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ABSTRACT

Introduction: The standard treatment for lower extremity burns with exposed bone is vascu-
larized tissue transfer; however, this option is often unavailable or is technically difficult. The
dermal regeneration template, a bioengineered skin substitute, is a remarkable alternative
to the traditional reconstructive choices. Case Report: This report describes two cases of
burns involving the lower extremities of patients admitted to the Sdo José Hospital Burns
Unit between January 2007 and December 2008 that were treated with dermal regeneration
templates. Both patients had bilateral deep burn injuries with exposed bone affecting the
anterior surface of the lower legs and were treated with tangential excision of the burn eschar
and dermal regeneration template placement. Four weeks later, after the template engraft-
ment, the thin outer layer of silicone was removed and epidermal coverage was restored
with a split thin skin graft. Stable wound coverage was achieved and no further surgical
procedures were required to maintain wound closure. Conclusion: The use of the dermal
replacement template expands the reconstructive options for complex burn (and nonburn)
wounds, prevents the need for prolonged staged procedures, allows successful coverage of
vital structures without the use of a flap and, particularly, ensures extremity preservation.
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RESUMO

Introducio: As solucdes reconstrutivas das queimaduras dos membros inferiores com ex-
posigdo Ossea (transferéncia de tecidos vascularizados) e dos defeitos do escalpe, ndo sus-
ceptiveis de encerramento com retalhos locais (expansdo tecidual), sdo complexas, mo-
rosas e, por vezes, inviaveis. O recurso a substitutos cutdneos bioldgicos, como a matriz
de regeneragdo dérmica, constitui uma importante alternativa as solugdes reconstrutivas
tradicionais. Relato dos casos: Estudo retrospectivo de 246 doentes com queimaduras dos
membros inferiores, admitidos na Unidade de Queimados/Servico de Cirurgia Plastica do
nosso Centro Hospitalar, entre janeiro de 2007 e dezembro de 2008. Os autores apresentam
2 casos clinicos com queimaduras bilaterais das pernas e com exposi¢do dssea. Nos dois
casos, realizou-se desbridamento tangencial e encerramento das areas cruentas com um
substituto cutaneo, a matriz de regeneracdo dérmica. Na 4* semana apds a aplicacdo da
matriz, o componente externo da membrana bilaminar foi substituido por enxerto de pele
parcial. Obteve-se cobertura estavel das areas cruentas, sem necessidade de procedimentos
cirrgicos adicionais. Conclusdes: A utilizagdo de substitutos dérmicos expande as opgdes
reconstrutivas nos casos de queimaduras com exposi¢do 6ssea dos membros inferiores. A
utilizagdo da matriz biolégica permitiu a preservagdo dos membros nos dois pacientes. A
matriz de regeneragao dérmica possibilitou uma cobertura estavel de estruturas vitais, sem
necessidade de transferéncia ou expansao tecidual e com morbilidade minima.
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INTRODUCTION

Treatment of extensive and deep burns of the lower ex-
tremities, especially in critical regions such as the anterior
leg, remains a major challenge for the plastic surgeon'?. The
amputation risk of an extremity after a burn injury increa-
ses from 1.5% to 18-40% in the case of circumferential or
fourth-degree burns®*. Deep burns in the leg that result in
exposed bone and tendon are not eligible for coverage with
a skin graft and require multiphase and complex therapeutic
strategies involving different levels of pyramid reconstruc-
tion. The use of several muscular’ and myocutaneous flaps
(sometimes neurovascular)® has been described with varying
degrees of success. Reconstructions with free and pedicled
flaps usually involve highly complex technical procedures,
with considerable failure rates (12%) and the risk of amputa-
tion (18%)>7, which are related to the patient’s condition
(instability, hemodynamic imbalance), the small percentage
of surrounding viable tissue, and rarity of receptor areas for
transfer.

Thedermalregenerationtemplate (Integra), abiosynthetic
dermal substitute created in 1981 by Burke and Yanas and
approved by the US Food and Drug Administration in 1996,
was initially developed for the treatment of burns (primary
coverage of third-degree burns after early debridement)®°.
Currently, it is widely used in various areas of reconstructive
surgery>$1% Tt comprises a bilaminar xenogeneic system: the
deeper plate, equivalent to the dermal layer, corresponds to
a template composed of bovine collagen and glycosamino-
glycans (chondroitin-6-sulfate) derived from shark cartilage,
and the epidermal component is represented by a thin silicone
layer designed to simulate the physiological skin barrier,
controlling water loss and preventing infection. The material,
which serves as a template for fibroblastic and endothelial cell
development and migration, becomes vascularized in 2-4
weeks while undergoing a concomitant remodeling process
that turns it into dermal tissue. In this phase, the silicone
layer is removed and safely replaced with a partial skin graft'.

Although the scientific literature largely supports the use
of this biosynthetic template in burned areas®', studies of
this dermal substitute in the treatment of severe burns with
exposed bone are lacking. Unlike skin grafts, which depend
on immediate inoculation and soaking to maintain viability,
the biosynthetic template is an acellular structure and therefore
does not require immediate vascularization. The neovasculari-
zation occurring in 2-4 weeks enables low-vascularized vital
structures (tendon, bone) to receive stable coverage without
the morbidity of a flap transfer.

Theaim ofthis paperisto presenttwo cases of severe burns
in the lower extremities with exposed bone and highlight the
effectiveness of the dermal regeneration template for stable
coverage of the defects with minimal associated morbidity.

CASE REPORT

The artificial skin substitute is composed of a porous
template of collagen and chondroitin-6-sulfate coated with a
thin layer of a polysiloxane polymer (silicone). Its architec-
ture provides ideal physicochemical conditions and humidity,
leading to dead space elimination, prevention of water loss,
control of bacterial invasion, while simultaneously ensuring
cell migration and vascular growth, which are responsible
for neoderm formation.

This report describes two cases of lower extremity burns
treated with dermal regeneration template application that
were selected from 246 cases at the Burns Treatment Unit of
the S@o José Hospital in Lisbon, Portugal, between January
2007 and December 2008. Both patients were male and pre-
sented with severe lower extremity burns of the anterior leg
with bone exposure and extensive tissue destruction (Figures
1 and 2).

The surgical procedure was identical in both cases. Ini-
tially, early debridement of the burned area and coverage of
the open area surrounding the exposed bone with a partial
skin graft were performed. The older patient, aged 84, had
an exposed anterior left knee joint, which was covered with
internal twin muscle flaps.

Given the impossibility of closure of the exposed bone
area by secondary intention, excisional debridement for ob-
taining bleeding edges and tangential ostectomy for necrotic
bone tissue removal were considered. Multiple point (holes)
ostectomies were performed in the anterior part of the tibias,
devoid of periosteum, in patient 1. Open area coverage was
performed with a dermal regeneration template cut according
to the wound dimensions and fixed to the edge of the open
arca with staples. A moderately compressive dressing of gauze
impregnated with paraffin and swabs soaked in saline was
applied. The dressing was changed every two days. Upon
verifying the neovascularization of the total dermal template
(between 21 and 28 days), the silicone layer was replaced
with a skin graft. After the first postgraft dressing (4 and 5
days), the wound was dressed with gauze impregnated with
paraffin and pads soaked in 0.9% saline every two days.

Both patients were surgically treated twice, first for
dermal regeneration template application to the unbridled
and poorly vascularized bed and then to restore epidermal
coverage through the silicone blade replacement with a
partial skin graft. In both cases, stable defect coverage was
ensured without the need for additional surgical procedures.
Both patients regained their ambulatory status and had no
complications, including infection.

Patient 1
An 84-year-old man was hospitalized after an accidental
fire-related burn (fall in the fireplace). The total burned body
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Figure 1 — Deep burns (third- and fourth-degree burns) in the
lower extremities with tibial exposure. Anterior left knee joint
coverage with internal twin muscle flaps and an autograft with
partial skin in the meshwork (mesh graft, 1:3) was performed.

Figure 2 — Deep burns (third- and fourth-degree burns) in the
lower extremities with tibial exposure. Open area coverage
with an autograft comprising partial skin in the meshwork

(mesh graft 1:3) was performed.

surface arca was approximately 20% and was limited to the
lower extremities. He mostly had deep second-degree burns
and 4% third- and fourth-degree burns involving the anterior
left knee joint and anterior surface of both legs. After early
debridement of the burned area, open area coverage of
the anterior left knee with internal twin muscle flaps and
the whole open area surrounding the exposed bone with
partial skin grafts was performed (Figures 1 and 2). The
exposed bone area was covered with a dermal regenera-
tion template after debridement, osteotomies (holes), and
tangential ostectomy (Figures 3 to 5). After the 28" day, the
dermal template was completely vascularized (Figure 6)
and the silicone layer was replaced with a thin partial skin
graft (mesh graft, 1:3). Good healing was noticed, with full
integration of the graft and stable coverage of the whole
open area (Figures 7 to 9).

Patient 2

A 64-year-old man was hospitalized after an accidental
fire-related burn (fire). The total burned body surface area
was approximately 59%, mostly comprising deep second-
and third-degree burns; the anterior surface of both legs had
about 3% third- and fourth-degree burns (Figure 10). After
excisional debridement of the burned area, bilateral exposure
of the anterior tibia was identified. Tangential ostectomy and
coverage of the area with a dermal regeneration template were
performed (Figures 11 and 12). The open areas surrounding
the exposed bone were closed with partial skin grafts. The
dermal substitute integration enabled defect coverage (Figure
13). On the 21* day, the dermal template was completely
vascularized (Figure 14) and the silicone layer was replaced
with a thin partial skin graft (mesh graft, 1:3; Figure 15).
Good healing was noticed, with full integration of the graft
and stable coverage of the whole open area (Figure 16).

DISCUSSION

Skin substitutes obtained from bioengineered tissues have
considerably increased the number of reconstructive options
in several areas such as traumatology, oncology, and chronic
wound treatment, particularly for patients with burns®'*. The
dermal regeneration template that has been used for nearly 30
years is proven to be of good quality and is widely used">*°.

The biosynthetic template is acellular and therefore “not
viable” when applied; however, it is subsequently incor-
porated and vascularized by the surrounding tissue!>?°.
Given the absence of living cells in the template, there are
no metabolic needs to fulfill, unlike in skin grafts, which
depend entirely on the vascularity of the bed to which they
are applied. On average, the biosynthetic template requires
21 days for vascularization; however, in greatly adverse
situations (deep burns with severe tissue destruction), the

Figure 3 — Devitalized tissue debridement and ostectomy
(tangential and perforating) of the anterior right tibia.
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Figure 4 — Dermal regeneration template for Figure 6 — Fourth-week postapplication appearance of the dermal
exposed bone closure and fixation with staples. regeneration template over the right and left tibias, when the
silicone layer was replaced with a thin partial skin autograft.

Figure 5 — Dressing with gauze impregnated with
paraffin and pads soaked in 0.9% saline.

process may be extended, without affecting the treatment
success and outcome?’. Figure 7 — Second week after the application of a

The treatment of severe burns in the lower extremities thin partial skin autograft on the dermal regeneration template.
with exposed bone invariably poses various problems in addi-
tion to the potential threat of amputation. In these cases, the
skin graft does not resolve the open area coverage problem,
because the wound bed (open area with exposed bone) does
not ensure the necessary vascularization of the graft. Vascu-
larized tissue transfer has revolutionized the treatment of
these complex cases?!??; once bound to the transposed tissue,
an entire vascular network is obtained, which is extremely
important for healing. Whenever possible, this is the recom-
mended reconstructive option. However, not all patients are
candidates for transfer of vascularized tissues: patients with
unstable hemodynamic changes secondary to severe trauma
or burns, patients with extensive tissue injuries that make

i A X X ) Figure 8 — Appearance of the right leg one month after the
local tissue mobilization impossible, and those without application of a thin partial skin autograft. The defect

receptor areas capable of support flap transfer. Jeng et al.? coverage ensures extremity preservation.
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Figure 9 — Appearance of the lefi leg one month after the
application of a thin partial skin autograft. The defect
coverage ensures extremity preservation.

Figure 10 — Deep burns (fourth-degree burns) in the lower
extremities with tibial exposure. The open area periphery
was covered with a partial skin meshwork autograft
(mesh graft, 1:3).

Figure 11 — One week after tangential debridement and
application of a dermal regeneration template on the left tibia.

showed a significant reduction in the amputation rate (31.5%
in the control group vs. 5.7% in the study group) by using the
dermal regeneration template for severe and deep burns. In
this context, for more complex cases, the dermal regeneration
template should be an effective and safe alternative, allowing
defect closure without the risk of tissue loss due to necrosis.

Application of this dermal substitute requires a clean
receptor bed, free of devitalized or necrotic tissue; a second
surgery for the silicone-layer replacement with a skin graft;
and dressing and monitoring by qualified personnel. The

Figure 12 — Three weeks after the application of a
dermal regeneration template on the left leg.

Figure 13 — Three weeks after the application of a
dermal regeneration template on the left leg. The dermal
substitute integration enables defect coverage.

lengthy process prolongs patient recovery, compared with the
use of autologous tissues (flaps), which emphasizes its status
as “salvage therapy” and justifies its use in special cases,
such as outcome refractory to the treatment or high risk of
extremity loss. Further, the dermal regeneration template is
very expensive, and therefore it is not widely used.

Lee et al.! described an algorithm for using the dermal
regeneration template in the treatment of burn patients.
According to the authors, one of the following 4 criteria
should be met: extensive burns with lack of viable skin to
ensure burned area coverage with a 2:1 meshwork graft;
extensive burns in children and lack of sufficient skin to
ensure adequate open area coverage with skin grafts (given
the greater importance of functional and esthetic recovery);
deep burns on the face without the possibility to cover the
burned area with full-thickness grafts; and exposure of impor-
tant structures (tendon, bone, nerve) unsuited for graft-based
coverage. The Department of Plastic and Reconstructive
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Figure 14 — Three weeks after the application of a dermal regeneration template. The presence of a well-vascularized neoderm is verified,
which is capable of withstanding a thin partial skin autograft.

Figure 15 — Three weeks afier the application of a dermal regeneration template. The silicone layer is replaced with
a thin partial skin autografft.

Figure 16 — Twwo weeks after the application of a thin partial skin
autograft. The defect coverage ensures extremity preservation.

Surgery of the Sdo José Hospital has no algorithm for using
the dermal regeneration template and recently began therapy
with the template; however, the case studies presented here
confirm and reinforce the information previously considered
by Lee et al.'.

CONCLUSION

The dermal regeneration template is assumed to be an
effective and safe alternative for treating severe, deep burns

in the lower extremities with exposed bone without the need
for reconstructive autologous alternatives and amputation
risk. This dermal substitute enables stable defect coverage
of variable dimensions and is readily available. It causes
minimal morbidity of the donor area and ensures a satisfac-
tory aesthetic result.
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