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The purpose of this manuscript is to document results 
and complications of use of a regenerative dermal 
matrix skin substitute for coverage of extremity 
wounds. A retrospective review at 3 institutions iden-
tified 28 patients and 34 wounds who had undergone 
use of this material (Integra). Complications included 
failure in two patients (4 wounds). However, overall 
“take” of the regenerative matrix was 86.1%. In most 
cases, a split thickness skin graft was applied on 
average at 25 days following the initial procedure. 
Failures were associated with infection and irradia-
tion of the surgical field. In this series, use of the 
dermal regenerative matrix was associated with a 
high rate of success for wound coverage, obviating the 
need for flap coverage or prolonged dressing changes 
in most cases. Further series are likely to refine the 
known indications and contraindications to use of this 
method.

Keywords : Integra ; skin substitute ; wound coverage ; 
dermal matrix graft.

INTRODUCTION

Soft tissue coverage can be challenging, particu-
larly in the setting of musculoskeletal surgery. Skin 
grafting may not be appropriate for all soft tissue 
beds, and is not possible directly over tendons, neu-
rovascular structures, or bone. Previously these 
wounds had limited reconstructive options, and 
often surgeons relied upon rotational or pedicled 

flaps or microvascular free tissue transfer. However, 
such solutions are subject to tissue availability, 
donor site morbidity and require sometimes complex 
surgical and microsurgical procedures further in-
creasing the morbidity of surgery. Such reconstruc-
tive options may require flap monitoring for viabil-
ity and or immobilization. In addition, failures may 
leave limited options (7,11,18).

Recently, an acellular dermal regenerative matrix 
material (Integra, Integra Life Sciences, Plainsboro, 
NJ) has been developed to provide a substrate for 
wound coverage. This material provides a dermal 
substrate consisting of denatured bovine collagen 
and shark chondroitin sulfate. It is available as 
either a monolayer construct or as a bilayer con-
struct with a silastic outer portion The material and 
biological properties are altered by cross-linking 
methods and density, pore size, and chondroitin 
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6-sulfate content. The silastic portion consists of 
0.1 mm thick medical grade silastic, which is de-
signed to control fluid egress to simulate the func-
tion of epidermis (5,16). It has previously been used 
for reconstruction of soft tissue wounds, particular-
ly in the setting of burns, with satisfactory re-
sults (6,12,16,20). Early clinical results have been ac-
ceptable, and it has been used in a variety of chal-
lenging clinical settings, including exposed bone, 
irradiated tissue fields, and deep soft tissue de-
fects (1,3,4,8,10,14,15,17,20,21). However, few large 
studies exist evaluating the use of this material in a 
clinical orthopedic setting. The purpose of our study 
is to provide a retrospective review of patients treat-
ed with this clinical material for purposes of ex-
tremity wound coverage in orthopedic practices at 
three institutions. The material was used in settings 
where simple primary closure or immediate skin 
grafting was not possible and free or pedicled tissue 
transfer would be another option for coverage.

MATERIALS AND METHODS

Following appropriate Institutional Board Review 
approval obtained at the three institutions involved in this 
study, (The Mayo Clinic, The University of Minnesota, 
and UMDNJ-New Jersey Medical School), the authors 
performed a retrospective review of patients who had 
undergone application of Integra for indications of soft 
tissue coverage. All patients from 2006 to 2012 were in-
cluded in the series. Information from the medical re-
cords was extracted including patient demographics (age, 
gender, co-morbidities which might affect healing in-
cluding diabetes mellitus, peripheral neuropathy, vascu-
lar disease, current smoking status), site and characteris-
tics of wounds, information regarding index, prior and 
subsequent procedures, complications, and patient-relat-
ed outcomes. Failures, including cause and complica-
tions, were specifically investigated. The data was shared 
among sites in a de-identified data set in concordance 
with the Institutional Review Board protocols of each 
site. 

Surgical techniques

The surgical techniques and indications for applica-
tion of this material have been described previously (16). 
In general, the surgical field is prepared and any non
viable tissue is debrided (Fig. 1). Any active infection or 

contamination is cleared prior to use (8,9). The bilayer 
dermal substitute is provided in an unmeshed or meshed 
version ; application is similar. It is applied to the wound, 
cut to appropriate size, and sutured into place with nylon 
suture, ensuring that it does not overlap intact skin and 
that there is no excess or wrinkling of the graft (Fig. 2). If 
the unmeshed material is used, it may be meshed prior to 
application or “pie-crusted” with a number 15 blade 
following application. A bulky soft dressing or bolster is 
applied ; a negative pressure vacuum assisted closure de-
vice is an alternative. 

Fig. 1. — The wound is prepared and debrided of any non
viable tissue ; need for additional soft tissue coverage is 
assessed.

Fig. 2. — After preparation of the wound, the defect is measured 
and the appropriate sized dermal matrix template cut to size and 
sutured to the wound.
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Rehabilitation and monitoring of the wound is similar 
to other methods of wound coverage and proceeds in the 
usual fashion. Typically, the color of the wound bed and 
matrix is monitored. Inosculation and neovascularization 
has been reported to begin as soon as 24 hours post ap-
plication, particularly in association with use of negative 
pressure devices (2,13). Usually, the matrix has good 
“take” and the wound is ready for a second stage skin 
graft between 2-4 weeks ; this is marked by the change in 
color of the wound bed to a yellowish-pink hue (8,16,19) 
(Fig. 3). At this point, the silastic layer may be peeled off 
and a full or partial thickness skin graft applied (Fig. 4). 
Alternatively, small defects may be allowed to granulate 
in over time. Wounds are followed until completion of 
healing (Fig. 5). Choice of use of bilayer or monolayer, 
meshed or unmeshed Integra, and timing (if any) of sub-
sequent skin grafting was based upon the discretion of 
the treating surgeon.

RESULTS

Twenty-eight patients with 34 wounds under-
went application of this material as either a bilayer 
(n = 11), monolayer (n = 22) or combination (n = 1) 
for purposes of wound coverage (Table I). There 
were 21 male and 7 female patients ; average age 
was 49.5 years (range : 14-85 years). Patients were 
followed to completion of wound healing in all cas-
es, and follow-up averaged 9.9 months. In two pa-
tients (3 wounds), the indication was for post infec-
tion soft tissue loss following resolution of the 
infection ; in one patient and one wound, for soft 
tissue loss associated with chemotherapeutic ex-
travasation, one patient/wound for scleroderma and 
exposed PIP joint ; in 23 wounds for traumatic indi-
cations, and in six patients/cases for reconstruction 
following excision of a malignancy. Of these pa-
tients, a second stage procedure was performed in 
26 cases, at an average time point of 25 days follow-
ing the initial procedure. The second stage proce-
dure was a thin full-thickness skin graft in two 
cases, a split thickness skin graft in 24 cases, and the 
wound was allowed to granulate in or heal by sec-
ondary intent in four cases ; while the two patients 
(4 wounds) with failures had healing with dressing 
changes and negative pressure vacuum assisted 
wound closure (n = 1) or additional procedures. The 
overall complication rate was 21% ; with a major 
complication (failure) rate of 6.9% (2 patients) and 
a minor complication rate of 13.8%. 

Fig. 4. — A skin graft (either full thickness or partial thickness) 
may be applied ; alternatively, small wounds may be allowed to 
granulate in and heal by secondary intent. In this case, a thin 
full thickness graft was obtained from the upper arm and will be 
applied as a skin graft.

Fig. 3. — The color change to a salmon hue is indicative of the 
neovascularization and readiness for removal of the silastic 
template and skin grafting. a : same patient as in figures 1 &2 ; 
b : in an elderly man following excision of a large squamous 
cell carcinoma leaving exposed tendon.

a

b
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in this series, failure was noted in 4 wounds (2 pa-
tients). These failures were associated with infec-
tion and smoking history in 3 wounds (1 patient) 
who was later successfully treated with a combina-
tion of soft tissue coverage techniques including use 
of the dermal matrix substitute ; and with use of ra-
diation therapy in another patient. We did, however, 
have a second patient who underwent radiation 
therapy at the site of the wound who healed without 
complications. In our series, a high number of pa-
tients had satisfactory healing. 

Limitations of our series relate to the small num-
ber of patients with failures. The low number of 
failures make it difficult to draw conclusions from 
these outcomes, however, based upon our experi-
ences and review of the literature, failures are asso-
ciated with infection (8,9) and in one case in our se-
ries, with use of radiation therapy at the site. It is 
also possible that unknown or unrecognized sensi-
tivities to the components of the dermal matrix sub-
stitute (bovine or shark materials) might be associ-
ated with failures, although one of the two patients 
who failed initially was later treated successfully 
with the dermal matrix substitute. Patients with ex-
posed bone/muscle/tendon were treated successful-
ly in this series. Each of the patients in this series 
might have been a candidate for flap coverage ; 
however, this technique resulted in successful treat-
ment of the wound deficit in most cases without 
donor site morbidity. This technique is particularly 

Major complications included one patient who 
was a smoker (3 sites) with infection and failure of 
his dermal matrix bilayer following his thermal 
burn and crush injury from a meat packing plant in-
jury ; he eventually underwent rotational and free 
flaps with adjuvant use of dermal matrix bilayers, 
which resulted in full coverage and take. Another 
patient had failure of take and development of 
severe pain, drainage and soft tissue swelling in one 
patient with brachytherapy to the site due to primary 
malignancy. Minor complications included the fol-
lowing : an 83-year-old man with diabetes mellitus 
had partial failure of take (85% take) ; one patient 
had delayed healing of the wound over the tibia 
following application of three monolayers and a 
bilayer after excision of an osteochondroma ; 
another patient had a venous bleed under the dermal 
substitute related to his underlying trauma and 
digital revascularization. 

Because of the small number of complications 
and failures in the series, we were unable to identify 
statistically significant predictors of failure. 

DISCUSSION

In this manuscript, we describe use of a dermal 
matrix substitute for use in soft tissue coverage. A 
high healing rate was noted in this series, with an 
86% “take” of the Integra, which is concordant with 
that seen in other series (8,17,19). Of the 34 wounds 

ba

Fig. 5. — The wound is followed until complete healing ; a : Same patient as in figure 3b and 4 at 15 days following thin full thickness 
skin grafting ; b : and at 59 days following skin grafting.
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9.	Heitland A, Piatkowski A, Noah EM, Pallua N. Update 
on the use of collagen/glycosaminoglycate skin substitute-
six years of experiences with artificial skin in 15 German 
burn centers. Burns 2004 ; 30 : 471-475.

10.	Lee LF, Porch JV, Spenler W, Garner WL. Integra in 
lower extremity reconstruction after burn injury. Plastic 
and reconstructive surgery 2008 ; 121 : 1256-1262.

11.	Levin LS. Principles of definitive soft tissue coverage with 
flaps. Journal of orthopaedic trauma 2008 ; 22 : S161-166.

12.	Moiemen N, Yarrow J, Hodgson E, Constantinides J, 
Chipp E, Oakley H et al. Long-term clinical and 
histological analysis of Integra dermal regeneration tem-
plate. Plastic and reconstructive surgery 2011 ; 127 : 1149-
1154.

13.	Moiemen NS, Yarrow J, Kamel D, Kearns D, 
Mendonca D. Topical negative pressure therapy : does it 
accelerate neovascularisation within the dermal regenera-
tion template, Integra ? A prospective histological in vivo 
study. Burns 2010 ; 36 : 764-768.

14.	Moore C, Lee S, Hart A, Watson S. Use of Integra to re-
surface a latissimus dorsi free flap. Br J Plast Surg 2003 ; 
56 : 66-69.

15.	Rashid OM, Nagahashi M, Takabe K. Management of 
massive soft tissue defects : The use of INTEGRA(R) arti-
ficial skin after necrotizing soft tissue infection of the chest. 
J Thorac Dis 2012 ; 4 : 331-335.

16.	Rizzo M. The use of Integra in hand and upper extremity 
surgery. The Journal of hand surgery 2012 ; 37 : 583- 
586.

useful in tumor excisions, particularly those in 
which adequate margins need to be assessed by per-
manent section. A first stage resection and coverage 
can be achieved ; margins assessed by permanent 
pathology, and if needed, additional margins resect-
ed at a second date, which typically corresponds to 
application of a skin graft. 

Further large and well-designed prospective se-
ries are likely to help determine the limitation and 
utility of this technique and substance for coverage 
of challenging wounds. 

CONCLUSIONS

Use of a dermal substitute matrix resulted in a 
high rate of healing of wounds in this series. Further 
large and well-designed prospective series are like-
ly to help determine the limitation and utility of this 
technique and substance for coverage of challeng-
ing wounds.
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