUe ReCONSTRUCTiON

It was demonstrated with regard to traumatic wound coverage of 
the lower limb that microvascular tissue transfer after 5–21 days 
post-trauma resulted in higher flap failure rates and wound infec-
tions (18). In soft tissue coverage following oncological surgery, 
an early time point for wound closure is preferred, but multiple 
stage/sequential procedure might be necessary for the achieve-
ment of a R0 resection and temporary closure is applicable. 
However, when there is R1 or R2 status and chemo- and radiation 
therapy is required, stable wound closure is essential before the 
onset of these therapeutic regimens.

There are several advantages for immediate reconstruction 
to be carried out at the time of tumor resection. One is that the 
anatomical perspective of the oncological defect can be assessed 
prior to scar formation. This will minimize surgical dissection 
of, for example, exposure of vessels for microvascular repair that 
would be necessitated if there was a delay with scar formation (19, 
20). Another advantage is the psychological benefit to the patient. 
However, reconstruction is delayed in cases where the margins of 
the resection site are not clear or when the patient has issues with 
would healing (20).
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FiGURe 1 | Demonstration of tumor at the right inguinal region expanding on the proximal thigh (A), complete metastatic resection was performed 
with preservation of inguinal vessels and femoral nerve (B,C). As a next step, an extended VRAM flap from the contralateral side was prepared and 
transferred for defect closure (D,e). Long-term results revealed complete removal and stable coverage with minimal donor morbidity (F).
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SOFT TiSSUe ReCONSTRUCTiON

Plastic surgical reconstruction options for soft coverage of the 
lower extremity following oncological surgery will be described 
by means of five clinical cases.

Case 1
The first case describes the soft tissue coverage in the proximal 
thigh/inguinal region. A 55-year-old male patient presented 
with an ulcerating metachronous metastasis in the right inguinal 
region (Figure 1A) after resection of a squamous cell carcinoma 
(SCC) to the anus limited to the anal margin only infiltrating 
the perianal skin and without invasion of the sphincter muscle, 
which was resected 11  months before (pT1, pN0, pM0, R0). 
The surgical excision of the metachronous metastasis resulted 
in a soft tissue defect with an extension of 11 cm ×  11 cm as 
illustrated in Figures 1B,C. Here, the complete resection with 
preservation of vessels and femoral nerve followed by soft tissue 
coverage with an extended vertical rectus abdominis myocu-
taneous (VRAM) flap (Figures  1C–E). After wound healing, 
adjuvant chemotherapy with Cisplatin/5-Fluorouracil followed 
by radiotherapy was performed according to the anal cancer 
treatment protocols for metastatic diseases following current 
guidelines (21). Long-term follow-up demonstrated stable cov-
erage (Figure 1F). This case represents an individualized tumor 
treatment concept and a challenging situation for soft tissue 
coverage because of its large soft tissue defect in the groin with 
the need of a soon adjuvant therapy.

Treatment options for the groin and thigh reconstruction 
include as local flaps include sartorius, the tensor fascia latae, or 

the rectus femoris flaps. With regard to tumor size in the pre-
sented case, an extended VRAM flap was performed.

Case 2
A 54-year-old female patient presented with a gradually grow-
ing non-inflammatory and indolent tumor of the right thigh 
(Figures  2A,D). Magnetic resonance imaging (MRI) revealed 
a heterogeneous tumor involving the vastus lateralis, medialis, 
and intermedius muscles (Figures  2B,C). A biopsy confirmed 
an undifferentiated myxofibrosarcoma. CT scans showed no evi-
dence of metastasis. The tumor was removed with a complete size 
of the resected tissue of 15 cm × 8 cm × 7.5 cm under preservation 
of vessels and the femoral nerve (Figures 2E–G). Primary closure 
could be performed after radical resection and histology revealed 
an undifferentiated myxofibrosarcoma pT2b, pN0, pM0, R0; G3 
(FNCLCC). Clinical follow-up examination 1 year after surgical 
treatment showed stable long-term results with a range of motion 
of right knee for extension/flexion 0/0/120° and 60/0/40° of the 
right hip joint (Figures 2H–J).

Treatment options for the groin and thigh reconstruction 
include sartorius, tensor fascia latae, or rectus femoris local 
flaps (22). With regard to tumor size in the presented case 1, an 
extended VRAM flap was performed. In the illustrated case 2, 
the defect could be closed primarily. If primary closure cannot 
be performed, the use of local muscle is in most cases the best 
treatment option and the need for free flaps is only in extensive 
cases necessary. For anastomosis of a microvascular flap, the 
deep inferior epigastric, the superficial epigastric, the superficial 
circumflex iliac, or the femoral vessels could serve as recipient 
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FiGURe 2 | Preoperative clinical presentation of a 54-year-old female with an undifferentiated myxofibrosarcoma G3 in the anterior compartment of 
ventral thigh and correlation with MRi (A–C). Intraoperative situs (C–F) with complete tumor removal (G). Long-term results (H–J) of primary closure showing 
the esthetic outcome and maintained function of the right limb.
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vessels where end to side anastomoses should be preferred to 
preserve distal blood flow (23).

Case 3
This case describes a 15-year-old female with confirmed osteo-
sarcoma of the proximal tibia and treatment with an induction 
chemotherapy according to the Cooperative German–Austrian–
Swiss Osteosarcoma Study Group (COSS) protocol (24, 25). After 
completing neoadjuvant therapy, the patient was scheduled for 
extraarticular knee joint resection. Modular endoprosthetic knee 
reconstruction was performed with a proximal tibia replacement 
and a knee reconstruction implant (MUTARS®) using a trevira 
tube for soft tissue fixation. Initial soft tissue coverage with a medial 
gastrocnemius flap failed due to early post-operative infection. 
After multiple debridement and revision surgery with antibiotic 
spacer application, infection was treated successfully. A new modu-
lar endoprosthetic replacement (Figures 3A–C) was then covered 
with a microvascular latissimus dorsi flap as limb salvage procedure 
(Figures 3B,D–F). Histology confirmed complete R0 resection of 
the osteosarcoma pT2, pN0, pM0; G3. The patient regained good 
post-operative function without signs of extension gap and long-
term stable soft tissue reconstruction (Figures 3D–F).

Local flap for soft tissue coverage at the knee, the gastrocne-
mius flap is the first choice (26). From the gastrocnemius muscle, 
either the medial or the lateral or both heads can be transferred 
for soft tissue coverage. Usually, the medial head is larger in 
comparison to the lateral gastrocnemius head. Other possibilities 
besides free flaps include a reversed anterior lateral thigh (ALT) 
flap or a reverse vastus lateralis flap. In flap decision-making for 
knee reconstruction, the range of motion of the knee as highly 
mobile joint has to be taken into consideration and the amount 
of necessary surface area has to be calculated carefully within the 
flap design (23).

Case 4
The next case describes a 51-year-old female patient with a gradu-
ally growing non-inflammatory and indolent swelling of her right 
lower leg. MRI showed a non-homogeneous tumor in the antero-
lateral compartment of right leg, within the tibialis anterior and 
the extensor digitorum longus muscles. CT scans of her abdomen 
and chest and other studies showed no evidence of metastasis. 
Biopsy confirmed the diagnosis of a sarcoma. Subsequently, 
complete tumor removal was performed (Figure 4A) leading to a 
soft tissue defect of 10 cm × 7 cm (Figure 4B). Wound closure was 
performed with a fasciocutaneous transposition combined with a 
small split thickness skin graft at the donor side (Figures 4C–F). 
Histologically, the tumor was graded as pleomorphic undiffer-
entiated sarcoma pT1, pN0, pM0, R0; G3. After wound healing, 
adjuvant radiotherapy with total dose of 56 Gy was conducted. 
Clinical follow-up 1 year after surgical treatment showed a stable 
complete soft tissue coverage with a range of motion for ankle 
dorsiflexion/plantar flexion of 5/0/30° and for eversion/inver-
sion of 5/0/20° on the operated right side in comparison to the 
unaffected left side for ankle dorsiflexion/plantar flexion with 
15/0/30° and eversion/inversion 10/0/20°.

Reconstruction options for the lower leg with regard to local 
flaps are limited particularly for the lower third can be challeng-
ing, thus free flaps are often required. Here, we performed as a 
prerequisite an angiography. Underlying stenosis of the arteries 
can often be diagnosed and the lower limb revascularization pre-
ceding surgical wound coverage is necessary to reduce complica-
tion rates. An algorithm was described to improve the success of 
microvascular tissue transfer on the lower extremity (27).

Case 5
An 81-year-old male patient presented with a previously 
incomplete (R1) resected primary SCC on the lateral aspect of 
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FiGURe 4 | Defect of the lower leg after tumor removal (A) with remaining defect at the lateral side (B). A fasciocutaneous transposition flap is raised (C) 
and transferred ventrally into the defect (D). Full coverage can be achieved (e) and remaining areas at the donor side can be transplanted with split thickness skin 
graft (F).

FiGURe 3 | intraoperative situs with implanted tumor prosthesis (MUTARS®) after extraarticular tumor resection of the knee joint (A,B) and coverage 
with a microvascular latissimus dorsi flap (B). (C) shows the corresponding x-ray image with a proximal tibial replacement. Post-operative esthetic and 
functional outcome (D–F).
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his left ankle. X-ray examination revealed no involvement of 
the underlying bone and CT scans ruled out any further meta-
static involvement. Tumor resection of the SCC resulted in an 
extended soft tissue defect (Figures 5A,B) that required micro-
vascular flap coverage and preparation of an ipsilateral ALT flap 

with a size of 19  cm ×  9  cm was performed (Figures  5C–E). 
Histology confirmed complete tumor removal of the SCC (pTx, 
pN0, pM0, R0; G2). Complete wound closure could be achieved 
(Figure  5F) with long-term functional and esthetic outcome 
(Figure 5G).
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FiGURe 5 | extensive soft tissue defect at the lateral malleolus (A) after tumor excision (B). For wound coverage, an ALT flap is prepared (C,D) with a long 
pedicle (e) for microvascular anastomosis. The ALT flap engrafted into the defect shows intraoperatively (F) and after wound healing a very satisfying result (G).
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Possibilities for local flaps at the foot include the reversed 
sural, dorsalis pedis, and abductor digiti minimi flaps. For free-
flap anastomosis, recipient vessels are the anterior, posterior, 
peroneal, and dorsalis pedis artery with concomitant veins. The 
plantar surface requires a separate approach of exposure to high 
pressure during walking and mechanical stress. Here, an instep 
flap could be used as an option (22).

POST-OPeRATive CARe AND 
iMMOBiLiZATiON

In the post-operative phase, the limb should be maximally 
elevated for swelling reduction that could potentially compro-
mise the flap used for soft tissue coverage1 (22). It is critical that 
the limb is immobilized and sterile dressing applied to maxi-
mize tissue survival (22, 28). The 24-h post-operative period 
is critical because a high incidence of complication related to 
micro-revascularization of the flap occurs (22, 28). Hematoma 
formation must be reduced and large-bore closed suction drains 
are helpful in this regard1 (22). In case of hematoma develop-
ment immediate and aggressive treatment in the operating 
room should be carried out to prevent occlusion/compression 
of microvascular anastomoses, which could lead to perfu-
sion complications of the flap as an immediate effect and the 
secondary effect of infection, especially in case of implanted 
endoprosthesis1 (22). Subsequent wound care, physical therapy, 
and potential tumor adjuvant therapy are essential to complete 

the therapeutic process (28). Completion of the therapy should 
include standard wound care and physical therapy with the 
potential for adjuvant therapy for tumor treatment (22, 28).

CONCLUSiON

Limb salvage in patients with sarcoma is possible with an accept-
able outcome by selective combination of required treatment 
modalities. Currently, primary amputation is usually only per-
formed in cases where the tumor infiltrates major neurovascular 
structures, bone or joint and when not even marginal resection 
is feasible. In these cases, the great risk of local recurrence or of 
poor limb function favored amputation. Clearly, it is important 
that patients should be provided with solutions that address 
improvement in function, but cosmetic and psychological 
issues should be addressed as well. For patients initially thought 
to have unsalvageable limbs because of tumor size and loca-
tion, reassessment after preoperative chemotherapy may allow 
reconsideration of limb-sparing procedures. Therefore, a careful 
re-evaluation of the patient following adjuvant treatment is nec-
essary for defining a meticulous multidisciplinary surgical plan. 
Limb-sparing procedures combined with soft tissue coverage 
after oncological surgery should not be limited to patients with 
a curative goal, patients in a palliative stage of disease can benefit 
from surgery in terms of pain reduction and improvement of 
quality of life. Finally, given the complexity of a multidiscipli-
nary approach, individualized treatment should be performed 
in major centers specializing in musculoskeletal oncology.
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Soft tissue sarcomas of the upper extremity represent a severe threat for the patient 
and a difficult task for the treatment team. Due to the complex anatomy of the arm, 
most sarcomas involve valuable functional structures. Nonetheless, a large portion of 
the patients can be treated in a limb-sparing manner, and surgery is the mainstay of 
local tumor control. This review gives an overview of the disease entities and their epide-
miology, on necessary patient work-up, staging, and imaging modalities, as well as the 
importance of interdisciplinary decision-making. The surgical therapies and principles 
of tumor excision are outlined, as well as reconstructive options. Furthermore, adjuvant 
treatments are discussed with a special focus on the various application techniques for 
radiation therapy. In spite of established treatment algorithms, each case is an individual 
challenge and individually tailored therapy is required. This aspect is illustrated by pre-
senting three comprehensive cases demonstrating useful strategies. A summary of the 
relevant literature is given.

Keywords: soft tissue sarcoma, plastic-reconstructive surgery, upper extremity reconstruction

iNTRODUCTiON

Soft tissue sarcomas (STS) are a heterogeneous group of rare malignant mesenchymal tumors rep-
resenting <1% of newly diagnosed solid tumors a year (1). They have an annual incidence of two to 
three cases per 100,000 (2). Although sarcomas can occur throughout the body, 60% of STS in adults 
occur in the limbs (15% in the upper extremity and 45% in the lower extremity) (3). One-fifth of all 
STS occur in the upper extremity (4). Therefore, this condition is very rare, and consequently, the 
literature is limited to small case series (5–9). Compared to the lower extremity, where liposarcoma 
and myxoid sarcoma are commonly encountered; synovial sarcoma, epithelioid sarcoma, and fibro-
sarcoma are relatively more common in the upper extremity (10).

Treatment of upper extremity STS presents a major challenge as the complex anatomy and high 
functional demands compete with oncological safety demands. Until the 1970s, extremity STS often 
required limb amputation due to high rates of local recurrence (11, 12). Nowadays, limb-sparing 
surgery can be performed in more than 90% of the patients without compromise in local recur-
rence rates or survival rates (8, 13). This development reflects the success of a modern treatment 
concept with a multidisciplinary team approach (7, 14–18). However, surgical resection remains the 
cornerstone of treatment, and surgical resection margins are the main prognostic factor for local and 
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systemic tumor control (6, 8, 19). In this review, we highlight key 
principles of oncological and reconstructive surgery of the upper 
extremity with focus on the upper arm and the forearm.

DiAGNOSTiC AND STAGiNG wORK-UP

Patients usually present with a subcutaneous tumor discovered 
by palpation. STS of the upper extremity are more readily noticed 
by the patient compared to the lower extremity. The estimation 
of duration and progression of the tumor is often uncertain, and 
there is no association to traumatic injury. The clinical behavior 
of STS is mostly misleading as they are characterized by slow 
growth, few physical complaints, and harmless appearance in 
cross-sectional imaging (20). However, due to the anatomic 
proximity of functional and neurovascular structures at the 
upper extremity complains of nerve involvement or functional 
impairment at first presentation are more common than in the 
lower extremity. Due to these circumstances, tumors of the upper 
extremity tend to be smaller at the time of presentation. In any 
case, every refractory swelling that is not recurrent after 4 weeks 
should initiate diagnostic work-up, as described and discussed in 
this article and elsewhere (21).

It is generally recommended that STS should be treated 
in tumor centers (16, 22–28). However, given the rarity and 
diversity of these tumors, it is not surprising that excisions are 
often performed without preoperative suspicion of malignancy 
and adequate preoperative diagnostic and staging work-up (22, 
26, 29). Tumors of the upper extremity are twice as likely to 
undergo unplanned excision, probably because of their smaller 
size and more superficial location (30). In our own patient col-
lectively, more than 50% of the patients are referred after such 
a procedure for further treatment. As shown, resection margins 
and histopathological assessments from referring institutions are 
often unreliable and unsuitable for further treatment planning. 
Moreover, especially in the upper extremity, the risk for residual 
tumor after unplanned primary excision is high. Although tumors 
are usually smaller than in the lower extremity, complex regional 
anatomy may be the reason for close margins or positive mar-
gins, necessitating more frequently postoperative radiotherapy. 
There is significantly more frequent residual disease and local 
recurrence in the upper extremity, especially around the elbow 
(10). Completion of diagnostic and staging work-up followed by 
re-excision is required in this patient group.

Contrast-enhanced MRI represents the standard procedure of 
diagnostic imaging, as it provides a detailed three-dimensional 
anatomic presentation of the tumor. With this information, tumor 
biopsy and excision can be planned (20, 31). A diagnosis can only 
be achieved by histopathological examination of a representative 
tumor sample. Therefore, excisional (only for small, superficial 
tumors) or incisional/punch biopsy has to be performed, as 
described elsewhere (21, 32). Second opinion reference-center 
pathology should be indicated generously.

Additionally, before a definitive treatment plan is established, 
completion of the clinical staging is mandatory. The assessment of 
tumor size, nodal status, and presence of metastasis has to be per-
formed (TNM status) (33). A spiral CT of the thorax is indicated, 
as STS are primarily characterized by pulmonary metastasis. 

However, at the time of diagnosis, only 10% of the patients pre-
sent with pulmonary metastasis (34). Only rarely, adult type STS 
metastasize to regional lymph nodes. Nevertheless, there are 
some sarcoma subtypes (synovial sarcoma, vascular sarcomas, 
rhabdomyosarcomas, and epithelioid and clear cell sarcomas) 
with a higher probability of lymphatic spread. However, the role 
of sentinel lymph node biopsy in these sarcoma subtypes is still 
unclear (35, 36). Although positron emission tomography (FDG–
PET) has not been yet established as standard imaging modality, 
it has some relevant advantages. As a functional imaging pro-
cedure, FDG–PET provides, besides the metastatic situation of 
the whole body, data on tumor activity and treatment response 
after neoadjuvant treatment. However, limited experience, avail-
ability, and examination costs are actually restricting factors for 
standardized use (37).

TUMOR BOARD Review

Categorization of the patients takes place according to the 
American Joint Committee on Cancer/International Union 
against Cancer classification (33, 38). A thorough treatment plan 
is determined in an interdisciplinary tumor board setting, includ-
ing oncosurgical, reconstructive, neoadjuvant, and adjuvant 
treatment options.

PROGNOSTiC FACTORS

Complete tumor resection is the most important prognostic 
factor for local and distant disease control (8, 9). If local tumor 
control is not achieved, there can be no successful treatment. 
Similarly, the general patient outcome is strongly correlated to 
distant metastasis. In case of insufficient primary excision and 
evidence of residual tumor, maximum effort should be made 
to achieve complete resection by re-excision. Re-excision has 
to include all previous incisions and drainage exit sites as well 
as every anatomic compartment suspicious for contamination. 
Furthermore, the presentation status, whether it is a primary or 
recurrent tumor, as well as the tumor size (<5 or >5 cm), tumor 
grading, and extracompartimental location are relevant prognos-
tic factors (8, 9). The specific anatomic tumor location is also a 
relevant factor: for example, tumor location at the shoulder girdle 
hampers limb-sparing surgery (39–41). As previously stated, 
residual disease and recurrence are more common in the upper 
extremity. Besides anatomical factors, this is also due to the fact 
that histological entities, which are more common in the upper 
extremity (angiosarcoma, malignant peripheral nerve sheath 
tumor), are associated with a higher risk of recurrence (42) that 
more frequent tumors of the lower extremity, such as low grade 
liposarcoma.

ONCOSURGiCAL ReSeCTiON

The extent of surgical margins is subject of discussion, as there 
is no solid evidence. The trend during the past decades has been 
directed toward reduction of the margins (43, 44). The most fre-
quent type of excision is termed “wide excision,” signifying that 
the tumor is to be removed within healthy tissue, in the manner 
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that the tumor is not seen by the surgeon. Contrastingly, the 
so-called “marginal excision” (excision at the level of the tumor 
capsule) is not adequate since it does not include a macroscopic 
layer of uninvolved tissue, which is required by the pathologist in 
order to certify an R0 status. Resection of the entire compartment, 
involving all muscles from their origin to the insertion is largely 
historical and is rarely required. Recently, the type of connective 
tissue involved was a topic of interest, as sarcomas grow along, 
rather than transverse, major fascial planes. This enables preser-
vation of major nerves, bones, and muscles with <1 cm resection 
margin, when fascial planes can be included in the resection 
(45). Microsurgical techniques enable us to maintain the balance 
between radical resection and preservation of function. Tumor 
invasion of nerves is a rare occurrence. In case of close proximity to 
the tumor, epineural dissection is a safe option (46). Furthermore, 
neoadjuvant, intraoperative (IORT), or adjuvant radiotherapy 
treatment modalities additionally contributed to the reduction of 
resection margins. However, when neurovascular or functional 
structures cannot be preserved, the oncosurgical defects have to 
be incorporated into the reconstructive plan.

In cases of advanced disease and extensive infiltration, ampu-
tation of the limb is required. Also in these cases, there are useful 
reconstructive options, such as composite-tissue elbow transfer 
for reconstruction of the shoulder silhouette (41). In order to 
offer consultation to these patients, the surgeon also needs to be 
aware of the current advances in bionic prosthetics, which is a 
rapidly evolving field offering good solutions. The resected speci-
men should be clearly marked with sutures and the correspond-
ing sites in the tumor bed with clips. An intraoperative biopsy 
examination is generally not recommended.

ReCONSTRUCTiON

Whenever possible, reconstruction should be achieved as a one-
step procedure during tumor excision. Otherwise, wound closure 
by vacuum-assisted closure can be an alternative, especially when 
resection margins are uncertain.

The goal of reconstruction is to provide reconstruction of 
every resected tissue and the related function and to achieve 
primary wound healing in the interest of timely rehabilitation 
and adjuvant therapy. In modern reconstructive surgery, it is not 
sufficient to merely achieve wound closure. It is just as important 
to strive for optimal functional and esthetic results. For example, 
split-thickness skin grafts can be transplanted on vital muscle 
tissue with success. However, this will not lead to an esthetically 
pleasing result, and it can possibly cause extensive wound heal-
ing problems, especially if tendons are exposed. In our patients, 
almost 70% of the patients with upper extremity sarcoma require 
reconstructive surgery, compared to 50% at the lower extrem-
ity. Reconstructive techniques are more often required in the 
distal parts of an extremity. In most of these patients, the whole 
reconstructive armamentarium has to be utilized (16, 18). Due to 
small case numbers, there is no evidence supporting the use of 
individual reconstructive techniques, so that the plastic surgeons 
use the traditional “reconstructive-ladder” when devising the 
treatment plan. It is, however, common for experienced surgeons, 
especially in the light of increasing expertise and confidence in 

free-flap surgery, to skip one or more ladders in the decision-
making process.

Several authors have reported that local or regional flaps 
are associated with higher complication rates and have inferior 
functional results compared to free flaps (7, 47), which is also our 
own experience. Some authors found that free-flap reconstruc-
tion after soft tissue sarcoma excision at the upper extremity is 
associated with increased morbidity but better local control (48). 
Others found that functional outcome achieved satisfactory levels 
with both pedicled and free flaps (49).

Proximal upper extremity can be successfully treated with 
traditional random-pattern flaps or axial-pattern flaps originat-
ing from the extremity (lateral upper arm flap) or the shoulder 
(subscapular vascular territory). Axial flaps, such as dorsal 
interosseous flap, can be used on the forearm. Local flaps that 
compromise one of the major vessels, such as the pedicled radial 
artery flap, are not recommended any more due to extensive 
donor-site morbidity.

There are several free-flap options with minimal donor-site 
issues, which are used routinely. Since there is no advantage in 
using a muscle flap and since there are several good perforator 
flaps available, the perforator flaps have become the mainstay of 
modern reconstructive surgery. The workhorse flap for extremity 
reconstruction is the anterolateral thigh (ALT) flap (17), which 
enables a two-team parallel approach in the supine position. The 
parascapular flap is another good alternative, requiring surgery in 
the lateral position. The thoracodorsal artery perforator (TDAP) 
flap or the musculocutaneous latissimus-dorsi (LD) flap is avail-
able for larger defects.

Functional reconstruction of nerve defects (commonly using 
sural nerve grafting) or blood vessel interposition is also per-
formed at this stage. If there is a tendon defect and the muscle can 
be preserved, free tendon transplants are performed, usually using 
the palmaris longus or plantaris tendon. If the muscle has to be 
sacrificed, the first-line solutions available are the classical tendon 
transfers, e.g., radial nerve palsy tendon transfer (50). Functional 
free flaps are rarely required. In this case, free functional gracilis 
transfer is the primary option, e.g., for reconstruction of finger 
flexion, as shown in case 3.

ADJUvANT THeRAPY

Radiation Therapy
Radiation therapy is almost always used as neoadjuvant therapy. 
The only indication for radiation monotherapy is rare cases that 
are deemed inoperable because of significant comorbidities. 
Using the combination of surgical and radiation therapy, 90–95% 
rates of limb salvage can be achieved. Radiation is usually admin-
istered as adjuvant therapy, in a combined dosage of 60–66 Gy 
with conventional fractionation. The field of radiation includes 
the tumor bed, margin of safety, as well as scars from previous 
operations and drainage exit sites. In this way, an improvement of 
local control for G2 and G3 STS can be achieved. Radiation for G1 
tumors is not indicated after R0 resection. Adjuvant radiation can 
negatively influence complex reconstruction, so that high-grade 
sarcoma requiring extensive surgery should preferably be treated 
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FiGURe 1 | Case 1: (A) clinical visible mass in the right axilla, pre-OP drawing of the wide resection margins. (B) Pre-OP drawing demonstrates planned 
pedicled parascapular fasciocutaneous flap. (C) Pre-OP MRI of the right axilla. (D) Intraoperative situation after wide en-bloc excision of tumor. Deep margins were 
achieved by epineurectomy and adventitiectomy. (e) Pedicled parascapular flap inset reconstructs the defect. (F) Clinical appearance 5 years after surgery and 
external post-OP radiation therapy.
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FiGURe 2 | Case 2: (A) pre-OP picture shows mass in the proximal forearm. (B) Intra-OP situation after wide en-bloc excision. (C) Intra-OP application of 
radiation therapy in the wound bed close to the ulna (15 Gy). (D) Raised anterolateral thigh flap from the left leg for microvascular reconstruction. (e) Clinical 
appearance of the reconstructed forearm 1 year after additional external radiation therapy (50.4 Gy).
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with neoadjuvant radiation (51). Neoadjuvant radiation has com-
parable effects on local disease control as adjuvant therapy. The 
advantages are that the field of radiation can be kept smaller, and 
the dosage required (50 Gy) is lower. The often discussed severe 
postoperative wound healing complications after neoadjuvant 
radiotherapy are much more frequent in the lower extremity (52). 
Thus in the upper extremity, this strategy can be applied more 
liberally by taking advantage of the smaller irradiation field and 
dose. Intraoperative radiation therapy is always used in addition 
to neoadjuvant radiation therapy, the dosage of which can be 
reduced accordingly. Usually, 12–15 Gy are administered to the 
tumor bed (case 2).

Chemotherapy
Most types of STS are not very sensitive to chemotherapy, with 
exception of small-round-blue-cell tumors, extraosseous Ewing 
sarcoma, rhabdomyosarcoma, primitive neuroectodermal tumor, 
and desmoplastic small-round-cell tumor. Despite an increase in 
experimental data, there is still limited application of molecular-
targeted therapy for treatment of STS. Two examples of successful 
targeted therapy are the use of imatinib in treatment of dermatofi-
brosarcoma protuberans and the use of sorafenib in treatment of 
angiosarcoma. The use of standard chemotherapeutics, such as 
anthracyclines or ifosfamide after R0 resection, is not generally 
recommended.
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Hyperthermia and isolated 
Limb Perfusion
The combination of neoadjuvant or adjuvant chemotherapy 
and regional hyperthermia, possibly with additional radiation 
therapy, can improve local disease control in locally advanced 
tumors. Isolated limb perfusion with tumor necrosis factor alpha 
or melphalan can be considered in tumors, which cannot be 

resected with R0 margins, or when surgical excision would lead 
to mutilating loss of function.

CONCLUSiON

To achieve optimal outcomes, treatment of STS of the upper 
extremity should be carried out at experienced institutions where 

FiGURe 3 | Case 3: (A) MRi left forearm before radiation. (B) MRI left forearm post radiation. (C) H&E specimen showing only few scattered remaining tumor 
cells as a result of the preoperative radiotherapy. (D) Intraoperative situation after en-bloc excision of the flexor compartment. (e) Intraoperative detail photography 
of the transected median nerve. The blue marking shows the motor branch to the deep flexors, later used for nerve coaptation to the obturator branch of the 
transferred gracilis muscle. (F) Gracilis muscle after microvascular transfer and motor nerve coaptation. After defining the proper tension, the muscle will be fixed to 
the deep flexor tendons (II–V). Flexor pollicis longus function was reconstructed using a brachioradial tendon transfer. (G,H) Clinical result 5 years after therapy. 
There is a remaining extension deficit, but a full finger flexion with a strong grip could be achieved. Patient is in complete remission and rehabilitated in his original job 
as a truck driver.
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all relevant disciplines are represented. Each sarcoma has its spe-
cific histopathological phenotype, grading, size, and, importantly, 
specific anatomical localization within the complex anatomy of 
the arm.

Nevertheless, widely accepted treatment principles exist that 
can be adapted to the individual situation. Prior to treatment, it 
is mandatory to discuss the case in a multidisciplinary confer-
ence defining the use and the sequence of treatment modalities. 
The mainstay of local tumor control – the prerequisite for curing 
the patient – is surgery. A radical oncosurgical approach in the 
upper extremity requires plastic-reconstructive procedures in 
more than 70% of the cases. The continuously expanding plastic-
surgical options for reconstruction of surface, volume, and func-
tion enable surgeons to customize the oncosurgical procedure 
and to preserve the upper extremity with a good oncological and 
functional result in most of the cases.

CASe DeMONSTRATiONS

Case 1 (Figure 1) demonstrates the case of a 64-year-old male 
patient suffering from a high-grade pleomorphic sarcoma in the 
right axilla (T2b, N0, M0, G3). A wide excision was planned and 
carried out with sufficient removal of skin and subcutaneous tis-
sue due to the extracompartimental localization of the sarcoma. 
Margins to the deep structures of the axilla could be achieved by 
thorough dissection of the nerve and vessel sheaths. The transfer 
of a pedicled parascapular flap was performed in the same opera-
tion. Noteworthy, we dissect the pedicle completely back through 
the medial axillary gap, ligating the osseous branches of the cir-
cumflex scapular artery. The flap can be advanced through this 
tunnel, allowing a completely tension-free placement in the axilla. 
The patient is shown 5 years after surgery and post-OP radiation 
therapy with an excellent functional result. The parascapular flap 
delivers sufficient pliable soft tissue coverage avoiding functional 
impairment of shoulder movement (53–55).

Case 2 (Figure  2) shows a 47-year-old female patient with 
fast recurrence of an incompletely resected high-grade sarcoma 
of the left forearm (pleomorphic sarcoma, initially T1b, N0, M0, 
G3). She had underwent the so-called “whoops procedure” – a 
term referring to an unplanned sarcoma resection where no 
malignancy had been suspected. A wide resection was per-
formed with partial removal of the ulnar periosteum. The deep 
tumor bed was treated with an internal radiation therapy with 
the application of 15 Gy, thus reducing the post-OP dose from 
65 to 50 Gy. Distal to the elbow, large defects are difficult to cover 
with local tissue transfer. The transfer of a free-flap offers an 

elegant option to avoid additional morbidity in proximity to the 
tumor region. The demonstrated ALT flap is one of the “work-
horse” microvascular flaps in reconstructive tumor surgery of 
the extremities (17).

Case 3 (Figure 3) shows a 29-year-old patient with an epithe-
lioid cell sarcoma (T2b, N0, M0, G3) of the left forearm within the 
flexor compartment. Crucial structures (flexor muscles, median 
nerve, and radial artery) are involved. When complex functional 
reconstruction of those structures is necessary, postoperative 
radiation therapy should be avoided, which is why preoperative 
radiation therapy (50 Gy) was conducted in this case. The MRI 
pre- and postradiation do not differ much in tumor size, but a 
significant reduced contrast enhancement can be demonstrated. 
Histology reflects good response to radiation therapy with 
only few vital, scattered tumor cells. Radical resection was car-
ried out with en-bloc removal of all flexors (except FCU), the 
median nerve, and the radial artery. Sensory reconstruction was 
performed via multiple sural nerve cable grafts, which resulted 
in recovery of protection sensation. Functional reconstruction 
for the flexors was achieved with a free microvascular, functional 
gracilis muscle transfer, covered with a split-thickness skin 
graft (56). The patient has recovered quite well from this radical 
approach and is rehabilitated in his former job as truck driver. 
In the upper extremity, much less wound healing complications 
arise from this sequence of treatment modalities, especially when 
free tissue transfer is performed. In the lower extremity, there is 
a higher occurrence of severe wound healing complications after 
preoperative radiation.
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introduction: Solid malignancies at the foot and ankle region are rare and include 
mainly soft-tissue sarcomas, bone sarcomas, and skin malignancies. Complete surgical 
resection with clear margins still remains the mainstay of therapy in these malignancies. 
However, attainment of negative surgical margins in patients with locally advanced 
tumors of the foot and ankle region may require extensive surgery and could result in loss 
of extremity function. In these circumstances, plastic surgical techniques can frequently 
reduce functional impairment and cover soft-tissue defects, particularly in cases of large 
tumor size or localization adjacent to critical anatomic structures, thereby improving the 
quality of life for these patients. The aim of this article is to illustrate the various treatment 
options of plastic surgery in the multimodal therapy of patients with malignant tumors of 
the foot and ankle region.

Materials and methods: This article is based on the review of the current literature and 
the evaluation of the author’s own patient database.

Results: The local treatment of malignant extremity tumors has undergone major 
changes over the last few decades. Primary amputations have been increasingly replaced 
by limb-sparing techniques, preserving extremity function as much as possible. Although 
defect coverage at the foot and ankle region is demanding due to complex anatomical 
features and functional requirements, several plastic surgical treatment options can be 
implemented in the curative treatment of patients with malignant solid tumors in this 
area. Soft-tissue defects after tumor resection can be covered by a variety of local flaps. 
If local flaps are not applicable, free flap transfers, such as the anterolateral thigh flap, 
parascapular flap, or latissimus dorsi flap, can be utilized to cover nearly all kinds of 
defects in the foot and ankle region.

Conclusion: Soft-tissue reconstruction in the foot and ankle region is a vital component 
of limb-sparing surgery. It enables complete resection of locally advanced tumors and 
subsequent adjuvant radiotherapy. Modern plastic surgical techniques should, therefore, 
be integrated in the multimodal treatment concept of malignancies in the foot and ankle 
region.

Keywords: sarcoma, reconstructive surgical procedures, lower extremity, microsurgery, flap
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TUMORS OF THe FOOT AND ANKLe 
ReGiON

Malignant neoplasms on the foot and ankle make up about 4% 
of all bone and soft-tissue tumors of the body (1–3). Soft-tissue 
sarcomas, as rare tumors of mesenchymal origin, account for 
about 1% of all adult malignancies but are located in the extremi-
ties in about 60% of all cases (4). Regarding the content of soft 
tissues, the lower extremities are affected more frequently than 
the upper extremities, with a ratio of 3:1. Other rare malignancies 
with localization at the foot are, for example, tumors of the skin, 
such as melanoma, and giant cell tumors of the tendon-sheath, 
vascular sarcomas, and carcinoma metastases. The local treat-
ment of soft-tissue sarcomas has undergone major changes over 
the last few decades. Primary amputations have been increasingly 
replaced by limb-sparing techniques, preserving extremity func-
tion as much as possible (3, 5). Interestingly, a recently published 
meta-analysis revealed that the width of negative surgical margins 
has no significant impact on overall survival (6). The data within 
the latter suggested that patients with clear margins had a better 
prognosis, but surgery to preserve functionality may result in very 
close margins without impairing survival. However, in patients 
with locally advanced soft-tissue sarcomas of the extremities, 
attainment of negative surgical margins may require extensive 
surgery and could result in a loss of extremity function. In these 
circumstances, plastic surgical techniques can frequently reduce 
functional impairment and cover soft-tissue defects, particularly 
in cases of large tumor size or localization adjacent to critical 
anatomic structures, thereby improving the quality of life for 
these patients. Whether limb preservation or ablative procedures 
are applied is also determined by the location of the tumor and 
the expectations and the functional demands of the patient.

ONCOLOGiCAL TReATMeNT STRATeGieS 
AND CONCePTS

Contemporary treatment strategies should include concepts of 
complete resection with negative surgical margins in combina-
tion with plastic reconstructive surgery, especially considering 
the postoperative functional aspects. The factors that determine 
the resectability of sarcomas are mainly the tumor size and 
localization. Regarding surgical resectability, the localization of 
the tumor is of great relevance. Deep or subfascial localization is 
associated with a higher risk of local recurrence or distant metas-
tasis when compared with superficial or epifascial localization 
(7–9). Regarding tumor size, large soft-tissue sarcomas are shown 
to have a diminished survival when compared with small tumors. 
However, large tumor size is found more frequently in high-grade 
tumors. Most survival studies have revealed that the tumor grade 
is the most significant prognostic factor (9, 10). Dedifferentiated 
and high tumor grade is also associated with higher invasiveness, 
resulting in extensive infiltration of the surrounding tissues.

In cases with extensive infiltration of functional structures, 
amputation still has to be considered as a treatment option in 
order to obtain clear margins (7, 11, 12). However, the fact that 
amputation as a curative treatment strategy for sarcomas in the 

extremities has no survival benefit when compared to limb-
preserving surgical procedures should be taken into account. 
It has been shown that amputation, especially in combination 
with radiotherapy, has no advantage compared to resection (6). 
The use of reconstructive surgery and adjuvant radiation since 
the 1980s has been able to reduce the amputation rate to less 
than 20% (13–16). The incidence of local recurrences under limb 
preservation therapy has decreased to 10–15% in recent years; 
however, no change in terms of overall survival has been shown 
(17, 18). Local control rates for high-grade tumors amounted 
to about 90% and to 90–100% for low-grade sarcomas. Notably, 
high-grade tumors are associated with a higher risk of local recur-
rence (19, 20). Subsequently, local recurrence has been found to 
be associated with a diminished survival when compared with 
the primary disease (7, 21, 22). Nowadays, primary indications 
for amputations are fortunately rare. Primary amputations are 
indicated when negative margins are not otherwise attainable. 
However, whenever an amputation is deemed necessary to 
obtain local control of an extremity soft-tissue sarcoma, isolated 
limb perfusion should be considered. Tumor necrosis factor 
alpha-based isolated limb perfusion has been demonstrated 
to result in a limb salvage rate of 81% in patients with locally 
advanced extremity soft-tissue sarcoma who would have oth-
erwise undergone amputation (23, 24). The second indication 
for primary amputation is the palliation of extensive ulcerative, 
bleeding, or odor-intensive tumors with complete loss of extrem-
ity function. A primary amputation must also be drawn early 
into consideration when satisfactory functional results cannot 
be expected from reconstructive techniques after extensive or 
disabling limb-sparing resections. In such cases, timely recov-
ery and mobilization might be achieved earlier after primary 
amputation.

PRiNCiPLeS OF TUMOR ReSeCTiON AT 
THe FOOT AND ANKLe

The implementation of a radical surgical procedure in the distal 
region of the limb is often difficult due to a limited soft-tissue 
situation. Attainment of clear margins becomes much more 
difficult in distal tumors and can result in soft-tissue defects. 
Plastic surgical techniques remain particularly indispensable in 
the treatment of such distal tumors. The extent of resection after 
histological confirmation depends on the size, grading, and local 
relationship to functional structures. Decisions regarding further 
leading reconstructive procedures also depend on it. Negative 
margins should be the goal of surgical therapy. Performance 
of the appropriate margins in soft-tissue sarcomas is often 
complicated by the extended growth of the tumor. Margins to 
adjacent functional structures should be taken into account in 
the oncosurgical considerations. These functional structures are 
fascia, synovia, periosteum, and perivascular and perineural tis-
sue. When there is tumor infiltration of such structures, en-block 
resection should be performed. The course of vascular structures 
should be taken into account during the resection to allow plan-
ning of reconstructive procedures by using pedicled or free tissue 
transplantation.
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ANATOMiCAL AND SURGiCAL FeATUReS

Whereas limb salvage has become the standard of care in the 
treatment of tumor in an extremity, the unique anatomy of the 
foot presents challenges in reconstructing a viable and functional 
limb. The defect coverage in the area of the foot and ankle region 
is demanding due to complex anatomical features and functional 
requirements. The skeletal stability of the foot and ankle region, 
the resilience of the soft tissues, and the preservation of sensa-
tion are at the forefront of reconstructive considerations. Here, 
profound knowledge of the anatomy of the foot and ankle area is 
essential for the development of a rational treatment algorithm 
for covering soft-tissue defects. Hidalgo and Shaw studied the 
arterial anatomy and the cutaneous nerve supply of the plantar 
skin extensively in the 1980s, providing guidelines of safe plantar 
incisions and flap design (25, 26). Prior to their work, flap designs 
on the plantar aspect of the foot were based on the concept that 
blood supply proceeds from the deep to the superficial tissue. 
Therefore, plantar flaps were usually raised subfascially requiring 
extensive dissection of the plantar soft tissue and, thus, resulting 
in severe foot and donor site morbidities (27). However, Hidalgo 
and Shaw demonstrated that local flaps at the plantar aspect could 
be designed with preserved sensitivity and abundant blood sup-
ply as reliable and safe alternatives without the need of subfascial 
dissection. Based on their findings, they further divided the foot 
into four major areas based on different requirements for recon-
struction and the types of flaps available (28, 29). These are the 
proximal and distal weight-bearing plantar areas, the dorsum and 
the ankle region including the malleoli, the Achilles tendon, and 
the non-weight-bearing heel area. Furthermore, they provided a 
classification of foot defects and an algorithm of their coverage 
whose principles are still relevant. They preferred to cover soft-
tissue losses less than 3  cm2 with local flaps in weight-bearing 
areas and with skin grafts in non-weight-bearing areas (Type I). 
Local flaps are more durable than skin grafts and allow normal 
weight-bearing on the reconstructed surface. Plain local flaps, 
such as V-Y flaps and transposition flaps, should be preferred to 
avoid a soft-tissue surplus, which could enhance strains on the 
scar at walking and, thus, increasing the risk of ulceration. Skin 
grafting represents a simple and safe procedure to cover small 
defects with a well-vascularized wound bed. However, skin grafts 
are usually suitable for smaller defects at the dorsum and non-
weight-bearing areas at the instep but are fragile and can generate 
painful scars and ulcerations when transplanted on tenuous soft 
tissue. Therefore, Hidalgo and Shaw do not recommend skin 
grafting alone for larger defects. Such Type II defects, which are 
defined to be larger than 3 cm2 without bone involvement were 
preferred to be covered by free fasciocutaneous, free muscu-
locutaneous flaps, or local flaps to ensure a durable soft-tissue 
coverage preventing recurrent ulcerations, improving the scar 
qualities, and reducing strains on the scars. Large tissue losses 
with bone involvement (Type III) were recommended to be 
reconstructed with free flaps or free osteocutaneous transfers if 
necessary. Here, adequate soft-tissue coverage also provides an 
essential base for following necessary surgical bone procedures. 
Bulky soft-tissue surpluses can be thinned out easily in future 
procedures after healing.

The reconstruction of the highly specific, thick, load-capable, 
and stress-resistant skin of the weight-bearing proximal and 
distal plantar area is more difficult, because the patient’s own 
tissue from other donor regions of the body does not often meet 
the requirements with regard to tissue quality and functional 
needs. By contrast, soft-tissue coverage of the dorsum of the foot 
and the ankle region is of thin and pliable skin with a delicate 
subcutaneous adipose tissue layer. This feature is often severe 
in surgical interventions, for example, in osteosynthetic care of 
ankle fractures. In this case, due to the peculiarity of the soft-
tissue cover, wound complications with exposure of structures, 
such as tendons, joint capsule, bone, and hardware, can occur. 
Furthermore, the mobility of the soft tissue covering the foot 
and ankle is due to quite limited multiple zones of adherence. 
Consequently, defects in serving areas can rarely be treated by 
local tissue displacement. In such cases, tissue from other parts 
of the body must be free transplanted. However, the tissue units 
used for microvascularized transfer are often bulky and have to 
be thinned out and adapted in the course of correction operations 
for subsequent shoe care and esthetic perception. Furthermore, 
the fact that the free transplanted tissue is not innervated must 
be considered. This fact may stimulate the formation of pressure 
ulcers. The reconstruction of complex defects of the foot has expe-
rienced a steady improvement in recent decades. Achievements 
in the therapy have been kept particularly for innovative surgical 
techniques and a better understanding of the specific tissue situa-
tion and functional requirements of the foot and ankle area.

PLASTiC SURGiCAL ReCONSTRUCTiON 
OPTiONS

Tumor removal is often accompanied by major tissue defects. 
Furthermore, there might be an exposure of functional structures, 
such as bones, tendons, nerves, and blood vessels. Therefore, 
plastic surgical reconstruction methods must be an integral part 
of oncosurgical treatment concepts. Moreover, transfer of healthy 
tissue with adequate blood supply enables adjuvant radiation and 
chemotherapy, and might improve the effectiveness by improving 
oxygen nourishment in the tumor bed. A simple reconstructive 
procedure, such as skin grafting, is, therefore, not usual, since 
the resulting soft-tissue coverage is often insufficient for adjuvant 
radiotherapy. However, the reconstructive ladder should still be 
addressed when considering soft-tissue coverage at the foot and 
ankle area. Some local flaps have proven to be very efficacious 
in the treatment of foot and ankle defects. Small defects at the 
non-weight-bearing sole can be covered by simple cutaneous or 
myocutaneous V-Y flaps. Due to its reliable vascular supply, its 
proportions and the moderate donor site defect, the distally based 
sural flap has proven itself in the coverage of smaller defects at the 
hind foot and malleolar region (30–33). The dominant pedicle 
of the distally based sural artery flap is a branch arising from 
the popliteal artery descending from the popliteal fossa between 
the heads of the gastrocnemius muscle. It is accompanied by the 
medial sural cutaneous nerve from the tibial nerve and small 
venae comitantes. The sural artery flap is a fasciocutaneous flap 
located at the proximal dorsal area of the lower leg. Elevation of 
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the flap proceeds proximally after visualization of the entrance 
of the dominant pedicle into the deep fascia in a subfascial plane 
until an adequate arc of rotation is achieved. Notably, the pivot 
point of the pedicle should be at least 5 cm proximal of the lateral 
malleolus in order to preserve the anastomoses with the peroneal 
artery. The maximum size of the distally based sural flap is limited 
because of its slight perfusion provided by the arterial network 
surrounding the sensory medial sural cutaneous nerve. Delayed 
distally based sural flaps can be raised larger and present an 
improved reliability but require a two-step surgical approach (34). 
Such delayed reverse sural flaps are particularly suited for small 
hind foot defects (35, 36). However, defects at the weight-bearing 
hind foot should ideally be reconstructed with sensible local flaps 
to avoid ulcerations. Mendieta et al. reported a case of a heel defect 
in which they connected the severed nerve end of a distally based 
sural flap with the intermediate dorsal cutaneous branch of the 
superficial peroneal nerve to give sensibility to the flap (37). Tan 
et al. recently reported a case series of such neurotized distally 
based sural flaps in 14 patients where all flaps survived and two-
point discrimination achieved at least 14 mm after 6 months (38). 
The neurotized sural flap represents an interesting modification 
for the sensory reconstruction of weight-bearing hind foot defects 
and upcoming studies deserve attention. In the armamentarium 
of local flaps, the instep-island flap based on the medial plantar 
neurovascular pedicle provides another option for the sensory 
soft-tissue reconstruction of small hind foot defects (39, 40). The 
instep-island flap occupies the skin of the non-weight-bearing 
instep between the first metatarsal head and the distal portion 
of the heel. The flap is elevated distally deep to the plantar fasica 
and dissection continues proximally toward the medial plantar 
artery and nerve. Here, the medial plantar nerve can be split from 
distal to proximal in order to preserve the sensitivity of the flap 
and the medial foot (41, 42). The instep-island flap is suited for 
smaller defects, and the donor site must usually be transplanted 
with a skin graft.

If local flaps are not applicable for soft-tissue coverage, free 
tissue transfers can be utilized. Following the resection of a 
malignant tumor in the foot, the use of microvascularized tissue 
has been proven to be a successful surgical technique, offering 
an alternative to ablative surgery with functional restoration of 
the salvaged limb. Large defects of the foot can be treated by free 
microvascular myocutaneous or fasciocutaneous tissue transfer. 
If small defects, exposing bones or tendons, are not eligible for 
local flaps, small free microvascular flaps can be applied. These 
flaps cause a very low donor site morbidity. Myocutaneous and 
fasciocutaneous flaps have the advantage of replacing the missing 
tissue volume. Osseous surfaces can also be adequately covered 
and padded. If local flaps are not available, the implementation 
of a free tissue transfer should be taken into consideration. Such 
flaps provide adequate soft-tissue coverage for adjuvant radiation. 
A new group of propeller perforator flaps based on perforators 
from the anterior and posterior tibial artery and from the pero-
neal artery has been established in recent years, which also allows 
good defect management. In the Tokyo consensus, a propeller 
flap is defined as an island flap that reaches the recipient site 
through an axial rotation. The classification is based on the nour-
ishing pedicle (subcutaneous pedicled propeller flap, perforator 

pedicled propeller flap, and supercharged propeller flap), the 
degrees of skin island rotation (from 90 to 180°), and, when pos-
sible, the artery of origin of the perforator (43, 44). Dong et al. 
recently reported a series of 20 patients with soft-tissue defects of 
the lower leg and foot that were covered by perforator pedicled 
propeller flaps (45). All flaps survived and the areas of soft-tissue 
defect ranged from 2 cm × 8cm to 10 cm × 20 cm. The donor 
sites could be closed primarily in 12 patients and skin grafted 
in 8 patients. Georgescu et al. reported another retrospectively 
analyzed series using perforator pedicled propeller flaps in 24 
diabetic patients with acute and chronic wounds at the foot (46). 
A primary healing rate (96%) was obtained in 72% of all cases, 
whereas flap necrosis occurred in 24% and complete flap loss in 
4%. Specific data after oncological resection and adjuvant therapy 
are still missing to date, but in experienced hands and in well 
selected cases, propeller perforator flaps can cover defects at the 
foot and ankle region reliably and provide an alternative to free 
flaps. In our experience, plastic reconstructive procedures after 
tumor resection in the foot and ankle area are required in about 
50% of cases and are associated with a high success rate. Free 
transplants, such as fasciocutaneous flaps from the anterolateral 
thigh (ALT) and parascapular region, and also myocutaneous 
flaps, such as latissimus flap with or without a skin island, domi-
nate. The ALT flap represents a versatile fasciocutaneous flap and 
is located at the anterolateral surface of the thigh (Figures  1 
and 2). Its dominant pedicle proceeds from the septocutaneous 
or myocutaneous perforators of the descending branch of the 
lateral circumflex femoral artery. Primary closure of the donor 
site is usually possible when the flap width is 10 cm or less. Larger 
flaps need skin grafting of the donor site. Depending on the dis-
tribution of the subcutaneous fat in corpulent patients, the ALT 
flap might be less bulky than the parascapular flap in some cases 
and, thus, should be preferred in the soft-tissue reconstruction 
of the foot. The parascapular flap is a fasciocutaneous flap of the 
posterior trunk and is nourished by the descending branch of 
the circumflex scapular artery, which emerges from the triangular 
space between teres major, teres minor, and the long head of the 
triceps brachii muscle (Figures 3 and 4). The parascapular flap 
can be harvested up to 12 cm in width and 25 cm in length with 
primary closure. Similar to the parascapular flap, the latissimus 
dorsi muscle flap is also one of the most versatile flaps available 
to soft-tissue reconstruction (Figure 5). The expendable muscle 
with its reliable pedicle (thoracodorsal artery) can be harvested 
with or without a skin island from the posterior trunk and is 
excellently suited for widespread defects. The donor site morbid-
ity of most free flaps is moderate and well tolerated by most of 
the patients, especially if the donor site can be closed primarily 
(47–49). Despite the adjuvant radiotherapy applied, the postop-
erative complications are tolerable and do not limit the use of 
microvascular tissue transfer.

As a reconstructive option after tumor resection, local flaps 
represent a reliable tool and can cover a wide range of smaller 
defects. Nevertheless, concerns over distant iatrogenic implanta-
tion of tumor cells at the donor site of local flaps exist when tumor 
resection and flap coverage were performed in the same surgical 
procedure. Reviewing the literature, there has, unfortunately, 
been no systematic analysis on this issue. However, iatrogenic 
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FiGURe 2 | A 62-year-old male presented with first diagnosis of a 
myxoid fibrosacoma G2 at the dorsum of his right foot (A). After 
oncological tumor resection, the defect was reconstructed with a free 
fasciocutaneous ALT flap from the thigh (B,C).

FiGURe 1 | A 77-year-old female was presented after incomplete 
resection of a liposarcoma G2 on the lateral ankle of her right foot.  
The initial tumor localization is shown by MRI image (A). A two-stage 
reconstruction of the defect after extensive resection (B) was done by free 
transplantation of an adipocutaneous flap (C) from the anterolateral region of 
the thigh (ALT flap).
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tumor metastases at donor tissue sites after local flap reconstruc-
tion are a rare occurrence and should not preclude the use of 
local flap reconstruction (50). They have been described only 
in selected case reports (51). Furthermore, the effect of donor 
site radiation on the incidence of iatrogenic tumor metastases 
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FiGURe 4 | A 54-year-old male with infiltrative myxoid fibrosarcoma G2 of the Achilles’ tendon of his left leg and R2 status after foreign surgery (A). 
Reconstructive procedure after oncological resection was performed by use of a free parascapular flap (B).

FiGURe 3 | A 49-year-old male with a clear cell sarcoma G2 localized on his right foot (A). The patient was transferred to our department for oncological 
resection and plastic reconstruction after an incomplete tumor resection. The coverage of the soft-tissue defect about the load-exposed part of the sole was 
performed by a free fasciocutaneous flap (B,C) from the parascapular area.
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FiGURe 5 | A 46-year-old female with soft-tissue defect on her left foot after tumor resection (A). The reconstruction was carried out by free 
transplantation of a latissimus dorsi muscle with split skin (A,B). Image of the foot after healing (C).

still remains unclear and should be examined (50). Beside the 
aforementioned concerns, local flaps can offer some slight but 
noteworthy advantages. In contrast to free flaps, local flaps do not 
require intensive postoperative flap inspections. Postoperative 
positioning protocols and anticoagulation regimens are less 
stringent. However, there has been a paradigm shift in the last 
few decades. Free tissue transfers can be performed with the same 

or even higher degree of safety than local flap transfer as a result 
of the improvements in microsurgical techniques nowadays. 
Safe dissection and positioning of a local flap at the hind foot 
can be technically more demanding, risky, and time-consuming 
when compared to a free flap transfer in a two-team approach. 
Due to the microsurgical and anesthesiological improvements, 
free flap transfers have become physically less demanding 
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surgical procedures and have also become suitable for patients 
with  vascular comorbidities.

Unfortunately, not all postoperative wound complications can 
be anticipated. For defects that extend to the tendons or joints, 
flap reconstruction is always required for adequate closure. A 
forced wound closure and “unexpected” wound complications 
can be slow to heal, devastating for the patient, and delay adjuvant 
radiotherapy. In this instance, early referral to a plastic surgeon 
is necessary in these cases to prevent devitalized superficial 
tissue from becoming infected and generating a deep infection 
that involves tendon, bone, or hardware. The use of free tissue 
transfer remains at the highest level on the reconstructive ladder. 
Although it is more complex, free tissue transfer may be necessary 
as a first choice. Our experience indicates that microvascularized 
tissue transfer is often the most suitable first option in accordance 
with established reconstructive principles. Furthermore, wound 
complications can occur more often after adjuvant radiation. 
Although defects, at first appearance, may be closed primarily 
or by using simple methods, such as split-thickness skin grafts, 
one must take the possibility of postoperative and postradiogenic 
wound complication into consideration. In those cases where 
there is an increased risk of exposure of tendons, bones or osteo-
synthetic material, a prophylactic use of an effective free flap for 
reconstruction should be considered. In the presence of avascular 
scar tissue, it should be removed before reconstruction. The use 
of prophylactic flaps in foot and ankle reconstruction is of great 
interest in patients with a high risk of wound healing disorders.

In addition to transplantation of tissue to cover the defects, 
the replacement of functional structures, such as tendons, ves-
sels, and nerves, are at the forefront. Common peroneal nerve 
lesions or extensive loss of the anterior tibialis muscle might be 
an inevitable part of oncological resection and lead to a drop foot 
deformity. Primary transfer of the posterior tibialis tendon to the 
anterior tibialis tendon can restore the active extension of the 
foot (52, 53). There have been several technical modifications of 

FiGURe 6 | Treatment algorithm for soft-tissue reconstructions at the foot after oncological resection.

this procedure to date and most of them improve the extremity 
function notably (54, 55). Indications for the oncological resec-
tion of the tibial or peroneal nerve are fortunately rare, but, if 
necessary, nerve grafting using the sural nerve can restore some 
protective touch sensibility at the plantar foot even after nerve 
defects of several centimeters (56, 57). However, there are still 
controversies about the timing of nerve grafting, especially 
when adjuvant radiation treatment is planned. There are miss-
ing specific data for peroneal and tibial nerve reconstructions 
to date, but a very recent study that analyzed the functional 
outcome of multiple sural nerve grafts for facial nerve defects 
after oncological resection could not detect any adverse effects of 
adjuvant radiation treatment on the outcome of the nerve grafts 
and endorsed an immediate nerve grafting after primary tumor 
resection (58).

CONCLUSiON

Surgical therapy provides the basis for local tumor control in soft-
tissue sarcoma. The goal defined is the resection of the tumor 
with clear surgical margins, followed by adjuvant radiotherapy 
in highly malignant tumors. In many cases, more complex plastic 
surgical reconstructions, such as the replacement of nerves, blood 
vessels, and bone, or transfer of muscles or tendons, are required 
due to the close proximity to functionally relevant anatomical 
structures. Defects can be covered by means of plastic surgery 
techniques so that the foremost unresectable tumors become 
 curable. In our institution, we use the treatment algorithm 
depicted in Figure 6 in order to cover most of the defects resulting 
after tumor resection.

At the present time, due to efforts in reconstructive plastic 
surgery, complex tumor resection with clear margins can be 
performed while still preserving the function that once may 
have been considered unsalvageable, particularly in the case of 
advanced tumors.
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Patients are frequently presented with incompletely resected 
tumors. In such situations, the resection required is usually far 
more complex and extensive than the primary intervention. Due 
to this fact and the rarity and wide heterogeneity of soft-tissue 
sarcomas, they should be treated in specialized centers with 
plastic surgery as part of an interdisciplinary and multimodal 
treatment concept.

Our experience shows that reconstructive plastic surgery can 
play an integral role in the multimodal treatment concept includ-
ing radiation and chemotherapy. The current plastic surgery 

techniques allow for the preservation and reconstruction of func-
tion after the resection of malignant tumors. The quality of life of 
the oncologic patient can be significantly improved by knowing 
and applying the opportunities of plastic reconstructive surgery.
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Surgical intervention is the mainstay treatment for soft tissue sarcomas (STSs). The
significance of adjuvant and neoadjuvant therapies, such as chemotherapy, radia-
tion, and isolated limb perfusion, remains under controversial discussion. The goal
of this review is to discuss the effects of the aforementioned treatment modalities
and their timing of application in plastic surgery techniques. Furthermore, options of
reconstruction in cases of complications caused by adjuvant and neoadjuvant ther-
apies are discussed. When compared with adjuvant radiation, neoadjuvant treatment
can reduce negative side effects such as fibrosis and edema because radioderma
can be removed during the subsequent surgical procedure. Furthermore, there have
not been any reports of negative effects of neoadjuvant radiation on microsurgical
procedures. However, the dose of neoadjuvant radiation correlates with increased
risks of impaired wound healing postoperatively. Thus, a patient-specific approach to
decide whether radiation should be performed adjuvant or neoadjuvant is necessary.
Preoperative irradiation should be considered in cases where functional structures
are exposed after tumor resection, in order to ensure the best possible functionality.
Adjuvant radiation should be considered in all other cases because of its known
superior wound healing. As for chemotherapy, no negative influence of its use adju-
vant or neoadjuvant to reconstructive procedures, such as local or free flaps, has
been reported. Lastly, small sample size studies have not shown increased risks of
microsurgical failure or wound complications after isolated limb perfusion. The find-
ings of this review suggest that the chronological order of the discussed therapeutic
approaches is not a decisive factor in the surgical outcome of reconstructive procedures
for STS.
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BACKGROUND

Arising from the mesenchymal connective tissues, the heteroge-
neous group of soft tissue sarcomas (STS) occurs subcutaneous
or deep in the extremities in 60% of cases (1). Surgical resection
is the mainstay treatment of STS, and margin status is the most
important prognostic factor. Margin status is usually documented
according to the classification defined byEnneking et al. as intrale-
sional (biopsy), marginal (resection through the pseudocapsule
and pretumoral reactive tissue), wide (resection including sur-
rounding “normal” tissue outside the reactive zone, but within
the involved anatomical compartment), or radical (compartment
resection) (2). Historically, amputation or compartment resection
is most often chosen in order to ensure complete tumor removal.
Modern limb salvage techniques combined with neoadjuvant or
adjuvant radiotherapy are now the standard treatment options
for extremity STS. Sparing adjacent critical structures is safe and
contributes to improved functional outcomes (3). Nevertheless,
due to the heterogeneity of histological STS subtypes and of
responses to chemotherapy, radiation, and isolated limb perfu-
sion, the significance of adjuvant and neoadjuvant options in
multimodal therapeutic approaches were a controversial topic of
discussion in the past (1). In 1982, Rosenberg et al. showed that
there was no difference in local tumor control and disease-free
survival between amputation and limb-saving surgery followed by
radiation (4). In addition, further studies showed similar results
for marginal, wide or radical resection incorporated into pre- and
postoperative radiation (5, 6).

Sarcoma resection should be performed in specialized cancer
centers. Preoperative diagnostic measures, such as magnetic res-
onance imaging (MRI), are indispensable to define the expected
surgical margins. Tumor resection frequently affects exposed
functional structures, such as bones, joints, tendons, blood vessels,
or nerves in addition to soft tissue defects, introducing the need
for reconstructive procedures that include local or free flaps and
motor replacement surgery. Therefore, plastic surgery methods
have to be included in the multimodal approach, and the pref-
erence is shifted from conventional simple techniques of wound
closure toward microsurgical procedures that enable the transfer
of uninvolved tissues to the affected region. Furthermore, recon-
structive surgery can help treat complications caused by adjuvant
and neoadjuvant therapies. The timepoint at which additional
treatments are introduced directly affects the planning for and the
outcomes of tumor resection and reconstructive plastic surgery
techniques.

The goal of this review is to show the influence of the timing
of introduction of additional treatments for STS, such as radia-
tion, chemotherapy, and isolated limb perfusion, on the surgical
techniques used for reconstruction following tumor resection.

RADIOTHERAPY

Despite years of experience, the role of radiotherapy in the
treatment of extremities STS was not fully established in the
past (1). It has been demonstrated that neoadjuvant irradiation
provides no significant benefit in local control of the tumors
and/or development of distant metastasis when compared with

adjuvant treatment (6, 7). Moreover, the influence of neoadju-
vant irradiation on subsequent plastic surgery techniques remains
controversially discussed. As radiation theoretically sterilizes the
reactive zone surrounding the tumor, neoadjuvant radiation may
allow marginal excision to be safely performed around vital struc-
tures without compromising local control rates (6). Neoadjuvant
irradiation enables a smaller radiation field size when compared
with adjuvant irradiation (8).

After neoadjuvant radiotherapy, complete removal of sur-
rounding radioderma prior to soft tissue coverage via plastic
surgery can be performed. As a result, late radiation effects,
such as fibrosis, caused by increased collagen synthesis as a side
effect of external radiotherapy and edema can be reduced. This
procedure is of major interest in cases of exposed functional
structures, such as tendons or joints where fibrosis and edema
can compromise functional restrictions. Furthermore, preopera-
tive treatment prevents the delay between irradiation and surgi-
cal resection that is caused by a possible compromised wound
healing when radiotherapy is performed adjuvant. Several stud-
ies showed that neoadjuvant radiation has no negative effect
on microsurgical procedures, including free flaps (9–11). For
afferent vessels located in postradiogenic altered tissue, there
was no significant increase of complications. Even though pre-
operative radiotherapy typically involves a lower dose of radia-
tion when compared with postoperative radiotherapy, the risk of
impaired postoperative wound healing rises in direct correlation
with the neoadjuvant radiation dose (12). O’Sullivan reported
that 35% of patients receiving preoperative radiotherapy (50Gy
in 25 fractions) and 17% of patients receiving postoperative
radiotherapy (66Gy in 33 fractions) developed wound compli-
cations irrespective of the surgical procedure (primary closure
or plastic surgery) (7, 12). Other authors reported that 21–37%
of the patients who received neoadjuvant radiation developed
serious local wound complications including infection, tissue
necrosis, seroma, and dehiscence, particularly at the proximal
lower extremity (36 vs. 15–27% for other locations) (6, 13).
Interestingly, for the upper extremity, much less wound healing
problems were described compared to the lower extremity after
neoadjuvant radiation therapy (7). Thus, a different regimen of
therapy chronology can be considered for the upper extremity.
Nevertheless, additional surgical procedures aimed to control
wound morbidity were necessary in 16–23% of the cases (13, 14).
On the other hand, rates of fibrosis were increased in patients
who received adjuvant treatment. Radiation doses of 50–60Gy
within 6weeks after surgery can reduce local recurrence, but fibro-
sis and postradiogenic altered skin can provoke chronic ulcera-
tion in an otherwise adequately healed transplant (15). Resulting
unstable scars and fibrotic tissue may cause inferior functional
outcomes (16).

High-dose-rate brachytherapy provides a constant dose to
the target and very low doses to nearby radiosensitive tissues.
Sharma et al. reported that perioperative high-dose-rate inter-
stitial brachytherapy in combination with external beam radia-
tion therapy provides excellent local control and survival rates
(follow-up 46months) with acceptable acute and late toxicities
(17). Delayed wound healing was observed in 5.7% of cases,
whereas chronic skin lesions and fibrosis were observed in 9.6%
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FIGURE 1 | Recurrence of a myofibroblastic sarcoma (TNM
classification: pT2b pNX M0, G1) of the left lower leg 13 years after
tumor resection and free latissimus dorsi transfer. Status post
neoadjuvant isolated limb perfusion.

FIGURE 2 | Preoperative planning of tumor resection (R0).

FIGURE 3 | Elevation of an anteriomedial thight (AMT) flap and
dissection of the pedicle.

(17). Nevertheless, other studies demonstrated an increased rate
of impaired wound healing after brachytherapy combined with
neoadjuvant radiation when compared with external radiation,
irrespective of the reconstructive approach (18). The overall
higher radiation dose might be an explanation for these findings.
No negative influence to microsurgical reconstruction has been
described (19). However, it is important to note that the source

FIGURE 4 | Postoperative result after complete wound healing.

of radiation should be placed at the maximal distance possible to
the anastomosis because local radiation treatment decreases vessel
wall strength (20).

CHEMOTHERAPY

Just as in the case of radiotherapy discussed above, the role of
adjuvant or neoadjuvant chemotherapy in the treatment of STS
is controversial due to the low response rate and toxic adverse
effects. Marginal positive effect to the disease-free surviving was
reported in several meta-analyses in the past (21). Nevertheless,
for first line therapy including Doxorubicin and Ifosfamide, a
response rate of up to 30% is described while no benefit in relapse-
free survival or overall survival could be shown (22, 23). Based on
these findings, adjuvant chemotherapy should be limited to high-
risk patients with extensive, highly malignant STS in the setting of
controlled clinical studies (23).

There have been no reports to the authors’ knowledge of neg-
ative influence of chemotherapy on reconstructive procedures
involving local or free flaps. However, it is noted that adjuvant
treatment should not start before completion of wound healing
because there is a known increased risk of wound complications
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associated with chemotherapy (6). Sanniec et al. showed wound
complications in 49% of cases of combined sarcoma resection and
chemotherapy (24).

Extravasation of cytostatic drugs during peripheral intravenous
administration is a potentially severe complication of chemother-
apy. The frequency of extravasation is considered to be between
0.6 and 6% (25). The extent of local tissue injury depends on
the chemical structure of the applied substance, which is classi-
fied as vesicant, irritant, and non-irritant. According to current
references, treatment of chemotherapy drug extravasation should
be managed in specialized centers (26). Surgical interventions
are indicated in cases of extensive necrotic areas or failure of
conservative measures. After surgical debridement, reconstruc-
tive procedures, such as split-thickness skin grafts or randomized
fasciocutaneous flaps, prevent prolonged secondary wound heal-
ing. Thus, plastic surgical treatment enables early and complete
remission of the lesions and reduces the delay in administration
of further chemotherapy (27).

ISOLATED LIMB PERFUSION

For the treatment of locally advanced STS in the extremities,
isolated limb perfusion with TNF-alpha andmelphalan (TM-ILP)
has proven to be a effective treatment modality with limb salvage
rates of ~87% and response rates of 71% (28, 29). Tumor size
reduction induced by TM-ILP can render non-resectable tumors
to resectable.

Unfortunately, there is limited available data for reconstruc-
tive procedures following isolated limb perfusion. Even when

local complications, such as impaired wound healing and lym-
phocutaneous fistulas are described, small sample size studies
demonstrated no increased risk of microsurgical failure or wound
complications (30). Functional results after limb-sparing surgery
were shown to be satisfactory (31).

CONCLUSION

Interdisciplinary treatment involving pathologists, radiologists,
surgeons, radiation therapists, and medical oncologists is manda-
tory in cases of STS. Therapy planning and performance should
be carried out at referral centers for sarcomas that can provide the
necessary multidisciplinary environment. Irradiation represents a
mainstay in treatment. The significance of chemotherapy and iso-
lated limbperfusion on the outcomes of reconstructive procedures
following STS resection is yet to be elucidated. The chronology of
radiation, chemotherapy, limb perfusion, and surgical resection
appears to have no influence on the success of reconstructive
procedures, such as microsurgical tissue transfers (Figures 1–4).
Most surgeons prefer postoperative radiation because it may
afford decreased risks of wound complications. In cases of neoad-
juvant radiation, free flapsmay be performed for soft-tissue recon-
struction. Several studies showed superior functional outcomes
with preoperative, rather than postoperative radiotherapy. Pre-
and postoperative irradiation mainly affects plastic surgery pro-
cedures in terms of impaired wound healing and fibrosis. Further
studies will be necessary to elucidate the effects of chemotherapy
and isolated limb perfusion on the outcomes of reconstructive
procedures following resection of STSs.
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