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Our objective wasto eval uate the effectiveness of skin-stretching devicesfor closing defects on the extremities of dogs. Antebrachial skin
defectswere crested on thelimbs of 24 dogs randomly divided into three groups. Skin stretchersincl uded staples and sutures passing through
them (group A), sutures and hypodermic needles (group B), and Pavletic device (group C). Wounds on the | eft were further underminedin
al groups. Tension and blood perfus on were assessed. After removing the stretcherson day 3, the defects were sutured and wound healing
was clinically scored. Histological variables evauated were cellular infiltration, edema, collagen orientation, and thickness of epidermis.
Significant differencesin tension were found among groups (p < 0.0005) and between measurement times for undermined (p = 0.001) or
non-undermined (p < 0.0005) wounds. In contrast, blood perfusion vaues did not differ significantly. Clinica scoresfor group B seemed
to be better than those for groups A and C, but differences were not significant. Primary wound closure using the Pavletic device was not
feasible. No sgnificant differencesin histologica variableswerefound between groups. Skin stretching with staples or hypodermic needles

resulted in successful wound management with minor side effects on skin histology and circulation.
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Introduction

Skin defects on the limbs of dogs are often difficult to close
mainly due to the absence of skin abundance. Skin has
distinctive viscoelastic properties such as creep and stress
rdaxation [3,12]. Skin-stretching devices harness these
properties and facilitate delayed primary closure of wounds.
Creep dictatesthat skinwill extend asit isstretched at aconstant
tension [30]. Stressrelaxation indicatesthat if skinisstretched
a set distance, the amount of tension required to keep the skin
stretched will dowly decrease over time [3,12,18]. Skin
stretchers exert controlled mechanical load on large deficits that
causes gradua traction to the skin. Thus, complete wound
closure can be achieved within a short period of time.

Various devices have been proposed for promoting delayed
primary wound closure. Hypodermic or spina needles [1],
Kirschner wires [5] and staples combined with sutures [9] or
orthopedic wire, polyamide [6] or silastic Dacron strips [2], a
suture tension adjustment reel device [8], awise bands device

[4], and Hirshowitz's device [15] have al been used in human
clinical practice. Furthermore, Pavletic created a stretching
device congisting of adherent skin pads applied to opposing
sides of the defect and adjustable elagtic straps that engage the
skin pads [23,24]. This device has been used in dogs [23] and
rabbits [7] to close defects on the neck and trunk, but its
application on lower extremities has been considered almost
ineffective.

Deayed, mechanically assisted, primary closure stretches
local skin with the same color and texture of the surrounding
tissues [4]. Another advantage that skin stretchers have over
tissue expanders or flaps is that there is no need for a second
surgery [21,23,25,26]. Most techniques used for skin stretching
are smple and inexpensive. They can also be used for infected
wounds, in most cases can be applied under local anesthesia,
and are associated with decreased heding time and
hospitalization [17]. To the best of our knowledge, the effects of
various skin-stretching devices on the closure of woundson the
limbs of dogs, aswell as changesin skin microcirculation and
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histology, have not been studied. We decided to evaluate the
effectiveness of Pavletic device among other skin stretchers
using staples and needles, dthough its application at this
specific site may face difficulties dueto paucity of space or skin
elasticity. The purpose, therefore, of the present study was to
evaluate the effectiveness of skin-stretching devices on the
closure of skin defects on the extremities of dogs and to
determine the effects of dretching on  cutaneous
microcirculation, histology, and overall healing.

Materials and Methods

Animals

The present study was approved by the ethics committee of
the Hellenic State Veterinary Authorities on animal care and
use. Twenty-four healthy purpose bred, adult mixed breed dogs
1~4 years old were used (10 castrated males and 14 spayed
females). A complete physical examination, complete blood
count, serum biochemical analyses, and urindysis were
performed on each dog before the study commenced. The
animalswere housed in indoor individual runsand had outdoor
access twice daily. Commercial dry maintenance diets were
given twice daily and water was available ad libitum.

Study design

Following the creation of skin defects on both forearms, the
animals were randomly divided in three groups of eight dogs
each. In group A, skin staples were used for skin stretching. In
group B, the needle of an intravenous catheter was inserted
along each side of the wound. In group C, a Pavietic
skin-stretching device was applied.

Fig. 1. Markings for the skin defect on the craniolateral surface of
the mid-forearm. Note the sites for measuring blood perfusion
using LDF. F; frontal wound side, C; caudal wound side, u; upper
wound, m; middle wound, [; lower wound, L; left limb
(undermined wounds).
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Preoperative and surgical procedures with tension measure-
ment

The dogs were premedicated with acepromazine (0.05
mg/kg, im, Acepromazine, Alfasan Internationa, The
Netherlands) and butorphanol (0.1 mg/kg, iv, Butadors; Richter
Pharma, Austria). Anesthesia was induced with 2.5% sodium
thiopental (8 mg/kg, iv, Pentothal; Abbott Laboratories, USA)
and maintained with isoflurane (1~2%, Isoflo; Abbott
Laboratories) in oxygen (1.5 L/min). Preoperatively,
cefuroxime (20 mg/kg, iv, Zinacef; GlaxoSmithKline, UK) and
carprofen (2 mg/kg, iv, Rimadyl; Pfizer, USA) were
administered. Both forelimbs were clipped from the middle of
the humerus to the carpus and prepared for aseptic surgery.

Onday 1, one skin defect was created by aNo. 10 bladeonthe
craniolatera surface of each mid-forearm (Fig. 1). The defect
had a length of 5 cm and awidth ranging from 3.5~7 cmin
order to be equa to 50% of the circumference of the
mid-forearm. Undermining of the wound edges at adistance of
2 cminleft extremity was performed. For group A (Fig. 2), skin
staples (Proximate plus MD; Ethicon, USA) in groups of two or
three were placed circumferentialy and perpendicular to the
skin edges [9]. The groups of staples were placed 1 cm apart
from each other and 0.5 cm away from thewound edge. Smple
interrupted polypropylene O sutures (Prolene; Ethicon) were
passed through the staples on each opposing side of the wound
and tied over a cylinder (made from polypropylene thoracic
tube cases by cutting them into 10 cm sections and by creating
side holes) after passing through the side holes. The cylinder
was placed over the wound on top of a sterile non-adherent,
semi-occlusive pad (Melalin; Smith & Nephew, UK). For
group B (Fig. 3), the needle of an intravenous catheter
(catalogue no. 16; Abbott, Ireland) was inserted along each
wound side approximately 0.5 cm fromthewound edge[1,25].
Simpleinterrupted polypropylene 0 sutures were passed around
the needles on each opposing side of thewound and tied over a
cylinder as in group A. For group C (Fig. 4), a Pavletic

Fig. 2. Skin staples applied in group A.



Fig. 4. The Pavletic skin-stretching device used for group C.

skin-stretching device (X Banders, M.M. Pavletic, USA) was
applied [23,24]. Specifically, three adherent skin pads of the
device, measuring 0.5 x 5 cm, were placed next to each other on
opposite sides of the defect and attached to the skin by using the
cyanoacrylate glue and simple interrupted polyamide 3/0
sutures. The adjustable elastic straps engaged the pads of one
side of the defect to the pads of the opposing side.

During suture tightening, tension was measured with a
specia device that consisted of a dynamometer attached to
haemostatic forceps (Fig. 5) provided by the Centre for
Research and Technology of Greece. Care was taken to not
exceed alimit of 3.5 kg [15]. Tips of the forceps were passed
through the suture loops on opposite wound sides and the force
required to pull each side of the defect to the midline was
measured [19]. Thereafter, the wounds were bandaged with
sterile non-adherent, semi-occlusive pads (Mdolin; Smith &
Nephew) and Elizabethan collars were placed on the dogs.
Under generd anesthesia, dogs in groups A and B underwent
three cycles of intermittent skin stretching (cycleloading) 24 h
after creation of the defects (day 2). Forces of 1.5~ 2 kg were
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Fig. 5. Device used for measuring tension. A dynamometer was
attached to haemostatic forceps.

Fig. 6. Primary closure of the wound after removal of the skin
stretchers.

applied for 2~ 3 min followed by 1-min periods of relaxation
[25]. The sutures were tightened once again and tension was
measured. On day 3, the skin stretchers were removed with the
canines under general anesthesia. For group C, cycle loading
was not performed. The el astic strapsattached to the pads of one
wound side were stretched prior to engaging the pads of the
opposing side. The strapswere adjusted every 24 hfor atota of
48 h.

On day 3 (48 h after creation of the defects) following
remova of the stretchers, primary closure of the skin wounds
was performed for groups A and B (Fig. 6) but not group C.
Closure was achieved in a two-layer fashion using
polyglecaprone 3/0 (Monocryl; Ethicon) in a continuous
pattern and polypropylene 2/0 in a simple interrupted pattern.
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All wounds were dressed using the bandage pads mentioned
above. The bandages were changed daily until suture removal
on day 15 (groups A and B) or wound healing (group C).
Postoperatively, al animals received cefuroxime (20 mg/kg,
im, bid, Zinacef; GlaxoSmithKline) for at least 10 days and
carprofen (2 mg/kg, per os, bid, Rimadyl; Pfizer) for 5 days.

Clinical scoring of wound healing

Following primary wound closure in groups A and B, and
wound healing in group C, healing was clinically scored daily
until suture remova (day 15). The following modified scale
was used: 1 = no visible reaction; 2 = minima swelling or
erythema; 3 = suture line inflammatory reaction at least 1-cm
thick with pain or redness; 4 = seromaor abscessformation, and
5 = dehiscence, skinnecrogs, or impossible primary closure[10].
Scoring was performed by a clinician (M. Karayannopoul pou)
who was not aware of which sretching devices had been
applied in each group.

Blood perfusion measurements

Cutaneous microcirculation was assessed by laser-Doppler
flowmetry (LDF). The animals were acclimatized to the study
room (20°~22°C) at least 30 min before anesthesia[26]. LDF
measurements were performed under general anesthesiausing
the same protocol as for wound creation, with the dogs' body
temperature ranging between 38~39°C. A laser-Doppler
velocimeter (Periflux 4001 Master; Perimed, Sweden) with a
standard right angle probe was used. Blood perfusion was
assessed (Fig. 1) at six predetermined sites (three on the frontal
and three on the caudal side of the defect at the upper, middle,
and lower part and at a distance of 0.5 cm from the skin
stretchers). LDF was performed just before creation of the
defect (day 1), 24 h after defect creation, prior to cycle loading
and suture tightening (day 2), and 48 h after wound creation
(day 3). Each time, five separate readings were recorded at
5-minintervalsto obtain amean valuefor proper interpretation
[26]. Values are expressed in perfusion units (PU).

Histological evaluation

Samplesfor histologica eval uation were taken on the day of
wound creation (from the excised skin; control specimen), on
day 3 (following primary wound closure), and at the time of
suture removal (day 15). Specimens were obtained using a
6-mm biopsy punch (Biopsy punch; Jargen Kruuse, Denmark)
while the dogs were under general anesthesia as previoudy
described, at a distance of 0.5 cm from the wound margin or
suture line (day 3 and 15). The specimens were pinned to aflat
cork surface and fixed in 10% neutral-buffered formalin. They
were labeled so that the pathologists (D. Psalla, N.
Papai oannou) were not aware of the animal number, biopsy day
or group corresponding to the specimen. After routine
processing (dehydration in a series of acohols, clearing in
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xylene and paraffin embedding), the samples were cut into
sections 4- to 6-um thick and stained with Hematoxylin-Eosin
(H&E; Merk, Germany) aong with Van Gieson stain (Merk) for
eladtin.

The stained sections were microscopicaly examined. The
degree of cdlular infiltration (neutrophils, eosinophils,
macrophages, lymphocytes, and plasmaand mast cells), edema,
collagen orientation, and thickness of the epidermis were
evaluated using the following criteriafor scoring. For cellular
infiltration, sparsely scattered inflammatory cellsarrangedina
random fashion in the dermiswere considered normal (score0).
Detection of threeto 10, 11t0 30, or = 31 cells per high power
field (400 x) in thewound ti ssue was considered mild (score 1),
moderate (score 2), or substantial (score 3) infiltration,
respectively [13]. Absence of cells separating from collagen
was considered a lack of edema (0), dight separation was
considered mild edema (1), a separation of 30 to 50 um was
considered moderate edema (2), and a separation of > 50 um
was considered substantial edema (3) [13]. Orientation of
collagen bundles (the number of bundlesthat ran paralld to the
skin surface) was graded according to the following
semi-quantitative scoring system [28]: orientation exclusively
perpendicular to the skin surface (0), orientation predominantly
perpendicular to the skin surface (1), random orientation (2),
orientation predominantly paralldl to the skin surface (3), and
orientation parallel to the skin surface (4). Epidermal thickness
was eval uated relative to that of normal epidermisof the excised
skin on day O (control specimen) and assigned a score of O
(thickness similar to that of normal epidermis), 1 (dightly
decreased thickness), 2 (moderately decreased thickness), and 3
(substantially decreased thickness).

Statistical analysis

Data are expressed as the mean + standard deviation (SD).
Normality of the data distribution was assessed with a
Shapiro-Wilk test. To assess any satistically significant
differences, variableswere compared among | groupsaswell
as between undermined and non-undermined wounds at each
time point or between measurement times in each group. A
general linear model for repeated measures (for tension and
LDF) or the Wilcoxon paired-samplerankstest (for histological
parameters) was used to make these comparisons. P values <
0.05 were considered significant. All statistical analyses were
performed using SPSS software (ver. 15.0; SPSS, USA).

Results

Tension measurements

Mean vauesfor tensionin al groups measured on days 1 and
2 are presented in Table 1. Irrespective of measurement time,
statigtically significant differences in tension values (p <
0.0005) were found among all groups. The lowest and highest



mean values were recorded for groups B and C, respectively.
Irrespective of group, significantly decreassed tension was
observed on day 2 compared to day 1 in both undermined (p =
0.001) and non-undermined (p < 0.0005) wounds.

Clinical scoring of wound healing

The mean clinical scores for the undermined (left limb) and
non-undermined (right limb) wounds during the healing period
(from wound closure on day 3 to suture removal on day 15) in
groups A and B as well as group C (athough primary wound
closure was impossible) are presented in Table 2. Wound

Table 1. Mean values and standard deviation (mean + SD) of

tension (expressed in g) in undermined and non-undermined
wounds in the three groups

Tension
Group
Day 1 Day 2

A U 887.5 + 164.2 737.5 + 206.6

Non-U 887.5 + 164.2 737.5 + 206.6
B U 500 418.7 + 92.3

Non-U 500 418.7 + 92.3
CcC U 2625 + 443.2 2000 + 654.6

Non-U 2687.5 + 372 2125 + 443.2

U: undermined wounds, Non-U: non-undermined wounds.
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healing seemed to be better, although not significantly, in group
B compared to group A. Overall, no significant differencesin
clinical scores were observed between the undermined and
non-undermined wounds.

Blood perfusion measurements

Mean blood perfusion values at the six different sites during
the examined period in undermined and non-undermined
woundsaswell asthethree groupsare presentedin Table 3. No
statistically significant differences in mean LDF values were
found among groups A, B, and C. Onday 2, the mean LDF value
decreased but not significantly compared to day 1 irrespective
of group. Onday 3, thisvalue significantly increased compared
those recorded on day 1 (p = 0.048) and day 2 (p = 0.012). No
significant differencesin blood perfusion were found between
undermined and non-undermined wounds in any group. Some

Table 2. Mean values (+ SD) of clinical scores for undermined
(left limb) and non-undermined (right limb) wounds in the three
groups

Clinical score

Type of wound
Group A Group B Group C
U 2.25 + 1.49 1.50 + 1.42 5
Non-U 225+ 139 1.63 + 1.19 5

Table 3. Mean values (+ SD) of blood perfusion measurements by laser-Doppler flowmetry (LDF; expressed in PU) in undermined (left
limb) and non-undermined (right limb) wounds at the frontal or caudal side at three sites on each side (upper, middle, and lower) in

the three groups

Blood perfusion

Site Day 1 Day 2 Day 3

Group A Group B Group C Group A Group B Group C Group A Group B Group C
Fu-R 404 + 148 33.2 +234 412+ 162 50.8 +426 29.7 +240 51.0+ 814 106.0 + 725 30.3 + 31.2 63.7 + 36.8
Fm-R 533 +43.9 343 +23.7 51.0+ 151 49.0+246 218+ 156 572 +650 64.0+ 423 19.4 + 144 70.1 + 59.1
FI-R ~ 39.1 £ 23.1 283+ 255 552 +31.6 306+ 158 147 +95 534+615 257 +85 154+45 63.6+ 53.8
Fu-L 333 +93 234+ 155 36.1 +£193 60.1 +543 36.2 +23.0 225+ 9.1 80,8 + 63.0 36.6 + 21.8 43.0 + 19.5
Fm-L  30.6 + 15.2 29.2 + 19.9 32.7 + 186 413 + 225 314+ 255 293+ 152 859+995 257+ 165 39.6 + 124
FI-L 43.4 + 339 30.1 +20.1 29.6 +12.6 247 +18.2 18.0 + 12.0 20.0 + 8.7 33.2 + 225 18.1 +8.8 333 + 10.1
Cu-R 376 +222 235+ 119 290+ 142 381 +265 173 +11.0 33.1 +204 39.6 + 193 21.1 +17.0 40.7 + 143
Cm-R 267 +7.7 313+16.7 338+ 13.0 381+ 175 223 +92 428 +358 383 +21.9 19.6 + 120 50.3 + 31.1
CI-R 324 +95 348 +246 355+ 134 29.0+ 188 284+ 172 295+21.0 329+ 174 213 +16.7 399 + 219
Cu-L 291 +169 368 +21.5 349+ 199 320+ 239 21.1+97 227 +166 442 + 351 345+ 239 404 + 13.2
Cm-L 51.6 + 444 320+ 169 410+ 21.8 365+ 169 279+ 159 30.8 +286 29.7 +29.8 296 +80 372+ 184
Cl-L 334+ 144 365+ 163 324+ 13.6 249+ 215 290+ 259 163 + 8.8 242 + 17.0 28.2 +309 31.1 +9.0

F: frontal wound side, C: caudal wound side, u: upper wound, m: middle wound, I: lower wound, R: right limb (non-undermined wounds), L: left limb

(undermined wounds).

WWW.VEtSCi.org



104  Vassiliki Tsioli et al.

Table 4. Mean values (+ SD) for histological variables of undermined and non-undermined wounds in the three groups

Histological variable

Day Group
Cellular infiltration Edema Collagen orientation Epidermal thickness

3 A U 0.50 + 1 2+ 0.8 3+0.8 2.75 + 0.5
Non-U 1.75 + 1.50 1.75 + 0.5 2.75 + 0.9 2+ 1.4
B U 0.75 + 0.9 2.25 + 0.5 2.75 + 0.5 2.25 + 0.5
Non-U 1+0.8 2+ 0.8 2.75 + 0.9 2.25 + 0.5
C U 1.5 + 0.6 2+ 0.1 2.5+ 0.6 1.75 + 0.5
Non-U 0.25 + 0.5 1.75 + 0.9 2.75 + 0.5 2.75 + 0.5
15 A U 0.75 + 0.9 1.25 + 0.9 3.25 + 0.9 1+ 1.1
Non-U 1.25 + 1 1+0.8 2.75 + 0.9 1.5+ 1.3

B U 1.75 + 1.2 1+0.8 3.75 + 0.5 0.5 + 1
Non-U 2.25 + 0.5 1.75 + 0.5 25+ 1 2+ 1.4
C U 0.75 + 0.9 1+0.8 3.25 + 0.9 1.75 + 1.5
Non-U 1.5+ 1.3 1+0.8 35+ 1 1.25 + 1.5

dgnificant differences in blood perfusion were recorded
between the sites of LDF measurements. Irrespective of
location in the wound (upper, middle, or lower portion) or
undermining of the wound (l&ft or right [imb), blood perfusion
measurementstaken on day 3 differed significantly between the
frontd and caudal wound sidein groupsA (p < 0.0005) and C
(p=0.048).

Histological variables

Mean values of the examined histological variables for the
three groups are presented in Table 4. A mild to moderate
increase in celular infiltration was found in al wounds.
Additionally, moderate to substantial edemawas evident on day
3in al the groups. On day 15, edema was mild to moderate.
Collagen orientation was mainly paralld to the skin surface.
Epiderma thickness was decreased on day 3 aswell asday 15
to alesser extent. No statigtically significant differences were
observed for any of the histological variables.

Discussion

Wound closure on the extremities of dogs posesachallengeto
veterinary surgeons due to the paucity of eastic skin. The most
appropriate method depends on wound dimensions, exposed
underlying structures, presence of infection, technical
demands, operative skills, and treatment costs. Presuturing,
skin undermining, local and axial flaps, pouch flaps, grafts, skin
expanders, dtretching devices, microvascular free tissue
transfer, and secondary healing could be used for closing
defects on the limbs [11,24,27]. Skin dretchers that were
effectivefor groups A and B in our study had been evaluated in
alimited number of clinical casesin humans[1,9,25], but had
never been previoudy used in dogs. On the other hand, we
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evaluated the ability of the Pavletic device to manage wounds
on the extremities for the first time. In the present study, better
wound healing results (clinical scoring) observed in group B
could be due to the fact that tension across the wound margins
was more evenly distributed by using hypodermic needles
compared to staples, which had a smaller contact area. On the
contrary, the Pavletic stretching device used in group C did not
effectively promote wound closure on the extremities. Apart
from the absence of skin abundance, one possiblereason for this
result might bethefact that the padswere placed near thewound
edges. Pavletic recommends that they should be placed
approximately 5~ 10 cm away from the wound margins [23];
however, this was not feasible for wounds on canine
extremities.

During skin stretching, a safe threshold of the applied force
rangesfrom0.5to 4 kg [15]. Greater forces can stretch collagen
fibers and small vessels, resulting in the reduction or cessation
of blood perfusion and subsequent necrosis of skin margins
[1,30]. Thetension applied in the present study ranged from 1.5
to 3 kg and was considered safe. When used in combination
with cycle loading, this technique contributed to skin
elongation as described in other studies [8,18]. Significantly
decreased tension found on day 2 compared to day 1in our study
was probably due to stress relaxation [3]. The absence of any
satigtically significant differences in tenson between
undermined and non-undermined wounds indicated that the
combination of undermining and stretching does not cause
further tension reduction. Thisisin agreement with resultsfrom
other studies showing that skin-stretching devices reduce
tension for skin closure more effectively than undermining
[16,21]. Mackay et al. [19], however, reported that undermining
was more important than intra-operative tissue expansion.

Skin perfusion has been evaluated using various methods.



LDF is a noninvasive, simple, and accurate method for
measuring cutaneous microcirculation [20]. In the present
study, no significant decreases in blood flow were observed
between days 1 and 2. Thisis probably because measurements
were taken 24 h after suture tightening when stress relaxation
had aready occurred. Hallock and Rice[14] reported adecrease
in blood flow immediately after rapid tissue expansion, but
there have been no reports about perfusion changes during skin
stretching. Rapid skin expansioninratsresultsin asignificantly
sustained increase in mitotic activity due to mechanical stress
and tissue cell hypoxia that stimulates angiogenesis [17].
Moreover, Alex et al. [2] reported that stretchers produced
greater angiogenesis 1 week after application compared to
expanders in a porcine model. Similarly, in our study
significantly increased blood perfusion observed on day 3
compared to days 1 and 2 may indicate increased angiogenesis.
Thesignificant differencein blood perfusion found between the
frontad and caudal wound side may be attributed to the relevant
proximity to the cephalic vein. Furthermore, thefact that wound
undermining did not significantly affect blood perfusion could
be dueto preservation of the subdermal plexusblood supply [9].

Histological changes produced by skin-stretching devices
have not been previoudy studied in canines. Increased
epidermal thickness and decreased dermal thickness has been
reported after skin stretching in humans[22] whereasincreased
thickness of both the epidermisand dermiswas observed in pigs
[2,29]. In our study, increased dermal thickness (increased
edema) and thinning of the epidermiswere probably duetothe
two-dimensional nature of the applied forces[2].

In conclusion, skin stretching using staples and hypodermic
needles was shown effective for closing large defects on the
extremities of dogsin contrast to the Pavletic device. Tension
applied to the skin, ranging from 1.5 to 3 kg, was found to be
safe. Skin stretching had minor side effects on skin histology
and circulation. On the other hand, skin undermining did not
manage to further reduce the tension for wound closure.
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