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ORIGINAL STUDY

Outcomes following extremity wound coverage with an acellular skin substitute
(Integra) : a multi-center study

Julie E. Apawms, John T. Capro, Marco Rizzo

From University of Minnesota, New York University-Langone, Mayo Clinic, Rochester

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

No benefits or funds were received in support of this study.

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 UMDNIJ-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 (/6).

In general, the surgical field is prepared and any non-
viable tissue is debrided (Fig. 1). Any active infection or
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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.

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.
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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.

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,/3). 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 (8,76,19)
(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.

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.

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%.
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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.

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
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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



297

ACELLULAR SKIN SUBSTITUTE

3518 1 001 ou quou uopuo) 88X G BuInen puey wnsiop w 43 91
Juoyul AIEPUOIIS 0 001 ou quou Quoq ‘uopud} GX [ BuInen puey/quiny) w GS ST
eI3oyur anyrey rented +
(AdVIEHLAHOVIE) AderoyAyoeiq pue
DSLS 1s0d oeureip TIM d/s suorsroxa
DSIS I 01 pue ured 910498 ILdX uopuo) 9x§ ewopioyoered puey w i Il
DSIS I 001 ou quou qrosnuu [MEZY] BuInen 391 1omo][ w L€ €1
DSIS I 001 ou quou uopuo) X GCT BuInesn 105ury Suo] w %% i
DSIS I 001 ou quou uopuo) LXGST BuInen I08u1y XopuI w 5% 41
[9sS9A
DSLS I 001 ou uou ‘OAIAU ‘UOPUR) 9X§ BuInen JSLIM IB[OA J Al T
[ossoA
DS.LS I 001 ou Quou ‘QAIAU ‘UOPU) T X¥ rumnen puey wnsiop J 1 Il
UOIBSBARIIX
DSLS 1 001 ou owaYd uopuo) px¢ Adexayiowaydo puey [esiop w €L ol
owdyd (ewoydwA|
JuAuUI AIRpu0d9s 0 001 ou JewoydwA| uopuo} TX¢ Oqns) Town) puey Ieu[n-[esiop w 0L 6
UONONIISUOIAI UOPUD)
pUE JE[NOSBAOINOU
S[OSSOA £0X9 OpIA\ pue
DSLS I 001 ou LIX /oAU /UOPUS) yx¢ LYX dys ewoores (Te10A) qUINY 3} 09 8
DSLS I 001 ou uIpewnod QU0q/Uopuo) ex¢ (ysnio) ewnern puey [esiop w 6L L
(aamyoely
uado) xuepeyd
Juoyul AIBPUOIAS 0 001 ou quou QUOq/Uopuo) TXT (punom oxe) BWINEI) |  O[PPIW XIpul J oF 9
punom Surfeayuou 103ury
JuAUI AIRpu0dds 0 001 ou BULIOPOID[IS ol J1d GIXT JIUOIYD BULIOPOID[IS | Suo[ J[d [esIop J 1L S
oeA
/sd3ueyd
Surssaip 0 S8 ainrey rened WNa uopuo) $ X0 uonoJuI puey [esiop w €8 %
DSIS I 001 ou quou QuO0q/uUopuo) TXGST BuInen 103u1y [RWS w $S I
DSIS I 001 ou quou QuO0q/uUopuo) EXGT BuInen 108ury Xopur w $S I
DSLS I 001 ou Na 2uoq/uopus) Ix¢ DOS uonodesal quungy 3 L9 4
DSLS I 001 ou Wa uopuo) 9x 0T uonoayur 3sod WLIBAIOJ JB[OA w 8P I
WLIBAI0J
IR[OA/JSLIM
DSLS ! 001 ou Na uopus} 1 %X 0I uonoajur ysod /puey wnsop u 87 I
saanpadoad
(s)anpadoad | jeuonIpPpVy #
[euonIppy # ey 9, uoneddwo) SaNIpIqIOwWo)) | Jnssy) pasodxy | (w) AZI§ 3dA) punopy uonedo| Ppudy) | AZy | Judned

S[1eIop punom juaned — [ dqeL

Acta Orthopeedica Belgica, Vol. 80 - 3 - 2014



J. E. ADAMS, J. T. CAPO, M. RIZZO

298

"JJRIS UDYS SSAUIIY) [[NJ = DS I ¢ WeIs urys ssauory jds = DS 1S ¢ Aderoy) uonerper = [YX ¢ uorsudadAy = NLH ¢ smI[[ouwl sajoqeip = N

OS.LA I 001 ou Juou uopuo) SXGCY [195 snowenbs puey [esiop w S8 8T
geExe

VIOHALNI
+dery

SNOAUBINOOIISL] Surpeay ung [euLay)
21y ¢ 0 JO Yor[ 29 UONOJJUT +Iayows uopua)/auoq TX6¢ ysnio/jesay/ewner) [[ews [esiop w €T LT
cexe

VIOHLNI+

deyy uonejox Sureay uwnq [euLay)

‘a1 yeador ¢ 0 JO SOB[ 29 UOTOAJUT +I9yOoWs uopua)/auoq SIX¢ [SNId/jeay/ewunen Surr [esiop w %4 1T
[R5

VIOHLNI

+deyy uonejor Surpeay wing [euay)

‘@7 1eadar ¢ 0 JO Yor[ 29 UONOJJUI +Iyows uopua}/auoq %€ ysnio/jeay/ewnern | 1oSutj Suof [esIop w €T LT
SIS 1 Gs ou uou uopua) Xt rBwINRL Io3uly SuLl Ie[oA J 8¢ 9T
DSLS 4 001 ou Quou uopud}/Quoq GI X8 rpWINRY WLIBAIO] Ieuln w St ST
DSLS 1 S6 P91q SNOUd A Quou uopua) PXG rwINRIY puey [esiop w (34 v

yeys
DSLS I 06 ou auou uopua)/ouoq Sx 0l joys ung-ewnen [BIPRI/UWLIRIO) w 62 €T
DSLS I 001 ou auou Josnuwi/Quoq 9XG¢ rpWINRIY rIQN) w €T w
DSLS I 001 Surfoms wy/INa uopua) X NI 123u1y 3uoj JejoA w 19 1T
DSId I 001 ou Quou uopua) dUoq TX¢ rpWINRY xopur w € 0C
3918 I 001 ou auou uopua)/ouoq 01 X L rpwINRY puey [esiop w 8T 61
ES I 6 Sureay padejep NLH suoq LXS BUWOIPUOYI09)SO VIdILL J 7L 81
s1o3ury Surx
OS.LS I 001 ou Juou uopud)/QuUOq XY rwnen pue Suof xopur J 1z L1

Acta Orthopeedica Belgica, Vol. 80 - 3 - 2014



ACELLULAR SKIN SUBSTITUTE 299

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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