
Introduction
Treatment of high-energy trauma of the lower limb with 
associated soft tissue and bone injuries remains a challenging 
entity for clinicians. The management of these complex 
injuries has evolved over the last decade and many limbs have 
been saved where in the past they would have been amputated. 
Extremity salvage is a lengthy process, and patients may have 
to undergo multiple procedures such as: vascular anastomosis, 
fixation of fractures, wound debridement and reconstruction 
of soft tissue defects immediately or at a later stage. Good 
functional outcome for this type of injury is the result of the 
combined effort of orthopaedic, vascular and plastic surgeons, 
together with a multidisciplinary team involving mainly 
wound care practitioners, physiotherapists, and occupational 
therapists.

While fractures can be usually addressed by standard 
techniques such as external fixation, intramedullary nailing, 
and/or internal plating, complex fractures may need bone 
grafting (vascularized or non-vascularized), Ilizarov bone 
lengthening, or artificial bone matrix.1

Soft tissue coverage of lower limb wounds may include 
one or the association of some available reconstructive 
techniques, depending on the location, depth and extent of the 
wound. In smaller wounds without bone exposure, healing by 
secondary intention may be considered; this requires multiple 
dressing changes and a variable period of time before closure 
is achieved. Wounds not healed within three to four weeks 
should be grafted, provided they have vascularized wound 
bed.2 Split thickness skin grafts must not be used in wounds 
with exposed bone without periosteum, exposed tendon 
without paratenon, and exposed vessels or nerves.2

Flap selection for wound coverage of lower limb injuries 
is based on the location of the injury, availability of local 
tissues and donor-site morbidity. The leg should be divided 
topographically into thirds:2 
1) for proximal third injuries, defects are often addressed 
using local muscle flaps associated with skin grafting; the flap 
most frequently used is the Gastrocnemius muscle; 
2) For middle third defects the Soleus muscle is often used as 
a local flap; 
3) Distal third defects are difficult to treat, and muscle flaps 
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are often unreliable; although microvascular free flaps are 
mostly required in these patients, the Sural fasciocutaneous 
flap has proven to be an effective alternative.2 
The main challenge using local flaps is the fact that they are 
usually involved in the zone of injury, may have associated 
crush injury and be damaged, thus they may not be available 
for local transfer. Microvascular free flaps have some 
disadvantages particularly in centres with limited resources, 
such as: need for specialized equipment and a trained team, 
lengthy theatre time and the need for good vascularity of 
blood vessels at the recipient site.3

The objective of this report is to present a case of a complex 
traumatic wound managed with a dermal replacement template 
(DRT) followed by skin grafting and vacuum-assisted dressing 
therapy.

Case Report  
A nine-year-old boy was involved in a high velocity 
pedestrian vehicle accident (PVA) and was admitted to 
Kimberley Hospital Complex (KHC), a tertiary hospital 
situated in the Northern Cape Province (NCP), South 
Africa (SA). He sustained a degloving injury to the right 
lower extremity with extensive tissue loss measuring  25 
x 15 cm with areas of exposed tibia (Figure 1), associated 
with an underlying distal tibia fracture (Figure 2). The 
child had no other concomitant injuries or other illnesses. 
He was admitted on 05/09/2014 and underwent surgery on 
the same day for washout and debridement of the wound, 
approximation of wound edges, using dermatotration and 
a “shoe lace” technique, with rubber band secured in place 
by surgical clips positioned closer to the wound edges4,5 
and placement of external fixation (Figure 3). The wound 
was covered with silver-releasing dressing (Acticoat® - 
Smith and Nephew) and a “homemade” negative pressure 
wound therapy (NPWT) applied with wall suction.6,7,8 After 
four days from the initial surgical procedure, the child was 
taken to surgery for wound inspection, washout and further 
debridement of devitalized tissue. NPWT was used applying 
silver-releasing dressing (Acticoat®) to the wound bed. 

On 12/09/2014, after assurance of a clean and viable wound 
bed, a dermal template (Integra® - Baroque Medical) manually 
meshed (with scalpel) was applied covering most of the 
wounds, including over two areas of exposed tibia, measuring 
around 3 x 1.5 cm. The dermal template was placed over the 
open distal tibia fracture. Split skin grafts (SSG) were applied 
onto the wounds distally to the dermal template, where 
granulation tissue was already developing, and silver-based 
dressings plus NPWT covered both grafts and DRT. 

The dermal template and the distal grafts showed good 
uptake, and localised collections were drained with sterile 
needles during dressing changes in the ward, which took 
place every third day. The top silicone layer of the template 
was surgically removed on 7/10/2014 (day 21st post 
application), followed by immediate coverage with meshed 
SSG (1.5:1). Figure 4 depicts the aspect of the dermal matrix 
before removal of the top silicone layer. Silver-releasing 

Figure 1. Initial aspect of the 25x 15cm wound with exposed 
tibia (5/9/2014)

Figure 2. Radiologic aspect of the wound demonstrating the 
fracture in the distal part of the tibia (5/9/2014)
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dressings combined with NPWT were used in the following 
postoperative days. Dressings were changed in the ward 
every five days, reapplying the NPWT, until the inspection 
showed good uptake of skin grafts. 
The child was discharged from the ward on 27/10/2015 for 
follow up dressings at a local clinic and follow up visits at 
the Kimberley Hospital Surgical and Orthopaedics Outpatient 
Clinics, and at the Physiotherapy Department. The final 
follow up visit was five months after the injury, when good 
functional and cosmetic result could be verified (Figure 5).

Discussion
Reconstruction of complex soft tissue defects secondary 
to trauma presents a surgical challenge. The standard 
reconstructive ladder is applied to these patients; however, 
every step of the ladder has its own sets of problems. To this 
particular wound, local fasciocutaneous flaps were not an option 
due to the size of the defect, and rotational muscle flaps or large 
fasciocutaneous flaps would lead to donor site morbidity and 
contour abnormality which would be difficult to be addressed. 
Although the use of free tissue transfers has revolutionized 
the approach to oncological and trauma surgery, microsurgical 
technique is time consuming even in the most experienced 
hands. A recipient vessel may be difficult to identify in a patient 
with trauma-related injury and previous surgical debridements.3 
With those challenges in mind in our setting, a tertiary hospital 
with limited resources, we sought a new approach to the 
management of this complicated defect.   

The “shoe-lace” technique used for this case (Figure 3) is 
popular amongst orthopaedic surgeons. It was initially created 
for the attempted primary closure of fasciotomy wounds. It is 
also sometimes referred to as dermatotraction and relies on the 
inherent laxity of skin and the fact that often with fasciotomy 
wounds, there is no tissue loss. While there are many 
specialised and costly devices to assist with dermatotraction, 
the basic principles can also be carried out with simple 

Figure 4. Aspect of the wound a few days after placement of 
the DRT, before final skin grafting

Figure 5. Aspect of wound on final follow up visit 
(February 2015)

Figure 3. Aspect of the wound after first debridement/wash 
out and placement of rubber bands plus external fixation of 
tibia fracture (5/9/2014).
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materials found in many hospitals, such as rubber bands, 
urinary catheters and skin staples. For fasciotomy wounds, 
the results of dermatotraction are thought to be superior to 
conventional methods of closure of fasciotomy wounds, 
such as split thickness skin grafts. The skin used for closure 
is sensate, often cosmetically more acceptable and does not 
result in donor site morbidity.4,5 As with the case in this report, 
this technique might not be able to primarily close a large 
wound, but it has proved of value in reducing the size of the 
defect, which assists in further management of the wound.

Integra® is a bi-layer system consisting of a dermal 
replacement matrix which has emerged as an adjunctive 
therapy to enhance healing of wounds. The dermal layer 
is an acellular matrix of bovine tendon collagen and 
glycosaminoglycan which serves as a template for the 
generation of a neodermis. The upper layer is a temporary 
epidermal substitute made of silicone.9 During neodermis 
formation, the top silicone layer avoids moisture loss from 
the wound and reduces shearing forces on the regenerating 
dermis; this layer is removed once the neodermis has fully 
developed. A thin epidermal autograft (SSG) is then applied 
over the neodermis. In clinical trials the dermal regeneration 
template has demonstrated excellent take and satisfactory 
aesthetics.10 Its efficacy has been proven in the closure of 
burn wounds, defects secondary to fasciitis, closure of chronic 
wounds, skin cancer excision sites, skin reconstruction 
(controlling keloid formation, correcting contractions) and 
degloving injuries.11,12,13,14

A few studies have demonstrated the successful grafting 
of a dermal regeneration template onto bone, supporting our 
decision for the use of this method.12,15,16,17,18 Engraftment 
onto bone is often clinically challenging due to the lack 
of vascularity and risk of infection.8 The DRT, unlike the 
skin, is acellular and therefore does not require immediate 
revascularization for successful incorporation into poorly 
vascularized tissues such as bare bone.13,15,16,17,18 Applied 
to acute wounds, Integra® controls inflammation and 
physiological reactions to injury, protects the wound and 
preserves tissue; it minimizes symptoms and nursing 
requirements, and fosters a rapid return to activity and 
rehabilitation.13 Creative use of this material has resulted in 
unexpected success with distal limb salvage allowing this 
technique to take its place along with adjacent tissue transfer, 
composite flaps and vascular pedicle flaps.9,13

While the literature on the use of DRT over exposed bone 
is rather extensive, there are relatively few reports of the use 
of DRT over open or healing fracture sites. One such example 
reports the successful use of a DRT over the open fractures 
and the exposed tendons of the foot; the DRT used in this 
reported case was PELNAC (Gunze Ltd., Kyoto, Japan), 
which is similar to Integra® in that it consists of a bilayer, 
with silicone as the top layer and a collagen matrix as the 
bottom layer, which provides the scaffold for the neodermis 
to regenerate.19 However the collagen layer of PELNAC is 
porcine based (derived from pig tendon) compared to the 
bovine-based collagen layer of Integra®. The case reported in 
this article serves as a further example of the successful use of 

a DRT over a healing fracture, demonstrating that regeneration 
of a neodermis over a fracture site is possible and will allow 
further successful skin grafting.

The integral role of NPWT in the management of complex 
wounds, such as the one presented in this case report, has 
been thoroughly described, with many known and perceived 
benefits. The mechanisms by which NPWT, using a foam 
interface, bring about these benefits are by creating 
1) small micro-deformations on the wound surface, 
2) macro-deformations, 
3) removal of excess fluid and 
4) optimisation of wound environment.20

The micro-deformations caused by NPWT stretch and 
draw out cells into the foam, thereby initiating intracellular 
pathways which promote cellular division and angiogenesis. 
However, the foam-wound interface is not present when a 
DRT is in place, as the silicone layer is in contact with the 
foam of the NPWT, therefore this mechanism might have 
a slightly diminished effect. Yet, some in vitro studies have 
shown that there is some increase in endothelial cell migration 
and mitosis into the DRT matrix; other in vivo studies have 
given conflicting evidence that NPWT does not accelerate 
neovascularisation.20,21,22 

The macro-deformations involve the visible contraction 
of the wound edges as the negative pressure is applied to 
the dressing. Seromas, oedema and haematomas are often 
hindrances to optimal wound healing and skin graft survival; 
NPWT greatly reduces these obstacles by continually 
removing excess fluid from the wound bed and environment. 
This excess fluid often also contains toxins and bacteria which 
would otherwise have interfered with wound healing. Often 
when a DRT is placed, small cuts are purposefully made 
in the top silicone layer; this has a few functions, but will 
also assist in the removal of fluid if the wound is to receive 
NPWT. The wound environment is optimised by enhanced 
thermoregulation, provided by the foam and semi-occlusive 
dressing and by modulation of the inflammatory process at 
the wound bed. This is achieved through constant removal of 
inflammatory mediators and leukocytes.20 

The common reasons for skin graft failure are: 
1) poor wound bed preparation, 
2) haematomas and seromas, 
3) infections and 
4) movement at the wound bed. 

There is good evidence for the use of NPWT both before 
and after a complex wound is definitely closed as it greatly 
reduced the burden of these factors. NPWT has an important 
and beneficial role in preparing a wound for either the 
placement of a DRT or a skin graft. The use of NPWT also has 
many advantages after the wound has been addressed with a 
DRT or skin graft.23,24

Apart from the benefits of NPWT at the wound bed, NPWT 
has the additional, and welcomed benefits of splinting the 
wound and reducing mechanical shearing forces. As negative 
pressure is applied to the dressing, the foam becomes rather 
firm and inflexible, which slightly decreases mobility in the 
area. The negative pressure also allows for the rigid DRT to 
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better conform to defects, especially those that are concave 
and circumferential.25 These factors play an important role 
in the integration of the dermal template and the survival of 
subsequent skin grafts.24

It has also been demonstrated that wounds managed with 
the combination of NPWT and DRT have resulted in greater 
elasticity of scars and a closer to natural skin pigment on the 
grafted sites.23,24,26

Often a barrier to NPWT, especially in resource limited 
settings, is the high cost of formal NPWT systems. For this 
case we used a “homemade” NPWT system, which consisted 
of a sterile foam, which was cut to conform to the shape of 
the defect, tubing, which was often a large bore feeding tube, 
with multiple holes in the tip or simple suction tubing, and an 
adhesive plastic dressing which covered the tubing and foam, 
as well as adhering past the borders of the wound to create an 
airtight seal. The tubing was then connected to a wall suction 
and subatmospheric pressures were applied to the wound. 
These homemade systems proved to be an efficient and cost-
effective alternative to formal NPWT devices and systems.6,7,8

The ideal treatment for a particular patient should be tailored 
around the patient’s needs. In complex wounds, the goal 
should include coverage and protection of exposed tendons 
and bones, filling in deep soft tissue defects and preservation of 
function.14 To reach this goal, a range of adjunctive treatment 
modalities have been available including cultured epidermal 
autografts, myocutaneous flaps and neuromuscular pedicle 
muscle flaps. These modalities have shown varied degrees 
of success. Because of those results, the use of synthetic 
“scaffolds” allows for native tissue regeneration and continues 
to be an attractive alternative.14 Despite the necessity for a 
two stage procedure, matrix templates offer many advantages, 
inclusive immediate availability, ability to cover large defects, 
minimal donor site morbidity, good cosmetic results with 
optimal contouring, and reduced scarring and hypertrophy.13

Although the hospital stay of the patient (52 days in total) 
in this report may not be used to draw conclusions about the 
associated costs or to compare with the estimated average of 
stay for more complex procedures and their complications, it 
showed to be adequate if we consider our limited resources in 
terms of equipment, staff and theatre availability.

Conclusion 
On the basis of this clinical case, the use of dermal matrix 
(DRT) for the treatment of complex traumatic wound resulted 
in good cosmetic and functional results and less donor-site 
morbidity. Thus, DRT is a viable alternative and should be 
considered in patients with large complex traumatic wounds 
of the lower limbs in settings with limited resources.
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