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Objective—To evaluate the effects of porcine small intestinal submucosa (PSIS) on the healing
of full-thickness wounds in dogs, specifically the appearance of granulation tissue, percent
epithelialization and contraction, histologic variables of inflammation and repair, and aerobic cul-
ture results.
Study Design—Prospective, controlled, experimental study.
Animals—Purpose-bred, female dogs (n¼ 10).
Methods—Wounds were created bilaterally on the trunk; 1 side as a control and 1 treated with
PSIS. First appearance of granulation tissue was recorded. Total wound area, open wound area,
and epithelialized area were measured at 21 time points—wound contraction and percent
epithelialization were calculated. Aerobic cultures were taken at 4 time points and wound biopsies at
8. Histologic features were graded into an Acute Inflammation Score and Repair Score.
Results—There was no difference in first appearance of granulation tissue between PSIS-treated and
control wounds. Wound contraction was significantly faster in control wounds as was percent
epithelialization after day 21. Histologic Acute Inflammation Scores were significantly higher in
PSIS-treated wounds compared with control wounds on days 2 and 6. There were no differences in
Histologic Repair Scores between PSIS-treated and control wounds or in aerobic culture results.
Conclusion—Wounds treated with PSIS contract more slowly, epithelialize less, and have more
pronounced acute inflammation after implantation than control wounds.
Clinical Relevance—Acute, full-thickness wounds in dogs do not benefit from treatment with PSIS.
r Copyright 2008 by The American College of Veterinary Surgeons

INTRODUCTION

EXTENDED SKIN loss, whether secondary to
trauma, congenital defects, infection, or neoplastic

resections, can pose substantial challenges for surgical
reconstruction. Many techniques have been developed
to achieve tension-free wound closure, including a variety
of local and distant mobilization and reconstructive pro-
cedures. Size and location of the defect and adjacent vital
structures, however, may constrain these techniques. Auto-,
allo-, or xenografts are alternate strategies for temporary or

permanent closure of large skin defects, but these can be
associated with important complications, such as donor site
morbidity, infection, rejection, or transmission of infectious
agents.1–4 Synthetic and biological wound dressings are
currently used in clinical applications. Synthetic wound
dressings have multiple advantages: ready availability at
a reasonable cost, long-term storage, and provision of nec-
essary characteristics like hydration and protection against
mechanical and infectious agents. In large defects, however,
they act as temporary wound coverage until definitive
reconstruction is performed.
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Biological wound dressings aim to become incor-
porated in the wound bed, providing a scaffold that
promotes adhesion and migration of fibroblasts and ker-
atinocytes. In vitro and in vivo investigations have sought
to develop an implantable wound dressing that can ideally
integrate into the wound while optimizing dermal and
epidermal restoration.5–9 Growth factors and cytokines
retained in these dressings are also thought to enhance
healing.10–12 In people, collagen-based dermal substitutes
followed by an epidermal autograft, or more recently bio-
engineered bilayered skin substitutes13–16 provide the clos-
est product to the ideal wound dressing.17–19

In veterinary medicine, biological wound dressings
such as allogeneic peritoneum,20 amnion,21,22 omen-
tum,23–25 collagen dressings,26,27 and more recently ex-
tracellular matrix (ECM) products20,28,29 have been used
to treat open wounds in dogs and horses with mixed
success.

Currently, there are 2 ECM products in the veterinary
market: porcine urinary bladder submucosa (PUBS)
and porcine small intestinal submucosa (PSIS). Both
are decellularized matrices consisting of a complex array
of collagens, proteoglycans, glycosaminoglycans, and
glycoproteins.30,31 They are reported to contain active
growth factors, such as FGF-2, TGFb, and VEGF,32,33

making these materials bioactive constructs that are able
to promote tissue remodeling. Initial investigation also
demonstrated a possible antibacterial effect of the PSIS.34

There are numerous, mostly experimental, reports on
the application of ECM bioscaffolds in the repair and
reconstitution of many soft tissue structures with variable
success. Tissues include the lower urinary tract,35–37

laryngeal cartilage,38 esophagus,39 abdominal wall,40–45

diaphragm,46,47 dura mater,48 blood vessels,49–51 ten-
dons,52–56 ligaments,57,58 fascia,59 menisci,60–63 and bone.64

Both commercially available ECM matrices on the vet-
erinary market are promoted as implantable products to
accelerate wound healing in dogs and cats. Numerous
studies have shown beneficial results in people in the
treatment of wounds using PSIS65–67; however, very few
reports have thoroughly studied its application in clinical
veterinary medicine.20,29,68

Our purpose was to compare the effect of PSIS with a
standard wound management protocol for large full-
thickness wounds in dogs. We speculated that PSIS would
provide a 3-dimensional matrix for cell migration and
angiogenesis, thus promoting fibroplasia, epithelializat-
ion, and contraction. We adopted the null hypothesis that
there would be no difference in first appearance of gran-
ulation tissue, epithelialization, or contraction between
the 2 treatments. Additionally, we evaluated the effects
of PSIS on histologic indicators of acute inflammation
and wound repair, and reported the results of aerobic
culture.

MATERIALS AND METHODS

Adult purpose-bred female mongrel dogs (n¼ 10) weighing
between 10 and 20kg, aged 1–3 years were acquired. Physical
examination, complete blood count, and serum biochemistry
profile were performed on each dog before study entry.

Study Design

Two 4 � 4 cm, full-thickness skin defects were created bi-
laterally on the trunk resulting in 4 wounds/dog. On 1 side, a
single layer of commercially available PSIS was placed in both
cranial and caudal wounds according to manufacturer’s in-
struction and served as the treatment group. Wounds on the
contralateral side served as the control group. Cranial wounds
on both sides were used for tissue biopsy and histopathologic
evaluation whereas caudal wounds were used for wound
planimetry and bacterial cultures.

Wounds were studied for 70 days. Bandage changes and
planimetry were performed on days 0, 2, 4, 6, 9, 12, 15, 18, 21,
24, 28, 31, 35, 38, 42, 45, 48, 52, 55, 62, and 69. Biopsies for
histopathologic evaluation were taken on days 0, 2, 4, 6, 9, 15,
21, and 31. Swabs for aerobic cultures were taken from the
caudal wounds on days 0, 2, 4, 9, and 15.

Technique

On day 0, dogs were medicated with acepromazine maleate
(0.05mg/kg intramuscularly [IM]) and butorphanol tartrate
(0.4mg/kg IM). A cephalic intravenous (IV) catheter was
placed and anesthesia was induced with thiopental (10–15mg/
kg IV to effect) and maintained isoflurane (baseline concen-
tration, 2% delivered in oxygen 30mL/kg/h). Lactated Ring-
er’s solution (10mL/kg/h IV) was administered during
anesthesia. Dogs were positioned in sternal recumbency and
the hair on the dorsum of the trunk from the neck to the
gluteal region was clipped and the skin prepared for aseptic
surgery.

Using strict aseptic technique, two 4 � 4 cm full-thickness
skin defects were created on each side of the trunk 5 cm ven-
tral to dorsal midline, just caudal to the scapula. The distance
between the cranial and the caudal wounds was 10 cm (Fig 1).

For all wounds, the cutaneous trunci muscle of the pan-
niculus carnosus was excised. Wounds were blotted with
sterile gauze until hemostasis was achieved. Treatment and
control sides were randomly assigned by coin toss. A single
sheet of sterile PSIS (VET BIOSISTt; Cook Biotech Inc.,
West Lafayette, IN) was applied to the wounds according to
manufacturer’s instruction. After trimming the sheet and let-
ting it soak in sterile saline (0.9% NaCl) solution for 2 min-
utes, it was placed into the cranial and caudal wounds on the
assigned treatment side. Four simple interrupted sutures (4-0
polydioxanone) were placed in each corner of the wound to
anchor the PSIS to the skin edges (Fig 2). Wounds on the
contralateral (control) side had 4 interrupted simple inter-
rupted sutures in each corner. Hydrogel dressings (Curagelt;
Tyco Healthcare Group/Kendall, Mansfield, MA) were ap-
plied postoperatively on all 4 wounds. This semiocclusive
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contact layer dressing was then secured with a dressing reten-
tion sheet (Hypafix

s

; BSN medical GmbH & Co. KG, Ham-
burg, Germany). Absorbent cotton cast padding (Specialist

s

;
BSN Medical Ltd., Brierfield, UK) was applied in multiple
layers around the chest, criss-crossed in front of the forelimbs,
and secured with an elastic bandage (Vetrapt; 3M Animal
Care Products, St. Paul, MN).

Butorphanol tartrate (0.4mg/kg, IM, every 6 hours) was
administered after surgery for 24 hours. Carprofen (4.4mg/kg
subcutaneously) was administered before recovery from anes-
thesia and continued orally for 7 days (4.4mg/kg orally every
24 hours).

Amoxicillin trihydrate and clavulanate potassium (13.75mg/
kg orally every 12 hours) were administered over 7 days

Bandage Changes, Data Collection, and Evaluation

Bandages were inspected daily for integrity and changed
according to the schedule previously described. Bandage
changes followed this protocol unless the bandage was stained

or was disheveled, which resulted in either reinforcement or
replacement.

Dogs were sedated with acepromazine maleate (0.05mg/
kg, IV) and butorphanol tartrate (0.4mg/kg, IV) on the days
of bandage changes, and isoflurane (2–4% in oxygen) was
administered by face mask when biopsies were taken. Bandage
changes were performed using aseptic technique. Wounds
were carefully cleansed with sterile saline. PSIS was evaluated
for integrity and adherence and was replaced as necessary
according to manufacturer’s instruction, or fenestrated if fluid
accumulation beneath the sheet was observed. First appear-
ance of granulation tissue was documented. The hydrogel
dressing was replaced on all the wounds at each bandage
change. All data were obtained from the caudal wounds ex-
cept the biopsies, which were taken from the cranial wounds
to avoid distorting the wounds for planimetry.

Planimetry

Fine-resolution digital photographs (1280 � 960 pixels) of
the caudal wounds were taken on day 0 and at each bandage
change (total of 21 time points). A carefully positioned mea-
surement scale was included in the picture, and uploaded into
a wound tracing software program (WoundMatrix

s

; GWR
Medical Inc., Chadds Ford, PA). After calibration, each
wound was measured and the areas of interest were defined;
namely open wound area (i.e., pregranulation or granulation
area) and epithelialization tissue; epithelialization being the
area of new epithelium surrounding the open wound area,
without the presence of hair follicles. Those areas were color
coded and traced by 2 individuals (S.P.S., B.J.S.). Using the
software application, the open wound area, the epithelialized
area, and the total wound area (i.e., sum of the latter 2 areas)
were calculated in cm2. From these results, the following
measurements were calculated for each time point: (1) percent
contraction with respect to the original wound size (% con-
traction dayn¼ 100�([total wound area dayn/original wound
area day0] � 100) and (2) percent epithelialization of the total
wound area (% epithelialization dayn¼ area of epithelium
dayn/total wound area dayn � 100).

Histologic Evaluation

Tissue biopsies for histologic evaluation were obtained
from the cranial wounds using the following protocol. A dis-
posable dermal biopsy punch (8-mm diameter) was used and
locations of the biopsy sites within the wound were system-
atically rotated in a clockwise fashion in all wounds. Samples
were fixed in 10% neutral-buffered formalin, and processed
for light microscopy. Representative sections were stained
with hematoxylin and eosin (H&E) and microscopically eval-
uated by a board-certified veterinary pathologist (B.A.S.) who
was unaware of sample grouping.

Criteria used for scoring of tissue alterations were defined
before histologic evaluation of the sections. For the samples
on days 0, 2, 4, 6, 9, and 15, the concentration of neutrophilic
cellular infiltration and the degree of edema, hemorrhage, and
necrosis were evaluated and scored: 0¼ none, 1¼minimal,

Fig 1. Left lateral view showing intraoperative placement of

the template used to standardize wound size to 4 � 4 cm.

Fig 2. Postoperative view of a porcine small intestinal sub-

mucosa-treated wound. Note the placement of sutures in each

corner (arrows), to secure the porcine small intestinal submu-

cosa sheet in place.
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2¼moderate, 3¼marked. The criteria used to define the
concentration of cellular infiltrates were as follows: 0¼within
normal histologic limits, 1¼ scattered, 2¼ clustered or nodu-
lar, and 3¼ diffuse. Histologic evaluation of tissue edema was
based primarily on distribution within the sections, with
0¼none, 1¼ focal, 2¼ localized (regional), and 3¼diffuse.
The degree or extent of hemorrhage within the tissue sections
was subjectively and comparatively designated as 0¼ none,
1¼mild, 2¼moderate, and 3¼ severe. The necrosis compo-
nent was evaluated utilizing the following histopathologic cri-
teria: 0¼none, 1¼ focal, 2¼ nodular/regional, and 3¼ diffuse
(tracking along fascial planes). These 4 histologic features
were weighted equally and plotted at each time point to check
for any graphical interaction of each composite by group,
before being summed to formulate a Histologic Acute
Inflammation Score (HAIS; range 0–12).

For days 0, 2, 4, 6, 9, 15, 21, and 31, the following variables
were evaluated using the same scoring system (0¼none,
1¼minimal, 2¼moderate, 3¼marked): fibroblast prolifera-
tion, collagen density, and neovascularization. Fibroblast pro-
liferation was designated, histologically, by pattern and degree
of tissue involvement. Scoring criteria were as follows: 0¼ none,
1¼ focal (loose), 2¼ locally extensive, and 3¼ effacing normal
tissue architecture. Microscopic interpretation of collagen den-
sity was based on intensity and depth of distribution within
tissue sections. Scoring values were defined as 0¼ none, 1¼ su-
perficial dermal, 2¼ superficial to mid dermal, and 3¼ super-
ficial dermal to subcutaneous. Similar to fibroblast proliferation,
the neovascularization component was scored on histologic pat-
tern and degree of tissue involvement: 0¼ none, 1¼ focal
(loose), 2¼ transdermal, and 3¼ effacing normal tissue archi-
tecture. These 3 histologic features were weighted equally and
plotted at each time point to check for any graphical interaction
of each composite by group, before being summed to formulate
a Histologic Repair Score (HRS; range 0–9).

To evaluate the histologic appearance of the PSIS material
alone, samples of a rehydrated PSIS sheet were examined with
an H&E stain.

Microbiology

Aerobic bacterial cultures were taken from the caudal
wounds on both sides on day 0 and postoperative days 4, 9,
and 15 using a commercially available collection and transport
system (BBLt Culture Swabt; Becton, Dickinson and Com-
pany, Sparks, MA). Culture media were Enriched Blood
Agar, Columbia CNA 5% blood agar with colistin and
nalidixic acid, MacConkey agar and Thioglycollate broth.
Samples were incubated and evaluated each day for quantity
and species of bacteria. Isolated bacteria were identified and
quantified by standard methods. Cultures were incubated for 4
days on the Enriched Blood Agar and Thioglycollate broth,
and for 2 days on Columbia CNA and MacConkey agar
before being considered negative.

Statistical Analysis

The response variables were total wound area (cm2), %
contraction, % epithelialization, HAIS, and HRS. The factors

that could affect the response variables were treatment (PSIS,
control), time (21 timepoints for planimetery, 6 for HAIS and
8 for HRS) and dog (10). Post hoc tests of all times to time0
were by means of Bonferroni t-test. Post hoc across treatment
comparisons at each time were by means of t-test. Data were
analyzed by means of a 3-factor ANOVA with the fixed effects
of treatment and time and the random effect of dog (SAS
PROC MIXED, SAS Institute Inc., Cary, NC). The level of
significance was set at Po0.05. The number of positive aer-
obic cultures was compared across treatment at each time by
means of a minimum w2.

RESULTS

Physical examination, complete blood count and se-
rum biochemistry profile were within normal reference
ranges for all dogs. Dogs tolerated surgery and the ban-
dages well. Toward study end, when the wounds were
almost completely healed, the dogs appeared mildly
irritated with the bandages and occasionally managed to
take them off overnight. Granulation tissue was grossly
detected between days 4–9 in the PSIS-treated and con-
trol wounds.

Fluid accumulation beneath the PSIS sheet during
the first couple of days was treated by fenestration of the
sheet according to manufacturer’s instructions, using a
#11 surgical blade. Hydration status of the wounds
throughout the study was moist and healthy, except to-
ward study end when some dogs were able to take off
their bandages. In those dogs desiccation of the wound
bed was noted.

Planimetry

Wound Size. There was an initial increase in wound
size in PSIS-treated and control wounds during the first 6
days. Wound edges retracted resulting in wounds larger
than the 4� 4 cm, and the PSIS-treated wounds retracted
significantly less than the control wounds. There was a
significant difference in total wound area between the PSIS-
treated wounds and the control wounds almost through the
entire study time. PSIS-treated wounds were significantly
smaller on days 0, 2, 4, 6, and 9, but significantly larger on
days 18, 24, 28, 31, 38, 42, 45, and 52 (Fig 3).

Contraction. Percent contraction was significantly
larger in the control wounds compared with PSIS-treated
wounds at all data points between days 18 and 55 (Fig 4).

Epithelialization. Percent epithelialization of the
wound was significantly greater in the control wounds
compared with the PSIS-treated wounds at all data
points after day 21 (Figs 5 and 6).

Histopathology

Morphologic findings of control and PSIS-treated
wounds appeared, in general, to reflect the basic phases of
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acute to subacute wound healing. Inflammatory cell pop-
ulations characteristically were first seen to consist pre-
dominantly of neutrophils, and were accompanied at this
stage by expected hemorrhage, edema, and fibrin (Fig 7).
Samples of PSIS were generally readily identifiable as
dense, hypereosinophilic linear material within the PSIS-
treated samples. Tissue sections containing identifiable
PSIS material consistently exhibited concentrated popu-
lations of viable and degenerate neutrophils surrounding
this matrix. The initial cellular infiltrates were followed
closely and temporally by macrophages, fibroblasts, neo-
vascularization and, ultimately, fibrous connective tissue
over the subsequent sampling intervals.

When quantifying our results, we found a HAIS that
was significantly higher in the PSIS-treated wounds on
days 2 and 6 when compared with control wounds (Fig
8). The HRS was similar throughout the study period

between the PSIS-treated and control wounds (Fig 8).
Histologic evaluation of samples of rehydrated PSIS
appeared as a dense lamellar collagenous structure
with parallel-arrayed fibers. Abundant nuclei were found
between the fibers (Fig 9).

Microbiology

Bacteriologic cultures taken on days 0, 4, 9, and
15 yielded 80 samples; 24 were positive (13 PSIS, 11 con-
trols). Pseudomonas sp. and Staphylococcus sp. were the
most common isolated species, followed by Clostridium
sp., Corynebacterium sp., Escherichia coli, Micrococcus
sp., and Streptococcus sp. The number of positive cul-
tures and their score did not differ significantly between
treatment and control wounds (Table 1).

Fig 3. Total wound area (cm2), representing the sum of open wound area and epithelialization. Note initial enlargement during the

first 6 days in porcine small intestinal submucosa-treated wounds and the control wounds because of elastic recoil. Initially,

the control wounds were significantly larger than the porcine small intestinal submucosa-treated wounds, but with contraction, the

control wounds were significantly smaller for most of the time points. For both sides, the most dramatic decrease in wound area

occurred between days 6 and 18.

Fig 4. Percent wound contraction compared to initial wound size on day 0. Note initial wound retraction, followed by significantly

greater contraction of control wounds during most of the study. For both sides, the most dramatic contraction occurred between

days 6 and 18.
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DISCUSSION

Surgical treatment of large skin wounds can be very
challenging and healing by second intention may take
several months, as occurred with the large wounds
created in this study (average wound size on day 0 was
20.26 cm2 in the control group and 18.88 cm2 in the PSIS-
treated group), which took more than 2 months to heal.

With microscopic evaluation, we found an accentu-
ated acute inflammatory response that diminished tem-
porally in PSIS-treated wounds. The acute inflammatory

response of control wounds was significantly less marked.
The finding of acute inflammation after implantation of
PSIS is consistent with other reports.69–72 The major
component of the PSIS product is collagen protein.
Although collagen has maintained a highly conserved

Fig 5. Percent epithelialization compared to the total wound size at each time point. The control wounds had a significantly higher

percentage of epithelialization after day 21.

Fig 6. Representative pictures of the porcine small intestinal

submucosa-treated side (A) and the control side (B) on the

same dog at day 35.

Fig 7. Histologic images of biopsies at day 2. One of the

marked differences between wounds treated with porcine small

intestinal submucosa (PSIS) (A) and control wounds (B) was

the neutrophilic infiltration of the specimens. Note the PSIS

implant as dense, eosinophilic, linear material (arrows).
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amino acid sequence during evolution, interspecies
structural differences exist throughout the collagen helix
(predominantly at both the amino- and carboxy-terminal
ends of the chain).73 The lack of delayed hypersensitivity
response in our study is consistent with many stud-
ies.20,29,59,74 It has been demonstrated that PSIS induced
a predominantly Th2 immune response when implanted
in tissue without the signs of rejection.69,75 Histologic
evaluation of a sample of rehydrated PSIS material
showed a marked nuclear and cellular content. This find-
ing is consistent with a study performed by Zheng et al72,
where they evaluated a PSIS product used for tendon
repair. They assessed the products histologically, as well
as by scanning electron microscopy (SEM); porcine
DNA was isolated with the use of nested polymerase
chain reaction (PCR). It is possible that the inflammatory
reaction caused by the implantation of PSIS is in part
because of the presence of porcine nuclear material
(Fig 9).

Assessment of the HRS, which was a combination of
fibroblast proliferation, collagen density, and neovascu-
larization, did not show a difference between PSIS-
treated wounds and control wounds. This is consistent
with findings reported by Winkler et al29 The biopsies for
histologic analysis were taken from the cranial wounds,
assuming that they would heal identically to the 10 cm
more caudal wounds. This was done (as in previous
studies22) to preserve the integrity of the caudal wounds
for accurate planimetric analysis. It is acknowledged,
however, that this assumption may be a limitation to our
study.

Close similarity between PSIS-treated and control
wounds was found in the results of microbial cultures
despite earlier reported antimicrobial properties of the
PSIS.34 This finding is consistent with a recent study by
Holtom et al, supporting the apparent lack of any anti-
microbial advantage of this dressing.76 We had no obvious
clinical signs of infection in any wound, and culture results
were mostly polymicrobial with low colony-forming unit
counts, typical of wound surface contaminants.

When evaluating wound epithelialization, there was sig-
nificantly increased percent epithelialization in control
wounds compared with PSIS-treated wounds after day
21. This finding diverged from other studies where
PSIS-treated wounds had a similar epithelialization rate
compared with control wounds.20,28,29 The reason for this

Fig 8. Histologic Acute Inflammation Scores were significantly higher in porcine small intestinal submucosa (PSIS)-treated

wounds on days 2 and 6. Histologic Repair Scores were not statistically different between PSIS-treated wounds and the control

wounds throughout the collection period.

Fig 9. Histologic evaluation of samples of rehydrated porcine

small intestinal submucosa appeared as a linear, lamellar,

collagenous material, with evidence of fairly evenly inter-

spersed nuclear detail.

Table 1. Results of Aerobic Cultures

Day 0 Day 4 Day 9 Day 15

Control PSIS Control PSIS Control PSIS Control PSIS

No growth 10 9 9 8 5 5 5 4

0–50 cfu 1 1 2 3 2 3 4

50–100 cfu 2 3 2 2

4100 cfu

cfu, colony-forming units; PSIS, porcine small intestinal submucosa.
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difference is unknown; however, one possibility may be the
fact that wounds in our study were much larger (416 cm2)
compared with the wounds in other studies (2 cm2 with
exposed bone in a dog study,29 and 4 cm2 full-thickness
wounds in another study performed on rats28).

Another possible reason for delayed epithelialization
may be the quality of the granulation tissue. Subjective
evaluation of the wound bed showed a smoother gran-
ulation tissue surface in the control wounds when com-
pared with PSIS-treated wounds, where the surface had
a more uneven appearance (Fig 6). Another possibility
could be the way the PSIS sheets were applied into the
wound beds. To avoid excessive retraction of the wound
edges, we did not undermine, and placed the sheets
slightly overlying the edges until day 4. On day 4, we
trimmed the sheets to the actual wound size. The fact
that the PSIS may have slightly overlapped in the
wound corners at the suture site, may have covered
and impinged upon the mobilizing basal epithelial cells
in early healing. If so, PSIS would be more appropri-
ately placed with undermining, or several days after
wounding.

Initial mean wound size during the first 9 days was
smaller on the PSIS-treated side compared with the con-
trols. All wounds initially retracted and continued to re-
tract until day 4, because of the viscoelastic properties of
the skin and cutaneous trunci muscle contraction. PSIS-
treated wounds did not enlarge as much over this initial
period because of the effect of the sutured PSIS sheet
holding the wound corners together, thus limiting retrac-
tion. After this time, the total wound area of all wounds
decreased, with the controls contracting more rapidly
than the PSIS-treated wounds. If the implanted PSIS
sheet had not been limiting this initial wound retraction,
it is likely that this later difference would be even more
pronounced. In other words, if the 2 sides started wound
contraction with the same wound size, the differ-
ence would be even more accentuated. This delay in
wound contraction is consistent with findings of a study
by Prevel et al28 where full-thickness, 20-mm-diameter
wounds in rodents were inflicted. They found an average
wound contraction rate of 33% for the PSIS-treated
wounds and 56% for the control wounds. There are
numerous studies that report inhibition of wound
contraction after implanting a collagenous ECM into
full-thickness wounds.6,77–81 This effect is used, and
indeed desired, in human wound treatment, where
contraction is usually unwanted. In veterinary applica-
tions, however, contraction is often a welcome and
important attribute of open wound management, unless
the wounds are over flexor and extensor aspects of joints,
and adjacent to orifices.

We concluded that PSIS is not beneficial in acute, full-
thickness wounds in dogs, where contraction is a desired

part of the wound repair process. In cases where con-
traction is contraindicated, the application of PSIS as a
dermal substitute to prepare the wound bed for a split-
thickness autografts, a cultured epidermal graft or other
reconstructive efforts, may be advantageous and should
be the focus of further studies.
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