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Abstract

Aim: Defects of the extremities due to high-energy trauma are common
and it is necessary to repair these defects. Reconstruction is possible
with simple surgeries using skin grafts and negative pressure therapy
(NPT). In this study, we present our results of the reconstruction of
extremity defects caused by high-energy trauma with a simple surgical
procedure using NPT.

Methods: Patients with soft tissue defects of the upper and lower
extremities caused by high energy trauma, who were treated with NPT
between November 2009 and June 2015, were included in the study.

Results: NPT was performed in 63 patients. The average defect size
was 60 cm2. The patients underwent an average of nine sessions.
The average length of hospital stay was 26 days. The defects were
reconstructed using skin grafts and local flaps in 58 and two patients,
respectively. None of the patients required free flaps.

Conclusion: Extremity defects occurring due to high energy trauma
can be closed by simple surgical techniques using NPT, patients can
be protected from the complications of free tissue transfer, and also
treatment is possible at much lower costs.
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Amac: Ekstremitelerde ylksek enerjili travmalar sonucu defekt
olusmasi sik gorilmektedir ve bu defektlerin onarilmasi zorunludur.
Negatif basincli terapi (NBT) kullanilarak bu defektlerin deri greftleri gibi
daha basit cerrahi islemler ile rekonstriksiyonu mimkin olabilmektedir.
Bu calismada yuksek enerjili travma sonrasi ekstremitelerinde olusmus
defektlerin  NBT kullanilarak basit cerrahi iglemlerle kapatilmasi
konusundaki sonuglarimizi sunmaktayiz.

Yontemler: Kasim 2009-Haziran 2015 vyillari arasinda Ust ve alt
ekstremitelerinde yiksek enerjili travma sonucu yumusak doku defekti
olusan ve tedavisinde NBT kullanilan hastalar calismaya alindi.

Bulgular: Altmis ¢ hastada NBT uygulandi. Hastalardaki yara alani
ortalamasi 60 cm? olarak hesaplandi. Hastalara ortalama dokuz seans
NBT uygulandi ve ortalama 26 glin yatarak tedavi edildiler. Elli sekiz
hastanin yarasi deri grefti ile iki hastanin yarasi lokal flepler ile onarildi.
Hicbir hastada serbest flebe gerek olmadi.

Sonug: NBT ile yiiksek enerjili travma sonucu ekstremitelerde olusan
yaralar basit cerrahi teknikler ile kapatilabilmekte, hastalar serbest doku
transferinin komplikasyonlarindan korunabilmekte, hem de ¢ok daha
az maliyetle tedavi saglanabilmektedir.

Anahtar Sozciikler: Yaralar, negatif basingli terapi, ekstremite, travma

Introduction

High-energy trauma to the extremities that lead to
open fractures with major soft tissue losses is frequent,
especially in young adults. In extremity injuries caused by
high energy trauma, it is necessary to remove the dead
tissue from the site and properly close the soft tissue in

order to protect the affected extremity from amputation.
Soft tissue defects in the extremities are caused by the
effects of trauma and posttraumatic debridements (1,2).
The surgical method which will be used in closing the
defect is decided according to the size of the wound,
whether there are tissues such as bone or tendon at the
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base of the wound, and exposure of the implants used in
stabilizing the bone. Skin grafts, local myocutaneous and
fasciocutaneous flaps, distant flaps, and free flaps can be
used in closing defects, which cannot be closed primarily.
Although reconstruction with skin grafts is the easiest
surgical method, it requires a well-vascularized recipient
bed and cannot be performed if there is exposed bone,
cartilage, tendon or surgical implants. It is mandatory
to use flaps in these cases (1). Free tissue transfer is
necessary if the soft tissue loss is too large to be closed
with local flap and sometimes more than one flap may
be required in wide defects. As the size and depth of the
wound increases, the need for more extensive surgeries
arises; and as a result of these major surgeries, donor-
site morbidity, frequency of complications, and length of
hospital stay increases (1,3).

Negative pressure terapy (NPT) systems have been used
frequently as a non-surgical method in wound treatment
for the last 20 years. NPT, which has been developed for
closing large, chronic, and infected wounds, has also
started to be used in traumatic wounds. Thanks to these
systems, it is possible to close the wounds, if not at least
wound closure with simpler surgical techniques can be
provided (4,5).

In this study, we present patients whose extremity
defects caused by high energy trauma were treated with
NPT.

Methods

This research was conducted in compliance with all
ethical standards given in the Helsinki Declaration of 1975
as revised in 2008 and was approved by Clinical Research
Ethics Committee of Ankara Numune Training and
Research Hospital (2009/21). Written informed consent
was obtained from all individual participants included
in the study. Patients, who had developed soft tissue
defects with exposed bone and tendon in the upper and
lower extremities due to high-energy trauma and were
treated with NPT between November 2009 and June
2015, were included in the study. No exclusion criteria
were used in the study. The patients with bone and joint
injuries were treated by the department of orthopaedic
surgery using appropriate methods. Surgical debridement
was performed under anesthesia in the operating room
environment and necrotic tissues were removed from
the wound site in all patients. Debridements were
repeated every two days in patients in whom adequate
debridement was not achieved in the first time. NPT
was initiated after the dead tissue was removed from
the wound site. NPT was implemented using a vacuum-
assisted closure system (Kinetic Concepts, Inc, San
Antonio, Texas, USA) in all patients. Polyurethane foam
was cut according to the wound size and placed on the
surface of the wound, so it would close the entire surface
yet would not overflow it. The sponge was then dressed
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by an adhesive cover to form an airtight environment. A
tube was placed in a small hole opened in the foam and
the other end of the tube was connected to the device’s
collection container.

The patients underwent three sessions of NPT weekly
during their stay, and it was adjusted so the foam was
changed on mondays, wednesdays, and fridays. All
patients underwent negative pressure of 125 mmHg. NPT
was implemented continuously for the first three practices,
and intermittently as active five minutes followed by
passive two minutes in the continuing practices.

When NPT would be implemented on the exposed
bones, holes were drilled in the bone cortex at 1 cm intervals
during surgical debridement in order to ensure the formation
of granulation tissue from the bone medulla as well.

Statistical Analysis

Data analysis was performed by using IBM SPSS
Statistics version 17.0 (IBM Corporation, Armonk, NY, USA).
The Kolmogorov-Smirnov test was used to assess whether
the continuous variables were distributed normally or not.
Levene's test was used for the evaluation of homogeneity
of variances. Descriptive statistics for continuous variables
were expressed as mean + standard deviation or median
(minimum-maximum), where applicable. Numbers and
percentages were used for categorical data. While the
mean differences among groups were analyzed by One-
Way ANOVA, otherwise, the Kruskal-Wallis test was applied
for the comparisons of not normally distributed data.
A p-value of less than 0.05 was considered statistically
significant and when a p value was statistically significant,
post-hoc Tukey HSD or Conover’s multiple comparison test
were used to know which group differ from which others.
Categorical data were evaluated by Pearson’s chi-square
test. Degrees of association between continuous variables
were evaluated by Spearman'’s rank correlation analyses.

Results

The treatment was performed in a total of 63 patients
(56 male, 7 female) with a mean age of 36.8 (3-73) years.
7.9% of the defects were on the forearm and elbow,
15.9% on the hand and wrist, 38.1% on the thigh and leg,
22.2% on the dorsum of the foot and ankle, and 15.9%
on the sole of the foot. Thirty nine of the wounds were
caused by traffic accidents, three were due to burn injury,
15 were because of work accidents, and six were related
to a fall. The bone, tendon, or plaque/screw used in bone
stabilization was exposed in defects in all patients. For all
defects, the average of the defect areas was estimated
at 60 cm2 (4-800); an average of nine sessions (3-24) of
NBT was performed and the average length of hospital
stay was 26 (10-65) days (Table 1). Wound care dressing
was done at the bedside in all patients and no pain was
endured. No problem occurred in any of the patients
including four pediatric patients aged three-nine years.
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The average size of the defect area was estimated at
45 cm? (4-90) on the forearm and elbow, 30 cm? (12-60)
on the hand and wrist, 110 cm?2 (24-800) on the thigh and
leg, 55 cm2 (24-100) on the dorsum of the foot and ankle,
and 45 cm? (24-80) on the sole of the foot. The defect
area on the thigh and leg was statistically significantly
larger than on other sites (p<0.001) (Table 2) (Figure 1).

An average of eight sessions (4-15) of NPT was
performed for the hand and wrist defects, five sessions (3-
7) for the forearm and elbow defects, 9.5 sessions (5-24)
for the thigh and leg defects, eight sessions (4-11) for the

Table 1. Demographical and clinical characteristics of cases
Number of cases, n 63

Age (years), mean + SD 36.8+17.1
Range of age (years) 3-73
Gender, n (%)

Male 56 (88.9)
Female 7(11.1)
Defect level

Hand and wrist, n (%) 10 (15.9)
Forearm and elbow, n (%) 5(7.9)
Thigh and leg, n (%) 24 (38.1)
Dorsum of the foot and ankle, n (%) 14 (22.2)
Sole of the foot, n (%) 10 (15.9)
Defect size, cm? (range) 60 (4-800)
Number of NPT session, n (range) 9 (3-24)
Hospitalization (days), n (range) 26 (10-65)
Type of reconstruction, n (%)

Flap 2(3.2)
Secondary healing 3(4.8)
Skin graft 58 (92.1)
SD: Standart deviation, NPT: Negative pressure therapy

defects of dorsum of the foot and ankle, and 11 sessions
(4-13) were performed for the defects of the sole of the
foot. The average number of NBT session for the forearm
and elbow was statistically significantly lower than for the
other sites (p<0.001) (Table 2) (Figure 2).

The mean length of hospital stay was 23.5 days (14-
42) in patients who had hand and wrist defects, 15 days
(10-20) in those with forearm and elbow defects, 29 days
(17-65) - thigh and leg defects. 20.5 days (13-38) - foot and
ankle defects, and 32 days (16-36) in those with defects
on the sole of the foot. The mean length of hospital stay in
patients with forearm and elbow defects was statistically
significantly lower than in those with defects in the other
sites (p<0.001) (Table 2) (Figure 3).

After NPT, one thigh defect and two dorsum of foot
defects closed secondarily, one hand and wrist defect and
one thigh and leg defect were reconstructed with local
flaps and the remaining 58 defects were reconstructed
with partial thickness skin grafts.
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Figure 1. Distributions of defects levels according to defects size

Table 2. Demographical and clinical characteristics of cases

Hand and wrist Forearm and Thigh and Dorsum of the Sole of the p-value
elbow leg foot and ankle foot

Age (years), mean = SD 33.9+18.3* 30.4+4.5% 36.7+14.0" 25.5+15.4* 58.8+7.58 <0.00"
Gender, n (%) - - 0.080*
Male 9 (90.0) 5(100.0) 18 (75.0) 14 (100.0) 10 (100.0)
Female 1(10.0) 0 (0.0) 6 (25.0) 0 (0.0) 0 (0.0)
Defect size, cm? (range) 30 (12-60)* 45 (4-90)* 110 (24-800)® | 55 (24-100)* 45 (24-80)A <0.001"
Number of NPT session, n (%) 8 (4-15)* 5(3-7)® 9.5 (5-24)* 8 (4-11)* 11 (4-13)* 0.0257
Hospitalization, days (range) 23.5 (14-42)* 15 (10-20)® 29 (17-65) 20.5 (13-38) 32 (16-36)* 0.010"
Type of reconstruction
Flap, n (%) 1(10.0) 0 (0.0) 1(4.2) 0 (0.0) 0(0.0) 0.637+
Secondary healing, n (%) 0(0.0) 0 (0.0) 1(4.2) 2(14.3) 0 (0.0) 0.397¢
Skin graft, n (%) 9 (90.0) 5(100.0) 22 (91.6) 12 (85.7) 10 (100.0) 0.712%

SD: Standart deviation, NPT: Negative pressure threrapy, The different upper-case letters in each row indicate that statistically significant difference between groups (A vs B) (p<0.05)
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Figure 2. Distributions of defects levels according to number of
negative pressure therapy sessions
NPT: Negative pressure therapy

Table 3. The results of correlation analyses between defect
size and number of negative pressure therapy session

n Coefficientof | P

correlation

Hand and wrist 10 0.928 <0.001
Forearm and elbow 5 0.100 0.873
Thigh and leg 24 0.422 0.040
Dorsum of the foot and 14 0.285 0.324
ankle
Sole of the foot 10 0.794 0.006
Overall 63 0.519 <0.001

None of the patients required free tissue flaps. There
was a graft loss of 30% in a 73-year-old diabetic patient
whose defect was located on the dorsum of the hand and

was reconstructed using a graft and this defect recovered
secondarily. No complications occurred in other than this
case.

After making correlation analyses between defect
size and number of NPT session in all cases, there was
a statistically significant correlation between increasing
defect size and number of NBT session (r=0.519, p<0.001),
but when only defects on the forearm and elbow and
defects on the dorsum of the foot and ankle were
considered, there was no statistically significant correlation
between defect size and number of NBT session (r=0.100,
p=0.873 and r=0.285, p=0.324, respectively) (Table 3).

Discussion

NBT was developed for treating large, chronic wounds
and was mainly developed to turn the wound beds of
chronic, wide, and infected wounds into ones suitable
for reconstruction (4,6). NPT, which is administered after
appropriate surgical debridement of such chronic wounds,
increases granulation tissue formation and thus, makes it
possible to close the wound with less aggressive surgical
procedures (4,6,7). It is also an alternative treatment
option in patients not suitable for surgical procedures and
those with small defects (6).

The positive effect of NPT on wound healing is due
to multiple factors. With NPT, excess wound exudate,
which contains factors that inhibit fibroblasts, endothelial
cells, and keratinocytes are removed from the site (4,6).
Also, the edema surrounding the wound decreases with
NPT and with this decrease, the blood vessels around
the wound dilate and the blood flow to the wound
increases. Herscovici et al. (1) determined that over 500
cc of fluid is taken from the tissues in the first 24 hours in
NPT applications after high-energy trauma. The increase

Figure 3. (a) Three years old boy, the wound located on the dorsum of the left foot and ankle as a result of a traffic accident. View of
a 10x5 cm defect with exposed tendon on the base of the wound. (b) View of the defect after debridement and bone stabilization. (c)
The surface of the tendons were completely covered by granulation tissue. (d) The defect was reconstructed with skin grafts. (e) View
of the defect in the second year postoperative. There were no complications
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in blood flow to the wound site helps the granulation
tissue form more rapidly. In a randomized prospective
study, NPT and wet dressing were compared in terms
of granulation tissue formation and it was shown that
granulation tissue formed much faster with NPT (2).
Also, NPT prevent colonization of anaerobic bacteria and
decrease bacterial load of the wound. It has been shown
that with NPT, the bacterial load reduced from 107 to
103 in four-five days (1,4,5). Another factor is that NPT
transmits an equal amount of mechanical force against
the tissue surrounding the wound. It was shown for the
first time in 1911 that mechanical force stimulates tissue
angiogenesis and growth. Clinically used techniques, such
as tissue expanders and the llizarov techniques, both
apply mechanical force. With NPT, the mechanical force
applied on the tissues surrounding the wound ensures the
surrounding tissue to migrate towards the center of the
defect, and as a result, the wound decrease in size (1,8,9).

Different surgical techniques have been identified for
closure of large soft tissue defects in extremities, especially
due to high-energy trauma, such as skin grafts, local
fasciocutaneous-musculocutaneous flaps, and free flaps
(10). Skin grafting is a simple surgical procedure and the
fact that grafts can be obtained in large amounts allows
them to be used when repairing large defects and therefore
makes them the most preferred method, however, the
success depends on the vascularity of the recipient bed.
Skin grafts cannot be applied on bone, cartilage, tendon or
surgical implants (11). Local flaps are needed in such cases.
As for defects which are too large to be repaired locally,
free flaps are needed. Although successful results can be
achieved with the use of free flaps, these surgeries cause
problems such as sacrificing major arteries, prolonged
operative time, and donor site morbidity. They also require
special equipment and surgical skills (1,11). There is a 5%
failure rate after free flap surgery and this rate increases
especially in defects located at the tibial region. There is a
7% risk for amputation of the lower extremity after free
flap surgery (12).

Various studies have been conducted regarding the
use NPT for reconstruction of extremity defects due to
high energy trauma, without the need for free flaps. In
a prospective study conducted by Mullner et al. (13) in
1997, it was reported that lower extremity defects due to
high energy trauma in 12 patients, in which the bone and
plates were exposed, recovered within an average of 16
days of NPT treatment following rigid bone stabilization.
In their series including 75 patients, DeFranzo et al. (8)
reported that lower extremity wounds with exposed
bone and tendons were the result of trauma in 49
patients without osteomyelitis of the lower extremity; the
patients were treated with NPT after debridement and
a success rate of 95% was achieved. The wounds were
closed primarily in 12 patients, skin grafts were used in
58, and local flaps were used in five patients. None of

273

the patients required free flap surgery. There were no
complications in the patients who were followed up for a
period of six months-six years. As for a series including 96
patients, NPT treatment was administered in 96 patients
who had defects on the foot or ankle due to trauma with
exposed tendon, bone, or implants. In 92 patients, the
wounds could be closed with an average of six weeks of
topical negative pressure (TNP) treatment after the injury,
without the need for free flaps (14). As for our study, NPT
treatment was administered in 63 patients who had an
average of 60 cm? defects with exposed bone, tendon,
and implants in different locations of the upper and lower
extremities. The defects were reconstructed with grafts in
58 of the 63 patients after an average of 26 days hospital
stay and nine sessions of TNP treatment and none of the
patients required free flaps.

In our study, the relationship between defect size
and NBT session required was directly proportional in all
regions except forearm and elbow and dorsum of the
foot and ankle. For defects on those levels, fewer NBT
sessions and shorter hospital stay were needed according
to defects size.

TNP is generally accepted as a reliable method of
treatment. The most important complication of the
treatment is the pain endured while changing the
sponges (15). The pain is intermittent and is particularly
due to the negative pressure itself, and the pain can
mostly be eliminated by lowering the pressure. There
were no complications, particularly pain, encountered
during the sponge changes or treatment process in our
study. Theoretically, NPT can cause arterial injury and
major bleeding, thus, application of the sponge directly
on the vessels is contraindicated. In their study including
75 patients, DeFronzo et al. (8) reported that none of
the patients who were treated with NPT had bleeding.
However, White et al. (16), reported a case of anterior
tibial artery injury associated with NPT 22 days after
treatment. Excessive granulation tissue formation may
also cause bleeding especially in children and young adults
(4,5,17). In our study, none of the patients, including the
pediatric patients, had bleeding.

Cases of bacterial infections and toxic shock syndrome
associated with NPT treatment have been reported in the
literature (14). The anaerobic environment caused by NPT is
particularly favorable for the growth of anaerobic bacteria
(18,19). In contrast to these publications, many clinical trials
have shown that NPT reduced bacterial load (20,21).

Four of the patients treated with NPT in our study were
pediatric patients aged three-nine years and there was no
problem during the treatment period. Similarly, Mooney
et al. (7) used TNP treatment for soft tissue defects in 27
children, 20 of whom had defects on the extremities, and
stated that the children tolerated the treatment very well.

In a study by Herscovici et al. (1), NPT was compared
with wet dressings and free tissue transfers in terms



Orhan and Erdogan. Negative Pressure Therapy for Extremities

of cost. When the total costs of dressing materials and
nursing were included, the daily cost of wet dressing was
estimated to be 100 dollars, the daily cost of NPT was
103 dollars; whereas for free tissue transfer, only the cost
of surgery was estimated to be 6000 dollars. According
to this calculation, NPT is not more expensive than wet
dressing and it also has advantages other than its positive
effect on wound healing such as allowing ambulation of
patients during the treatment and requiring only a few
dressing changes. Sixty days of NPT treatment is required
for the cost of NPT to equal the cost for free tissue transfer,
and according to our study, the average length of hospital
stay was 26 days.

Study Limitations

The fact that NBT and early conventional flap coverage
were not compared and a relatively small number of cases
for such an in homogenous group were the limitations of
this study.

Conclusion

With the use of NPT using simpler methods, particularly
skin grafts, in the treatment of acute extremity wounds
due to high-energy trauma, it has been possible to close
defects without the need for free flaps. Thus, the patients
are protected from the complications of free tissue
transfer, and also treatment is possible at much lower cost.
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