
Introduction Complex wounds present a challenge to the surgeon 
in operative management, long term care and cos-

metic as well as functional outcome. The term complex 
wound is a wound involving multiple tissues and fre-
quently do not heal in timely manner or fail to heal 

1
completely.  In recent years, NPWT has been shown to 

Effective Application and Outcome of Negative Pressure Wound Therapy in Manage-
ment of Complex Wounds with External Fixator

Abstract  
Background: Negative pressure wound therapy ( NPWT ) has been commonly used in the management of 
complex traumatic wounds of extremities. It reduces oedema, increases perfusion and enhances granulation 
tissue formation. But presence of external fixator makes it difficult to apply and maintenance of seal in 
presence of external fixator thus affecting wound healing. 
Objective: To study the effective application and outcome of NPWT in the management of complex wounds. 
Methods: Retrospective study conducted in Department of Plastic and Reconstructive Mayo Hospital/KEMU 
over a period of 2 years (June20- June 22). All patients presenting with wounds on either upper or lower limb   
with external fixator applied during this period were included. After wound debridement NPWT was applied 
according to our technique. Demographic data of patients, mode of injury, time of presentation after injury 
and site/size of wound were noted. Outcome of seal (Effective maintenance of suction pressure at the 
completion of NPWT application and Seal failure as loss of suction within 72 hrs ) ,  no.  of NPWT sessions 
and outcome of wound (skin grafting/flaps) were documented.
Results: In this study, total number of patients was 26. Seventeen were (65.4%) males and 9(34.6%) females. 
Mode of injury was road traffic accident (69.8%) and machine injury (30.8%). Mean age was 23±14.2 years. 
Mean wound size 31.3±12.6 in2. Mean time of presentation after injury was 11.8±6.14 days. In 3 patients seal 
was not maintained.  In 23 patients seal was maintained. Skin grafting was done in 21 patients and local/ 
distant flaps in 5 patients. 
Conclusion: NPWT has been in use for the management of wounds for many years.  But problem arises in its 
application over wounds with external fixator. There are chances of air leakage and difficulty in maintaining 
seal. With our technique of application, we have been able to manage this problem. It is a simple, quick and 
inexpensive technique with overall good results. Use of this technique minimizes the use of major local and 
free flaps for soft tissue coverage of limbs.  
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be effective therapy for the management of large and 
complex wounds. But it is difficult and time consuming 

2
to use it in presence of external fixator.  Hardware used 
for external fixator interferes with maintaining seal 
which leads to air leakage.                                                                                     

3
First described by Argenta and Morykwas in 1997,  since 
then it has been widely used in different specialities for 
wound management. Basic mechanism of NPWT is by 
mechano-transduction and micro deformation leading 
to cellular proliferation under hypoxia stress providing 

4,5,6an environment for angiogenesis.  NPWT causes 
reduction of wound size /volume, faster wound healing, 
enhancement of graft take, reduction of complications 
and also minimise the number of local and free flaps.

Many people have described different methods of dea-
ling with this problem of applying NPWT over external 
fixator. Caputo et al has used colostomy paste to seal 

8,9
the points where they come in contact with drape.  Fan 
and colleagues have used bone wax alone, bone wax 

10versus colostomy paste and found later better.   

The fact that so many varied methods are described to 
find solution to this problem demonstrate the need of 
quick, effective and reliable method to apply NPWT 
in such patients. More over NPWT application and seal 
maintenance is difficult in wounds where a bi-planar 
fixator is in place. This can affect the outcome in patients 
with bi-planar external fixator. In this study we present 
our method of application of NPWT that ensures an 
effective seal around soft tissue wounds in a very simple 
way. Also sub-group analysis of outcome in patients 
with uni-planar versus bi-planar external fixators is 
presented. 

Methods   
It is a Retrospective study. Data was collected from 
medical records of the patients. All the patients of either 
gender and age having post traumatic wounds on upper or 
lower limb with external fixator were included. Patients 
with non-traumatic wounds, exposed vessels and nerves 
were not included in the study.  Patients admitted both 
from emergency and outpatient department were inclu-
ded. Demographic data of patients, mode of injury, time 
of presentation after injury, dimensions of wound, app-
lication of uni -planar or bi-planar external fixator and 
days of hospital stay were noted. Wound size was mea-
sured by graph paper.  Outcome of seal, no of NPWT  
sessions, complications( pain, bleeding and ski mace-

ration) due to NPWT application and outcome of wound 
(skin grafting/flaps) were noted. Vascularity of limb was 
monitored after NPWT application. Over all NPWT seal 
and wound outcome along with Sub-group analysis of 
outcome in patients with uni-planar and bi-planar exter-
nal fixator was done.
Data Analysis was done with SSPS 21 version software. 
Qualitative data like gender and mode of injury site of 
wound, will be presented in the form of frequency and 
percentage. Quantitative data like age of patients, num-
ber of NPWT sessions, Mean days of NPWT  application  
presented the form of mean ±S.D. T-test was applied 
for quantitative data and chi-square test was applied 
for qualitative data in sub-group analysis.

Figure 1:  a) Wound after debridement b) Shapes of 
foams used for application on wound c) Foam placement 
in two layers. Inner foam directly on wound. Outer 
foam covering the external fixator. d) & e) Cling film 
application to seal the foam dressing followed by 
application of suction to confirm seal.

After base line workup wound debridement was done, 
all the necrotic tissue was removed and wound edges 
cleaned. Two foams were used (Figure 1): one foam 
present in NPWT kit was applied directly over the 
wound and second sterilized large foam was applied 
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circumferentially around the fixator including 3-4cm of 
surrounding healthy tissue (Figure 2). Cling film was 
then applied around the outer foam to make an 
effective seal (Figure 3). Pressure of 90-100mm Hg 

rdwas applied to outer foam. It was removed on 3  day. 
After removal of NPWT wound was washed 
thoroughly and if required it was reapplied.  

Results 

A total of 26 patients were included in this study. Seven-
teen (65.4%) Male and 9 (34.6%) female patients. Eleven 
patients had age < 15 years and 15 patients had age> 
16 years. Mean age was 23±14.2 years. Age range was 

5-57 yrs. Mode of injury was road traffic accident in 
18 (69.2%) of cases and machine injury in 8(30.8%) 
of cases. Seventeen had wound at lower limb and 9 had 
wound over upper limb. Mean wound size was 31.3± 
12.6 in 2. Mean time from injury to presentation at plastic 
surgery department was 11.8± 6.14 days. Mean hospital 
stay was 24.5± 6.12.

Table 1& Table 2 illustrates important results of our study 
and also sub-group analysis of outcome in patients with 
uni-planar versus  bi-planar external fixators. 

Figure 2: a) Post traumatic wound right medial 
malleolus. b) After debridement  c) Wound after 2 
sessions of NPWT ready for grafting.  d) Wound coverage 
with Skin graft.

 In patients with grafting there was partial loss of graft 
in 2 patients.  In these cases, wounds were conservatively 
management and skin grafting was done later. In patients 
with flaps distal epidermolysis in 2 cases.

Characteristics
Uni-plane 

Fixator 
(%)

Bi-plane 
Fixator 

(%)

Total
(%)

P 
value

Effectiveness of 
NPWT seal:

Yes
No

Coverage option 
used:

Split skin grafting
Flap coverage

Number of days of 
hospital stay

15-30 days
>30 days

16 (100)
---

15(93.7)
1(6.25)

15 (93.7)
1 (6.3)

7 (70)
3 (30)

6(60)
4 (40)

6 (60)
4 (40)

23 (88.5)
3 (11.5)

21 (84.6)
5(23.07))

21 (80.8)
5 (19.2)

0.08

0.03

Table 2:  Outcome Data
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Patient 
characteristics

Uni-plane 
Fixator 

(%)

Bi-plane 
Fixator 

(%)

Total
(%)

P 
value

Patient Number 16 (61.5) 10 (38.5) 26 (100)

Age of Patient
≤15 years (9.91 ± 2.9)
>16 years (33.3± 10.6)

7 (43.7)

9 (56.3)

4 (40)

6 (60)

11 (42.3)

15 (57.7)

0.8

Gender
Male 
Female

10 (62.5)
6 (37.5)

7 (70)
3 (30)

17 (65.4)
9 (34.6)

0.6

Clinical data
Cause of injury:
Road traffic accident
Machine injury
Duration of wound:
≤7 days
>8 days
Site of wound:
Hand, Wrist and 
forearm
Foot, Ankle and leg
Dimensions of 
wound:

2≤ 25 Inch
25-50 Inch2

> 50 Inch2

Depth of wound:
Exposed muscle
Exposed bone        

12 (75)
4 (25)

13 (31.2)
3 (18.8)

6 (37.5)

10 (62.5)

7 (43.7)
7 (43.7) 
2 (12.6)

5 (31.2)
11 (68.8)

6 (60)
4 (40)

3 (30)
7 (70)

3 (30)

7 (70)

4 (40)
5 (50)
1 (10)

2 (20)
8 (80)

18 (69.2)
8 (30.8)

16 (23.1)
10 (38.5)

9 (34.6)

17 (65.4)

11 (42.3)
12 (46.2)
3 (11.5)

7 (26.9)
19 (73.1)

0.4

0.008

0.6

0.1

0.5

Surgery data
No. of NPWT 
sessions:

≤ 2
2-4
>5

Complications
Pain
Bleeding
Macerated  skin

None                                          

5 (31.2)
9 (56.3)
2 (12.5)

9 (56.3)
1 (6.25)
7 (43.7)
9(56.25)

2 (20)
4 (40)
4 (40)

4 (40)
---

4 (40)
5 (50)

6 (23.1)
14 (53.8)
6 (23.1)

13 (50)
1 (3.8)

5 (19.2)
14(53.84)

0.03

---

Table 1:  Main Clinical Features



Figure 3:  Post traumatic wound Right arm. a) Volar 
aspectb) Dorsal aspect c) & d) Volar and dorsal aspect 
of wound after debridement followed by NPWT appli-
cation e) Wound after three sessions of NPWT f) Abdominal 
flap elevation for coverage of wound  g)Flap insetting 
on wound  h) & i) After division of flap: Volar and dorsal 
aspect

Discussion  

High speed motor vehicles accidents are frequently 
associated with significant injury to both soft tissue and 
bone. In this scenario, open fractures are often managed 
with external fixator device. Traumatic soft tissue wounds 
with or without associated fractures, generally respond 
very well to NPWT with respect to reducing risk of infec-
tion and accelerating the healing process. Control of 
Infection and soft tissue coverage over exposed bone 
has a vital role in its overall outcome.    

Figure 4: a) Post traumatic wound right forearm 
b)After debridement c) Wound after 2 sessions of 
NPWT ready for grafting. d) Wound coverage with 
Skin graft.
Use of NPWT has been well established in successful 
management of hard-to-heal wounds. It is used as adju-
vant  to surgery  for  wide range of wounds with aim to 
decrease morbidities, duration of hospital and patient  
comfort. It promotes reduction of bacterial load, elimi-
nates dead space and increases fluid drainage which 
leads to decrease in wound size and enhances wound 
healing thus preparing wound for spontaneous healing/ 

12,13,14,15
by a reconstructive option down the ladder.  At 
the same time reduces the need for frequent dressing 

16
change.  But presence of fixator and poor adherence 
between plastic drape and pins cause difficultly in main-
taining seal. Air leakage causes continuous flow of air 
over the wound surface leading to tissue desiccation 
and formation of eschar. This eschar seals the wound with 
retained exudate and leads to worsening of wound. Thus 

17
affecting overall management and outcome of patients.  

Figure 5: a) Post traumatic wound right ankle 
b)After debridement c) Wound after 2 sessions of 
NPWT ready for grafting. d) Wound coverage with 
Skin graft.
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Several studies have explored different methods to 
solve this problem. These include wrapping of rubber 
bands around pins outside the drape 2, use of hydro-

19
colloid gel at pin site.  Luigi et al used cling film around 
external fixator with cotton wool roll over rods and 

20
pins.  Lemmon used foam pieces particularly around 

17
prominence of pins and rods.  According to all of these 
studies their methods have been effective in maintaining 
seal of NPWT thus improving outcome of patient, decrea-
sing morbidity, cost and duration of hospitalization.                                 

In our study, we used two foams, one directly over wound 
and second circumferentially around the fixator and then 
wrapped it with cling film. We found this technique 
very effective in maintaining seal in wounds with external 
fixator which had a positive effect on outcome of patient. 
Sub- group analysis of outcome in patients with uni-
planar versus bi-planar external fixators also endorse 
this. Seal maintenance is difficult in patients with bi- 
planar external fixators. But our technique overcomes 
this problem and 60% of wounds were covered with 
graft.   In one patient pin of external fixator protruded 
through the outer foam leading to air leakage. It was 
reapplied in this case with extra padding over the pins. 
NPWT enhances granulation tissue. Most of exposed 
bones were covered with healthy granulation tissue 
after 2-4 sessions of NPWT, 21 patients underwent 
grafting and only 5 patients needed flaps. (Figure 
2&3). Patients in whom Flaps were done wound size 
was reasonably decreased. (Figure 4&5).       

                                                                         

Conclusion 

NPWT has been in use for the management of wounds 
for many years.  But problem arises in its application 
over wounds with external fixator. There are chances 
of air leakage and difficulty in maintaining seal. With 
our technique of application, we have been able to manage 
this problem. It is a simple, quick and inexpensive 
technique with overall good results. Use of this technique 
minimizes the use of major local and free flaps for soft 
tissue coverage of limbs.                                                                                    
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