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Background: Numerous dressings for split-thickness skin graft donor sites
are commercially available with no conclusive evidence-based consensus
regarding the optimal dressing choice. This study was conducted to iden-
tify which of 5 commonly used materials promotes wound healing most
effectively for use on split-thickness donor sites in comparison with our
standard dressing, Xeroform (petrolatum gauze).

Methods: Twenty-four partial-thickness wounds were created on the backs of
4 pigs using a dermatome. Wounds (n = 4 per dressing type per pig) were
treated with Xeroform, Opsite (polyurethane film), Kaltostat (calcium sodium
alginate), DuoDERM (hydrocolloid), Aquacel (hydrofiber), and Mepilex
(silicone foam). Full-thickness skin samples were excised at 3 or 5 days and
evaluated histologically for reepithelialization and inflammation. Comparisons
also included incidence of infection, ease of use, and cost analyses.

Results: DuoDERM elicited the greatest percent reepithelialization (81%)
and Mepilex the lowest (33%) after 3 days (P = 0.004). All dressings
demonstrated complete reepithelialization except Mepilex (85%) at 5
days. There were no infections and inflammation was mild among all treat-
ments. Mepilex was easiest to use, whereas Aquacel, Kaltostat, and Opsite
were most difficult (P=0.03). Xeroform was most cost-effective and Aquacel
most expensive. Combined scoring revealed DuoDERM = Xeroform >
Opsite = Mepilex > Kaltostat > Aquacel.

Conclusions: DuoDERM and Xeroform were most effective overall.
DuoDERM tended to outperform all dressings in reepithelialization at 3 days,
while Xeroform was least expensive, easy to use, and demonstrated rapid
reepithelialization. These findings suggest that Xeroform may be preferred
for use on large donorsite areas. DuoDERM may be more appropriate
for small donor sites when healing time is a priority. (Plast Reconstr Surg Glob
Open 2013;1:e84; doi: 10.1097/GOX.0000000000000031; Published online 19
December 201 3)

constructive technique for the replacement
of damaged or missing skin caused by burns,
trauma, surgical resection for cancer, and chronic
wounds.! Split-thickness autografts are harvested by
excising the epidermis and part of the dermis, leaving

S plit-thickness skin grafting is a widely used re-
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a donorssite wound that can vary in thickness.! Donor-
site wounds generally heal by reepithelialization in
7-14 days, after which they may be used repeatedly
when a large defect necessitating repair exists, such as
an extensive burn.”® Therefore, proper wound care
of the donor site is critical to reduce time to complete
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reepithelialization and to prevent significant morbid-
ity resulting from delayed healing, infection, or con-
version of the donor site to a full-thickness wound.®*

Optimal donorsite dressings promote wound
healing by preventing dessication, removing excess
exudate, allowing gaseous exchange, and accelerat-
ing reepithelialization while being comfortable for
the patient, resistant to infection, easily applied, and
cost-effective.”™  Although petrolatum fine-mesh
gauze impregnated with the antiseptic bismuth tribro-
mophenate (Xeroform) is the preferred dressing at
our institution and in some burn centers around the
world,” we question whether a more effective dress-
ing is available. Review of the literature has shown that
impregnated fine-mesh gauze, calcium alginate, and
polyurethane film are among the most commonly used
dressings; however, newer materials such as hydrofi-
bers, hydrocolloids, and foams are becoming more
popular for use on split-thickness donor sites.®!>1°

Results of national and worldwide surveys indi-
cate that practitioners often use the dressing they are
most familiar with, regardless of performance.*'>'
This is due, in part, to an overabundance of choices
and a lack of consistent clinical evidence to support
alternative materials.>'*'%!® To date, 4 systematic re-
views on the most effective donor-site dressings have
been completed.”!*”!® These reviews were based
mainly on small trials comparing a limited number
of dressing types. Aggregate clinical evidence sug-
gests that hydrocolloids and films may be superior
to other materials, to include Xeroform; however,
the authors agree that more conclusive evidence is
needed.”*!718 The largest randomized clinical trial
evaluating 6 commonly used dressings was published
in 2013 by the Recognizing Effective Materials By
Randomizing and Assessing New Donorsite Treat-
ments (REMBRANDT) study group.® The authors
reported that the use of hydrocolloid dressings re-
sulted in the fastest healing of donorsite wounds,
while gauze dressings were accompanied by a higher
infection rate.® Importantly, this randomized trial
did not evaluate Xeroform.?
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Although human studies are the most accu-
rate way to determine the clinical effectiveness of
donor-site dressings, it is often difficult to obtain
sufficient numbers of similar wounds for random-
ized trials, thus limiting the number of materials
compared. In addition, objective measurements of
wound healing are restricted due to the need for
biopsies obtained for histologic analysis. Animal
models are thus a viable alternative to provide addi-
tional evidence to support the use of various dress-
ings, with the pig being the most suitable animal
model available because porcine skin is similar to
that of humans in epidermal thickness, composi-
tion, vascularization, and healing."” In this study, we
used a swine model to determine which of 5 com-
monly used dressing materials, including polyure-
thane film (Opsite), calcium alginate (Kaltostat),
hydrofiber (Aquacel), hydrocolloid (DuoDERM),
and silicone-faced polyurethane foam (Mepilex),
promotes wound healing most effectively for use
on split-thickness skin graft donor sites when com-
pared with our standard dressing, Xeroform. Pa-
rameters examined included reepithelialization,
inflammation, prevention of infection, ease of use
(application and wound care), and cost.

MATERIALS AND METHODS

Animals

Four female Yorkshire pigs weighing approxi-
mately 25 kg were obtained from a local farm. The
study protocol was approved by the Institutional Ani-
mal Care and Use Committee at Tripler Army Medi-
cal Center. Investigators complied with the policies
as prescribed in the U.S. Department of Agricul-
ture Animal Welfare Act and the National Research
Council’s Guide for the Care and Use of Laboratory Ani-
mals. Facilities are fully accredited by the Association
for Assessment and Accreditation of Laboratory Ani-
mal Care International.

Treatments and Study Design

Six dressings were evaluated in this study in-
cluding petrolatum gauze (Xeroform; Covidien,
Mansfield, Mass.), polyurethane film (Opsite
Flexigrid; Smith & Nephew, London, UK), cal-
cium sodium alginate (Kaltostat; ConvaTec, Skill-
man, N.J.), hydrocolloid (DuoDERM Extra Thin;
ConvaTec), hydrofiber (Aquacel; ConvaTec), and
silicone-faced polyurethane foam (Mepilex; Moln-
lycke Healthcare, Goteborg, Sweden). Twenty-four
partial-thickness wounds (approximately 4x2cm)
were created on the back of each pig, with 4 wounds
treated with the same dressing type (Fig. 1).
Wounds treated with different materials were sepa-
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Fig. 1. Example of wound treatment arrangement on day 0. Twenty-four split-thickness wounds per pig were created using an
electric dermatome set at 0.015 inches in depth (A). Four wounds each were treated (B) with Kaltostat (K), Opsite (O), Aquacel

(A), Xeroform (X), Mepilex (M), and DuoDERM (D).

rated by approximately 3cm and the arrangement
of dressings was randomized before each surgery to
minimize cross-reactivity or interference between
dressings. Full-thickness skin samples were excised
at 3 days (3 pigs) or b days (1 pig) and evaluated
histologically for reepithelialization and inflamma-
tion. Dressings were also assessed for incidence of
infection, ease of use, and cost.

Surgery and Wound Care

One day before surgery, pigs were administered a
fentanyl patch (50 pg/h), which was replaced after
72 hours. Anesthesia was induced with an intramuscu-
lar injection of ketamine (33 mg/kg) and midazolam
(0.5mg/kg) and, after intubation, was maintained
with inhaled 2% isoflurane. Pigs were given one dose
of cefazolin (1g) intravenously before the procedure.
The back of each pig was shaved and proposed wound
areas (4x2cm) were marked with a skin marker and
template. The surgical site was then prepped with
chlorhexidine, draped in a standard sterile fashion,
and sterile mineral oil was applied to the skin. Twenty-
four partial-thickness wounds were created using an
electric dermatome (Model B Padgett Electro Derma-
tome, Integra Life Sciences, Cincinnati, Ohio) set at
0.015 inches in depth. The skin was discarded, and
hemostasis from the donor sites was achieved with
saline-soaked gauze and pressure. Dressings were cut
into approximately 5x 3 cm pieces, applied to the ran-
domly assigned wounds, and secured in place using
a sterile skin stapler. These were then covered with
layers of sterile gauze, abdominal pads, Chux, tape,
and a goat tube (Sullivan Supply, Tex.) for added pro-
tection and to decrease movement of the dressings.
During recovery, pigs were given an intramuscular in-
jection of 0.1 mg/kg buprenorphine.

Animals were observed daily for wound care, pain
management, and evidence of infection. Donorsite
dressings were changed only if needed due to shift-
ing or saturation, while external dressings were re-
placed daily. Opsite was replaced on postoperative

day 3 in the 5-day animal. On day 3 or 5, pigs were
euthanized, wounds were examined for infection,
and full-thickness samples (including 0.5-cm margin
of unwounded skin surrounding each wound) were
excised from the center of each wound and pro-
cessed for histology (Fig. 2).

For each dressing material, ease of use (which
included both application and wound care) was
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Fig. 2. Full-thickness explant harvested on postoperative day
3, including 0.5-cm margin of unwounded skin surround-
ing the 4x2cm partial-thickness wound. Two 0.5-cm-thick
specimens were excised from the center of each wound and
processed for histology. The lower middle piece is turned on
its side to view the epidermis, dermis, and subcutaneous fat.
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scored by 3 investigators directly involved in the
pigs’ wound care during the course of the study. An
overall score was given which ranged from 1 (use-
less due to difficulty) to 10 (the easiest use ever
possible). Although subjective, factors considered
by the observers in the ease of use score includ-
ed ease of application, ease of removal, dressing
adherence, leakage, and frequency of dressing
changes.

Histology and Morphometric Analysis

Tissues were fixed 72 hours in 10% neutral buff-
ered formalin, embedded in paraffin, and 5 pm se-
rial sections were stained with hematoxylin-eosin,
Masson trichrome, and elastic van Gieson. Digital
images were captured using PictureFrame software
(Optronics, Goleta, Calif.) and an Olympus IX71
microscope (Olympus America, Center Valley,
Pa.). Sections stained with hematoxylin-eosin were
analyzed at 100x magnification by a single experi-
enced blinded observer (L.M.P.) for the amount
of new epithelium in each wound, which was de-
fined as the region between the wound margins
covered by epithelial cell islets and cells growing
out of regenerating hair follicles. To ensure that
differences in wound sizes were taken into ac-
count, reepithelialization was standardized by di-
viding the new epithelium by the wound length
in each section to calculate the percent reepithe-
lialization. The thickness of the new epithelium
in each wound was measured in a minimum of 5
fields (5—10 measurements per field yielding 25-50
measurements per wound) at 200x magnification
using the PictureFrame application calibrated with
50-um glass beads.

Total nuclei were counted by a single experi-
enced blinded observer in 3 randomly selected high
power fields (HPFs) per section at 1000x magnifi-
cation (similar to Mauskar et al®). All tissues were
aligned so that the viable dermis was located at the
top of the field. Acute inflammatory cells (polymor-
phonuclear leukocytes, PMN) were identified mor-
phologically, counted, and semiquantitatively scored
as 1 = <10 PMN per HPF, 2 = 10-20 PMN per HPF,
or 3 = >20 per HPF. Inflammation was also subjec-
tively scored on a scale of 0—4 (0 = none, 1 = minimal,
2 =mild, 3 = moderate, and 4 = severe), and sections
were evaluated qualitatively for cell types present
and granuloma tissue formation.

Immunohistochemistry

Immunohistochemistry was performed on 5 pm
paraffin sections from 6 wounds and unwounded
skin from each of the 4 pigs using a mouse mono-
clonal antibody to pan cytokeratin (C-11, ab7753,
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Abcam, Cambridge, Mass.) to confirm identifica-
tion of newly formed epithelium. After deparaf-
finization and rehydration, heat-mediated antigen
retrieval with citrate buffer (Millipore, Temecula,
Calif.) was performed, and immunostaining was
accomplished with the use of the Dako EnVision
System (Dako North America, Carpinteria, Calif.)
following the manufacturer’s instructions. Briefly,
sections were incubated with an endogenous en-
zyme block solution for 5 minutes, incubated for
15 minutes with the primary antibody applied at
a dilution of 1:250, and then incubated for 25
minutes with a dextran polymer conjugated with
horseradish peroxidase and affinity-isolated im-
munoglobulins. Rinsed sections were incubat-
ed for 10 minutes with a 3,3'-diaminobenzidine
chromogen-substrate to form a colored reaction
product. Slides were counterstained with Mayer’s
hematoxylin (Dako North America), dehydrated,
and permanently mounted. Negative controls were
achieved by omission of the primary antibody and
by applying a mouse universal negative control re-
agent (Dako North America) instead of the mouse
monoclonal primary antibody.

Statistical Analysis

Three pigs were evaluated at 3 days and 1 pig was
evaluated at 5 days (4 wounds per dressing type per
pig). Reepithelialization data from the 3 indepen-
dent pigs at 3 days were pooled to give a sample of
12 wounds per dressing type at 3 days. Pooled anal-
yses are commonly performed in partial-thickness
wounding studies using 2 or 3 pigs per group.*'™*
Epithelial thickness data were collected for each
wound (25-50 measurements per wound), and the
mean of 4 wounds per dressing type was calculated
for each pig. The epithelial thickness means from
the 3 animals at 3 days were then averaged yielding
a sample of 3 wounds per dressing type at 3 days.
Total cell nuclei and acute inflammatory cells were
counted in 3 HPFs per wound from 2 wounds per
dressing type per pig, giving a total sample of 18
HPFs per dressing type from the 3 pigs at 3 days
and a sample of 6 HPFs per dressing type from 1
pig at 5 days. Values were expressed as mean + SEM.
Analysis of variance was used to determine differ-
ences among experimental groups followed by
post hoc pairwise multiple comparisons using the
Holm-Sidak method to identify specific differences
between the groups. Comparisons between 2 dress-
ings were performed using the ¢ test. Correspond-
ing nonparametric tests were used when indicated.
Statistical analyses were performed using SigmaPlot
11.2 software (Systat Software, San Jose, Calif.),
with P < 0.05 considered significant.
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RESULTS

Wound Care and Macroscopic Findings

The procedure was well tolerated in all animals
with no adverse effects or visible signs of pain. None
of the skin graft donor sites became infected. Al-
though some interanimal variability occurred, gross
inspection of wounds on days 3 and 5 revealed that
Xeroform- and DuoDERM-treated wounds were
consistently among the best healed sites, with com-
plete or nearly complete healing observed on day 5
(Fig. 3). Opsite-treated sites retained the most mois-
ture, while Kaltostat and Aquacel were most adher-
ent during removal. Dressings differed with respect
to ease of use (P = 0.03), with Mepilex and Xero-
form receiving the highest scores (Table 1). These
2 dressings were easy to apply and were very rarely
(Xeroform) or never (Mepilex) replaced or adjust-
ed during the postoperative period up to 5 days.
Although Mepilex required no dressing changes
throughout the duration of the study, Xeroform was
changed on one occasion due to shifting when one
animal was able to remove all outer dressing mate-
rials. By contrast, Aquacel and Kaltostat required
frequent reinforcement due to shifting and thus re-
quired dressing changes daily. Opsite was prone to
leakage due to its moisture-retaining properties and
shifted in highly exudative wounds. Because of these
factors, all Opsite dressings were changed on day 3 in
the 5-day animal. DuoDERM stayed in place through-

out the duration of the study and most wounds did
not require changing throughout the experiment
(only one DuoDERM-treated wound in one animal
needed to be changed due to shifting). Cost analyses
revealed that Xeroform was most cost-effective and
Aquacel was most expensive (Table 1).

Microscopic Findings

Because comparable epithelial morphology was
observed from the hematoxylin-eosin, Masson tri-
chrome, elastic van Gieson, and pan cytokeratin
staining, we chose to present histological results
from hematoxylin-eosin-stained sections, similar to
other published studies using pigs.****

On day 3, allwounds showed evidence of reepitheli-
alization, although differences were observed among
the various dressings (Figs. 4 and 5). Within each pig,
a statistically significant difference among treatments
was observed (pig 1, P=0.002; pig 2, P= 0.04; pig 3,
P <0.001). When comparing Xeroform to the other
dressings evaluated in this study, post hoc analyses
revealed that Xeroform performed better than Mepi-
lex, Kaltostat, and Aquacel in pig 1, but less well than
DuoDERM and Kaltostat in pig 3. No statistically sig-
nificant difference between Xeroform and the other
dressings was observed in pig 2. Pooled analysis at 3
days (n = 12 wounds per dressing type) revealed a
statistically significant difference among dressings
(P < 0.001), with DuoDERM-treated wounds having
a faster reepithelialization rate and Mepilex-treated
wounds having a reduced reepithelialization rate

Fig. 3. Split-thickness wound appearance on day 3 (A) and day 5 (B) after surgery. Most
wounds have completely or nearly completely reepithelialized by 5 d.

Table 1. Incidence of Infection, Ease of Use, and Cost Comparisons among Dressing Materials

Dressing Material Incidence of Infection Ease of Use” (mean + SEM) Cost (cents/cm?)
Xeroform None 8.0x0 0.17
Opsite None 53+0.7 0.88
DuoDERM None 7.7+0.3 1.48
Mepilex None 9.3+0.3 3.37
Kaltostat None 5.0+ 1.5 3.50
Aquacel None 5.0+1.5 7.10

“Ease of use included both application and wound care and was scored between 1 (useless due to difficulty) and 10 (the easiest use ever

possible).
P < 0.05 vs Xeroform, t test.
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DuoDERM

Mepilex-treated wounds showed less epithelial migration extending outward from hair fol-
licles than the other dressings. A mixture of fibrin clot, dead polymorphonuclear leukocytes,
and degraded extracellular matrix components at the interface between the dressings and
the healthy underlying dermis can be visualized sloughing off after epidermis formation.
Note Kaltostat and Aquacel fibers surrounded by the mixture of the dermis-clot interface.
Scale bar =100 pm.

compared to Xeroform (Fig. 5). Reepithelialization
in Xeroform-treated wounds was not significantly dif-
ferent than in wounds treated with Opsite, Kaltostat,
and Aquacel (Fig. 5). Mepilex-treated wounds overall
demonstrated the least reepithelialization outside of
regions immediately adjacent to hair follicles, while
DuoDERM demonstrated the greatest (P = 0.004,
81.3% + 7.2% DuoDERM vs 32.9% =+ 4.2% Mepilex,
t test, n = 3 at 3 days). In some areas treated with
each dressing type at 3 days, the epithelium was im-

6

mature in appearance and separation of the newly
formed epithelium from the underlying dermis was
observed (not shown). DuoDERM, however, consis-
tently demonstrated the most mature looking epithe-
lium with minimal dermal-epidermal separation. At
5 days, wounds treated with Xeroform, DuoDERM,
and Kaltostat showed 100% reepithelialization,
while those treated with Aquacel (99.3% + 0.7%)
and Mepilex (85.5% + 4.5%) were nearly completely
reepithelialized.
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Fig. 5. Percent reepithelialization 3 d after wounding. Values
are reported as the mean + SEM of 12 wounds per dressing
type. A statistically significant difference among dressings
was observed (*P < 0.05 compared to Xeroform, analysis
of variance followed by multiple comparisons vs Xeroform
using the Holm-Sidak method). X, Xeroform; O, Opsite;
D, DuoDERM; M, Mepilex; K, Kaltostat; A, Aquacel.
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Fig. 6. Epithelial thickness 3 d (n = 3 pigs) and 5d (n =1
pig) after wounding. At 3 d, new epithelium was thinner
than that from unwounded skin for both Xeroform- and
Kaltostat-treated wounds (*P < 0.05 compared to unwounded
skin, analysis of variance followed by multiple comparisons
vs unwounded skin using the Holm-Sidak method). At 5 d,
epithelial thickness following any treatment was not different
from unwounded skin (P =0.11). Un, unwounded skin.

A significant difference in epithelial thickness was
noted among dressings at 3 days (P = 0.04) but not at
5 days (p=0.23). At 3 days, new epithelium was thinner
than that from unwounded skin for both Xeroform-
and Kaltostat-treated wounds (P = 0.02; Fig. 6). Thick-
ness of new epithelium for all treatments increased to
that of unwounded skin by 5 days (P=0.11).

Inflammatory response was examined as an in-
dicator of the relative biocompatibility of each
dressing type. All treatments showed minimal to
mild inflammation at 3 days [subjective inflamma-
tion scores ranged from 1.2+0.18 (Xeroform) to
1.75+£0.19 (Opsite), P = 0.47], with inflammatory
cells consisting predominantly of PMN, lympho-
cytes, and macrophages. All wounds demonstrated
increased inflammation relative to unwounded skin
at both 3 and 5 days (P < 0.001). Number of total
nuclei (cellularity) was not significantly different
among dressing types at 3 days (P = 0.07) or 5 days
(P = 0.42; Table 2). Although cellularity increased
in day 5 wounds compared to day 3 wounds for all
dressings, presumably due to the increase in fibro-
blasts and inflammatory cells such as macrophages,
this increase reached statistical significance for Xero-
form, Opsite, and Mepilex (Table 2). PMN score was
not statistically different among the dressing types at
3 days (P=0.06) or 5 days (P=1.00), although Xero-
form and Mepilex tended to have the lowest scores
on day 3 (Table 2). PMN score decreased in day 5
wounds compared to day 3 wounds, but this decrease
reached statistical significance only for Opsite, Duo-
Derm, Kaltostat, and Aquacel (Table 2).

Each dressing elicited relatively low numbers
of lymphocytes, indicating that none of the dress-
ings produced a pathologically enhanced immune
response beyond that of normal wound healing.
A mixture of fibrin clot, dead PMN, and degraded
extracellular matrix components at the interface
between the dressings and the healthy underlying
dermis was observed to slough off after epidermis
formation (Figs. 4 and 7). By 5 days for each dressing

Table 2. Acute Inflammatory Cell (PMN) Scores and Density of Nuclei (Cellularity) per HPF at 1000x

Magnification

Unwounded
(3- and 5-Day Animals
Parameter Days Xeroform Opsite  DuoDERM  Mepilex Kaltostat Aquacel Combined) P’
PMN Score 3 1.44 (0.15) 1.90 (0.20) 2.10 (0.19) 1.50 (0.19) 2.11 (0.20) 1.84 (0.21) 1.00 (0) 0.06
PMN Score 5  1.00 (0) 1.00 (0)f 1.00 (0)* 1.00 (0) 1.00 (0)* 1.00 (0)* 1.00 (0) 1.00
Cellularity 3 75 (5) 86 (7) 95 (7) 74 (5) 93 (b) 94 (9) 62 (5) 0.07
Cellularity 5 112 (12)t 127 (6)1 104 (12) 120 (9)* 102 (10) 111 (6) 62 (5) 0.42

For the analysis at 3 d, cells were counted in 18 HPFs per dressing type from a total of 3 pigs (8 HPF analyzed per wound, 2 wounds per dress-
ing type per pig). Cells were counted in a total of 6 HPF per dressing type from 1 pig at 5 d (3 HPF analyzed per wound, 2 wounds per dressing
type per pig). Data are presented as mean (SEM). PMN score: 1 = <10 PMN per HPF, 2 = 10-20 PMN per HPF, and 3 = >20 PMN per HPF.

“Analysis of variance comparing the 6 dressing materials.
fP<0.05vs 3d, ttest.
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Fig. 7. Representative Masson trichrome-stained sections of wounds treated with DuoDERM on days 3 and 5 after surgery
demonstrating granuloma tissue formation and tissue remodeling. By 5 d, the number of inflammatory cells has decreased
and the number of fibroblasts has increased, with new collagen (light blue) and blood vessel (bv) formation visible. In addition,
the epithelium is maturing with stratum corneum observed. Scale bar = 100 pm.

type, the number of inflammatory cells (particular-
ly PMN) decreased and the number of fibroblasts
increased, with new collagen and blood vessel for-
mation observed indicative of granuloma tissue for-
mation and tissue remodeling (Fig. 7 and Table 2).

Overall Performance Ranking of Dressings for the
Management of Split-thickness Skin Graft Donor Sites
A scoring system integrating the major param-
eters studied (percent reepithelialization, inflam-
mation, infection, ease of use, and cost) was used to
rank the overall performance of the donor-site dress-
ings. Unlike human studies that administer ques-
tionnaires to patients, pain or discomfort was unable
to be assessed in this animal study and therefore
could not be included in the overall ranking of per-
formance. For each of the parameters, 3 stars were
assigned to the best performance, 2 stars to the mod-
erate performance, and 1 star to the weakest perfor-
mance (Table 3). Combined scoring revealed that
DuoDERM and Xeroform were tied for the highest
rank. While DuoDERM exhibited the best score for
reepithelialization, Xeroform had the added ben-
efit of cost. Opsite lost a point for ease of use, and

Mepilex lost points for reepithelialization and cost.
Kaltostat and Aquacel, although receiving similar
scores for reepithelialization compared to Xeroform
and Opsite, lost points for cost and ease of use. Dis-
tinctive aspects of each dressing material compiled
from the findings of this study are listed below and
in Table 3 and are ranked in decreasing order of the
total score.

DuoDERM (Hydrocolloid)

This dressing maintains moisture and thus is
prone to leakage and/or shifting and may need
to be changed in highly exudative wounds, al-
though overwhelming exudate occurred infre-
quently in our study. Additionally, because of the
moisture-preserving properties, this dressing on oc-
casion forms a thick paste-like drainage which may
be concerning to uninformed patients leading to
potential clinic visits. DuoDERM does not require
an overlying dressing and stayed in place well unless
the wound was highly exudative; overall this is a low
maintenance dressing in terms of nursing care, but
moderate in cost. This dressing received the highest
scores for reepithelialization.

Table 3. Ranking of Dressing Materials According to Total Score

3-Day % Reepi- Incidence of
Dressing Material thelialization Inflammation Infection Ease of Use Cost Total Score
DuoDERM ok EEES sk s s 13
Xeroform ok ok ok ok EEES 13
Opsite s s sk i s 12
Mepilex e s st st s 12
Kaltostat sk sekok sefeok & sk 11
Aquacel sk s sk i * 10

For each of the parameters, 3 stars are assigned to the best performance, 2 stars to moderate performance, and 1 star to the weakest performance.

8
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Xeroform (Fine-mesh Gauze Impregnated with the
Antiseptic Bismuth Tribromophenate)

This dressing does require an overlying gauze
dressing in human subjects, but the overlying
dressing only needs to be changed if it becomes
saturated. Xeroform is intended to stay in place
throughout the healing process and fall off on its
own when epithelialization is complete. This dress-
ing requires little to no additional nursing care, and
in our study, this dressing was changed only on one
occasion due to shifting when one animal was able
to remove all outer dressing materials. Xeroform is
the most economical of the 6 dressings evaluated in
this study.

Opsite (Polyurethane Film)

Although more difficult to apply, this dressing
does not require an overlying dressing and overall
stays in place well; however, it requires increased
nursing care (it required a dressing change on
day 3 during our study unlike DuoDERM, Xero-
form, and Mepilex). Like DuoDERM, because of
its moisture-retaining properties, Opsite is prone
to leakage and shifting in highly exudative wounds.
Opsite has the added benefit of cost, although this
dressing may become less economical if the frequen-
cy of dressing changes is increased.

Mepilex (Silicone-faced Polyurethane Foam)

In human use, this dressing would likely not re-
quire an overlying dressing due to its absorbent prop-
erties. Mepilex did not require any dressing changes
and stayed in place throughout the duration of our
study. It was easily removed at the conclusion of the
study. This dressing should require little to no addi-
tional nursing care once applied. Mepilex, however,
received the lowest scores for reepithelialization of
the 6 dressings evaluated in this study, which may off-
set the benefits of reduced nursing care and may not
justify its increased cost.

Kaltostat (Calcium Alginate) and Aquacel (Hydrofiber)

These 2 dressings were similarly high mainte-
nance in terms of dressing care in our study. In all
wounds, these dressings were frequently prone to
shifting requiring dressing changes daily. Kaltostat
and Aquacel both require an overlying nonadher-
ent dressing. Additionally, there is potential for
increased clinic visits due to patient concerns over
their tendency to form a gel-like substance over-
lying the wound. In our study, we found that the
increased expense of Kaltostat and Aquacel and
increased nursing care requirements preclude
their routine use for split-thickness skin graft
donor sites.

DISCUSSION

Donors-site dressing materials are broadly clas-
sified as moist and nonmoist, varying in their bio-
chemical composition and absorptive capabilities.'
Although a moist wound environment has been sug-
gested to increase reepithelialization, decrease pa-
tient discomfort, and avoid damage to newly formed
epithelium when the dressing is removed,*"!7182
there is no clear evidence to support the claim of
overall superiority of moist over nonmoist dress-
ings.'"” In this study, we compared the effectiveness
of 5 commonly used moist dressings with our stan-
dard dressing, Xeroform (a nonmoist dressing),
and showed that DuoDERM and Xeroform were the
most effective dressings overall. Because none of the
wounds became infected, and all dressings elicited
minimal to mild inflammation, the distinguishing
parameters used to rank the dressings were reepithe-
lialization, ease of use (application and wound care),
and cost-effectiveness.

Aggregated results revealed that hydrocolloids
such as DuoDERM demonstrate superior reepithe-
lialization, increased patient comfort, and compa-
rable infection rates relative to other materials.”'®
DuoDERM is composed of an outer layer of hydro-
colloid polymer complex which is both occlusive and
hydrophilic, aiding removal of excess exudates while
maintaining an environment thought to facilitate in-
creased collagen synthesis, keratinocyte migration,
and angiogenesis.*”!** A recent clinical trial showed
that time to complete reepithelialization was 7 days
shorter with the use of DuoDERM than with alginate,
polyurethane film, impregnated gauze, hydrofiber,
or silicone.® Similarly, 97% of wounds treated with
DuoDERM were completely healed by 10 days com-
pared with 75% of wounds treated with the hydrogel
Zenoderm.? In addition, donor areas treated with
hydrocolloids had a smoother, more even appear-
ance when compared to sites treated with calcium
alginate dressings.?® Consistent with previous clinical
studies,™®*?7 we showed that DuoDERM elicited the
fastest rate of healing while being moderate in price,
easy to use, and resistant to infection.

We found Xeroform to be easy to use, resistant to
infection, cost-effective, and only slightly inferior to
DuoDERM in terms of reepithelialization, suggest-
ing that Xeroform should remain a favored choice
for use on split-thickness skin graft donor sites in
cases in which time to reepithelialization is not of
utmost importance. While maintaining rapid heal-
ing times, Xeroform is nearly 9 times less expensive
than DuoDERM. Although the authors of a recent
clinical trial advised discontinuation of gauze dress-
ings due to increased infections, they investigated
Adaptic petrolatum gauze (Systagenix, Gatwick, UK)
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and paraffin gauze, but not Xeroform.® Aggregated
results of gauze dressings for donor-site wounds did
not find an increased risk of infection.™17:18

We did not see an overall improvement in reepi-
thelialization of wounds treated with Kaltostat, Aqua-
cel, or Opsite when compared to those treated with
Xeroform. Although national surveys revealed that
Kaltostat is the most commonly used dressing in the
United Kingdom and Australia,>'® clinical data fa-
vor other dressing types in terms of wound healing,
cost, patient comfort, and ease of use.'”** We and
others'* found Aquacel and Kaltostat to be expen-
sive and relatively difficult to use, as these dressings
required frequent reinforcement, thus precluding
their routine use for split-thickness skin graft donor
sites. Although Opsite provided rapid reepithelial-
ization at a relatively low cost, we found it difficult
to apply, with frequent shifting of the dressing when
high exudate load existed, similar to observations
by Demirtas et al.® Finally, although Mepilex was the
easiest to use, not requiring any dressing changes
during the postoperative period or adjustments due
to shifting, Mepilex-treated wounds elicited the least
reepithelialization overall. Given its reduced wound
healing properties and moderate cost, we and oth-
ers’' determined that Mepilex is inferior for use on
split-thickness donor sites compared to other dress-
ings evaluated in this study.

Our study had limitations. Although pigs are
among the best preclinical models available for com-
parison with human skin, some inherent physiologic
differences exist, including faster wound healing in
pigs than humans.*** The use of pigs did not en-
able the evaluation of pain in this study; however,
the animals did not show signs of discomfort during
the postoperative period. Overall pain scores have
been quite low in clinical trials and differences be-
tween dressings minor, suggesting that the clinical
relevance of differences in pain among dressings
is questionable.®*? In addition, this short-term
study did not enable the evaluation of scar appear-
ance. Because previous studies have demonstrated
no long-term differences in scar quality, the clinical
relevance of this shortcoming is undetermined.®'*?!
Finally, despite a small sample size, the use of 3 pigs
and 12 wounds per dressing type was sufficient to de-
tect some important differences among dressings on
the third postoperative day.

CONCLUSIONS
Ideal wound care for split-thickness skin graft do-
nor sites should include dressings that promote heal-
ing, prevent complications, and are cost-effective. An
objective comparison of 6 commonly used dressing
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materials evaluated in a swine model revealed that
DuoDERM and Xeroform were most effective over-
all. DuoDERM tended to outperform all dressings in
reepithelialization at 3 days, whereas Xeroform was
least expensive, easy to use, and demonstrated rapid
reepithelialization. These findings suggest that Xero-
form may be preferred for use on large donor-site ar-
eas. DuoDERM may be more appropriate for use on
small donor sites when time to healing is a priority.
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