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Abstract

Covering the reconstructed area with a healthy soft-tissue envelope is a major challenge
after limb-sparing surgery in patients with malignant bone and soft-tissue tumours.
Negative pressure wound therapy (NPWT) of open wounds hastens healing and min-
imises the requirement for complex reconstructive soft-tissue surgery. The aim of this
study was to investigate the effectiveness and safety of NPWT in bone and soft-tissue
malignant tumour patients with postoperative wound complications. Between January
2006 and November 2009, at a single institution, 13 patients with malignant bone and
soft-tissue tumours who had undergone wide resection were retrospectively analysed.
NPWT was performed in all patients to temporarily close the soft-tissue defects. After
obtaining the culture negativity and normal infection markers, definitive soft-tissue
reconstruction was performed to close the wound with primary suturisation in two
patients, split thickness grafts in four patients, full thickness grafts in two patients,
rotational flaps in three patients and free flaps in two patients. Mean duration of hospi-
talisation was 20 (range 8–48) days and mean follow-up period was 57⋅3 (range 50–74)
months. There was no tumour recurrence or skip metastasis in the follow-up period. In
addition, there was no periprosthetic infection or complication associated with NPWT.
In conclusion, NPWT therapy seems to be a safe and effective option in the management
of local wound problems and secondary surgical site infections after musculoskeletal
tumour surgery.

Introduction

One of the most important problems after limb salvage surgery
in patients with bone and soft-tissue malignant tumours is
covering the reconstruction zone with a healthy soft-tissue
envelope (1). In such patients, surgical site infection is a dev-
astating complication, which can cause periprosthetic infection
and even loss of the extremity. Prolonged surgery, blood trans-
fusion, extra-compartmental resections, massive prosthetic or
allograft reconstructions, adjuvant chemotherapy and radio-
therapy, poor nutritional status and postoperative local wound
problems such as skin necrosis at the wound edges markedly
increase the risk of infection (2,3).

†In this study, all medical and surgical treatments were performed at
Hacettepe University School of Medicine Hospitals.

Negative pressure wound therapy (NPWT) subjects the
wound to continuous or intermittent sub-atmospheric pressures

Key Messages

• NPWT is an effective tool in the management of postop-
erative wound problems in extremities

• use of NPWT after tumor surgery is controversial
• the main doubt is the potential angiogenic effect may

stimulate tumoral recurrence or seeding
• the NPWT seems to be a safe tool in patients with

malignant musculoskeletal tumor whom wide resection
has been achieved
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over special foams, which facilitates the removal of exudates or
pus (4). The main principle is to reduce the edema and bacterial
load while improving the local blood flow, angiogenesis, epithe-
lisation and formation of granulation tissue to enable wound
closure and to reduce the requirement of soft-tissue reconstruc-
tive operations (5–7).

The use of NPWT after tumour surgery is controversial
and assumed as contraindicated by many clinicians (8). The
main doubt is about the angiogenic effect stimulating tumour
seeding or recurrence. The aim of this study was to investi-
gate the effectiveness and safety of NPWT in patients with
bone and soft-tissue malignant tumours who have postopera-
tive wound complications or in whom primary closure is not
possible.

Materials and methods

Between January 2006 and November 2009, at a single institu-
tion, 13 patients with wound-related complications after limb
salvage surgery on malignant bone and soft-tissue tumours
were included. Histologic diagnoses were osteosarcoma in five
patients, giant cell tumour in three patients, chondrosarcoma
in three patients and liposarcoma in two patients. The defects
resulting from wide resections were reconstructed with either
modular endoprosthesis or allograft/internal fixation combi-
nations. A subfascial Hemovac drain was placed routinely.
Extended antibiotic prophylaxis was administered with cefa-
zolin until the drains were removed. NPWT (V.A.C. Therapy®,
KCI USA, Inc, San Antonio, TX) was performed immediately
in six patients and after local wound problems in seven patients.
Initially, the negative pressure was set at 50 mmHg in contin-
uous mode; when the exudation decreased markedly, it was
changed to 75 mmHg in intermittent mode. The foam and dress-
ings were changed every 48–72 hours in the operating room
under sterile conditions. At every such instance, local debride-
ment was performed and wound cultures were obtained. In
addition, the infection markers [erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP)] were obtained on a weekly
basis. Definitive skin closure was performed with either primary
suturation or split-/full-thickness skin grafting.

Data regarding diagnosis, number of NPWT applications,
clinical or laboratory evidence for infection, time of hospital-
isation, follow-up period, associated complications and tumour
recurrence were recorded for each patient.

In the patients’ follow-up visits after their discharge from
hospital, clinical signs of wound problems, infection markers,
and presence of tumour recurrence or metastases were recorded.

Results

The patient demographics, diagnosis, tumour localisations, the
number of NPWT applications and follow-up period were
summarised in Table 1. The average age of the patients included
in the study was 37 (range 15–74) years. There were ten males
and three females. Histological analyses revealed that wide
resections were achieved with clear resection margins in all
patients. NPWT was applied immediately in six patients who
had undergone resections around the knee (distal femur and Ta
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proximal tibia). We routinely performed medial gastrocnemius
rotational flap to cover the endoprosthesis and skin defects
were closed with NPWT if primary closure was impossible
(Figure 1). In the remaining seven patients, NPWT was applied
at an average of 6⋅5 days because of local wound problems
such as necrosis, dehiscence and serous drainage. The average
number of NPWT applications was five (range, three to nine).
After the maturation of granulation tissue, skin defects were
closed with either primary suturation (2), split-thickness graft
(4), full-thickness graft (2) or rotational flaps (3). In two patients
with proximal tibial reconstructions, a free latissimus dorsi flap
was performed because the medial gastrocnemious flap and
granulation tissue obtained by NPWT could not cover the entire
reconstruction zone.

Twelve patients healed successfully without any complica-
tions. A superficial wound infection developed in the gluteal
region in one patient with liposarcoma. Methicillin-resistant
Staphylococcus aureus was detected in the patient’s wound cul-
tures. This patient was treated with serial debridement, NPWT
application and parenteral antibiotics (vancomycin). There was
no deep infection in any patient. The average duration of hos-
pitalisation was 20 (range, 8–48) days. There was no local
tumour recurrence or skip metastasis after an average 57⋅3
(range 50–74) months of follow-up period.

Discussion

Wide resection of malignant bone and soft-tissue tumours
results in large tissue defects, which necessitate skeletal and
soft-tissue reconstruction to maintain the integrity of extrem-
ity functions. Generally, the closure of soft-tissue defects
after skeletal reconstruction is difficult and requires advanced
soft-tissue reconstruction procedures. The main problems after
primary closure of such defects are wound dehiscence, necrosis
of overlying soft tissues and infection (9,10).

In wound healing, the surrounding healthy tissue repairs the
defect with homeostasis mechanisms. Healing is promoted by
several factors, such as healthy tissue perfusion and oxygena-
tion, fine wound edges without necrosis, a dry wound bed

without pus collection, regular dressings and good communica-
tion with the patient. NPWT facilitates wound healing by lim-
iting seropurulent exudate collection, reducing bacterial load,
promoting angiogenesis and local blood flow, improving gran-
ulation tissue and decreasing tissue edema (6). NPWT is being
used extensively in several types of wounds. While most of the
reports are case series and systematic reviews (11,12), there are
only a few randomised studies on the use of NPWT in diabetic
foot, chronic ulcers and skin grafts (13–15). In orthopaedic
practice, NPWT has been used to facilitate healing of surgical
incisions and high-energy wounds in the extremities (16–18).

The use of NPWT after resection of musculoskeletal tumours
is controversial. The presence of malignancy in the area of
NPWT application is accepted as a contraindication by many
clinicians (8). The main issue is that angiogenic mechanisms
and local growth factors may trigger tumour recurrence or
dissemination. However, there is no evidence-based knowl-
edge supporting this argument. On the other hand, there are
several studies demonstrating the effectiveness of NPWT in
wound healing after resection of musculoskeletal tumours
(9,10,19–21). In a clinical study, Sakellariou et al. reported
shorter time of hospitalisation, lower complication rates, a
relative reduction in infection rates and need for further surgery,
and a lower total cost of wound-healing treatment in compari-
son to conventional wound treatment methods (22). However,
there is no information on tumour recurrence or dissemina-
tion in these studies. In this study, after 57 months of follow-up
period, no local recurrence, skip metastasis, tumoural dissemi-
nation or distant metastases were encountered. In addition, The
advantages of NPWT with regard to hospitalisation times and
reduction of the number and complexity of surgical interven-
tions for soft-tissue reconstructions were observed. We suggest
that NPWT can be safely used in patients with musculoskeletal
tumours, if there is confirmation of wide resection with clear
resection margins on histologic evaluation.

Complications of NPWT include on-going pain, hypertrophy
of granulation tissue over the foam and skin, and damage to
important adjacent vessels (20,23). Fortunately, none of these
complications were experienced in these series.

(A)

(C) (D)

(B)

Figure 1 A 15-year-old male with osteosar-
coma in the proximal tibia underwent wide
resection and reconstruction with modular
endoprosthesis (A). A medial gastrocnemius
rotational flap was used to cover the tumour
prosthesis and a free flap was placed over
the proximal wound (B). NPWT was used for
the distal wound, which could not be closed
(C). After maturation of granulation tissue,
definitive skin closure was performed using a
split-thickness skin graft (D).
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There were several limitations to this study such as the
retrospective design and absence of a control group. In addition,
there was a very limited study population included in the study.
From a positive perspective, the follow-up period of 57 months
is considerable in a series of patients with malignant bone and
soft-tissue tumours.

Conclusions

The studies on NPWT in the treatment of soft-tissue infec-
tions and the wound problems of non-tumour patients have
shown promising results. Primary closure of soft-tissue defects
and wound-related problems after wide resection of bone and
soft-tissue tumours can be challenging and can increase treat-
ment costs. In earlier studies, it was thought that NPWT is con-
traindicated in tumour surgery. We suggest that wound-related
problems after wide resection of musculoskeletal tumours can
be safely and effectively managed with NPWT, after confirma-
tion of the wide resection with clear resection margins. Never-
theless, future studies with a prospective design and adequate
patient numbers are needed to verify these results.
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