Should we expect similar effects of extracorporeal
shockwave therapy on wounds of different species?

Scott McClure, DVM, PhD, DACVS;

Equine distal imb wounds are
cormamon and often heal slowly by
second intention, Primary closure of
wionds of the digtal portion of the limb
is often prevented by the Iack of soff
tissue and immoehbility of the
surrounding skin.™ Wounds of the
distal portion of the limb often heal by
second intention and healing is often
inhibited by the formation of exuberant
granulation tissue *® Compared to
wounds of the trunk, lacerations of the
distal portion of the limb retract more,
epithelialize mum ‘,Im-.-lgr, and cease to
contract sooner® Even within the
equine species, there are differences in
wound healing.

Second-intention healing of wounds
pecurs faster in ponies than horses.”
This is the result of a greater and faster
contraction of the wound in the ponies.
Wounds in horses (il with granulation
tissue faster, however in ponies, the
granulation tissue is more regular with
a smooth surface. Horses olten develop
extberant granulation tissue, however
this is less commen in ponies” (Figore 1)
This may be explained by differences in
the inflarmmmatory response between
horses and pondes.” Ponies have a
greater initial inflammatary response
that decreases rapidly after 3 weeks.
Horses have less inflammation and
fewer neutrophils initially, buf the
response remains [or a longer period of
time. During the longer inflammatory
period, myofibroblasts are less
organized in the horse than the pony.
Owerall, ponies have a more controfled
inflarnmatory stage and greater
organizalion of myalibroblasts resulting
in the more rapid and greater wound
contraction than the horse® fr-pitro
studies have shown thal there are no
inherent differences in fibroblasts and
myofibroblasts of horses and ponies
therefore, environmental factors such
as cytokines and the inflammatory
respornse likely account for the
differences.”

This is where shock wave therapy
may be important to help direct the
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healing response. Nurmerous studies
have shown an upregulation of multiple
cytokines following ESWT. The
consistent findings in multiple tissues
are an Increase in growth factors
including VEGF, TGF-B1, and 1GE"-=
TGEF-B1 has been documented as
important in stimulating wound
contraction. The horse has lovwer
production of TGF-B2 than ponies
which may be on of the reasons for the
dilferences in wound confraction rates
between horses and pories, ™" Another
poasibility could be oxygen derived free
radicals meluding superoxide and nifric
oxide which have heen identified in
other tizsues following ESWT, ™
Imereased endothelial nitric oxide
synthase has been demonstrated by
mmmmohistochermistry in tendon and
bone following shockwave therapy!”
A nitrie axide releasing gel was shown
Lo nerease the rate of epithelialization
of burn wounds in rats"™ therefore,
ritric oxide could be another poterntial
mechanism for stimulation of wound
healing, Associated with the increased
growth factors is a resultant increase in
necvascularization which should result
in faster wound healing "=
Undoubtedly, all species it would
biz desireable for wounds to heal
quickly with & retwm to normal
funtction, How this is accomplishied i
each species may be by different
mechanisms. In the horse, a meclianism
to stimudate the rate and amount of
contraction wonld be beneficial.
Contraction is usually beneficial for
return o funection of imb wounds in
harses. It usually cecurs faster than
epithelialization, and results in a better
cosmetic outcome, Therefore, maximal
contraction is usnally desireable in the
horse., Disfiguring and disabling
contracture does not occur on the
lower limbs of the horse, Excessive
cordracture can oceur with ijuries o
the lips, muzzle or eyelids, however,
ever this is not common: (Figure 2)
Consequently, there is a large
difference between horses and other

species Inchiding humans and dogs
where excessive wound contracture is
more problematic.

Re-epithelialization is an important
step in wound healing in the horse, but
not important as contraction, Until a
wound on the distal imb of a horge is
completely re-epithelialized there is a
risk of exuberant granulation tissue
formation, Thin, nonpigmenled
epithelialized scars can result in
repetitive njuries 1o The re-
epithelialized tissue. Epithelialization is
slow and frequently the most prolonged
phase of the process with a maxinmn
rate of Tmrm/10 days. In horses,
epithelialization is limited until
contraction has subsided, therefore,
wounds with greater contraction have
less epithelialization.

Many drugs and devices to stimulate
wound healing have been evaluated on
distal lrab wonnds of horges 250090 Tyt
foor controlled studies document the
benefits of these products.
Sehumacher, e of. found no benefit of
island grafting on the rates of
epithelialization and contraction of
surgically ereated wounds on the distal
portion of limbs of horses.® Equine-
derived amnion applied as a dressing to
full-thiclkness wounds on the distal limb
of horses significantly sped
epithelialization in one study,” but this
finding could not be repeated in
another,” Topical medications,
including antimicrobial drugs,”
cm‘timsterujdq " and various
dressings, """ have shown little benefit
to wound healing, One study did
demenstrate that application of a 1%
silver sulladiazine cream resulted ina
faster rate of epithelialization.”

Recent stucies, in which EWST was
applied to skin grafts and epidermal
burns in people, demonstrated a
decreased time Lo healing.™ When (he
effects of ESWT on the healing of
partial-thickness wounds of pigs were
evaluated, researchers found that the
effect of ESWT on the speed of
epithelialization was dose related and
that the maxirmm effect on
epithelialization ecourred af 10 pulses
at 14kV." Recently, the survival of
epigastric skin flaps of rats was shown
to be enhanced by the application of
ESWT." Bimilarly, in a skin Aap model,
ESWT stirmualated healing as much as
did gene therapy using transforming
growth factor-B1 (TGF-B1) or vascular
endothelial growth factor (VEGE ).
ESWT-treated faps developed an area
of necrosis of only 2.5%, whereas 17%
of the area of flaps that did not réceive
ESWT was necrotic™ In another study,



ESWT was shown to induce production
of VEGF and perhaps Lo modulate
expression of other growth factors,®
ESWT was also shown to decrease
timne to re-epithelialization of deep,
partial-thickness burns of homan
beings. =

Frequently equine distal limb
wounds are expectad to heal by
second intention. Tt was unknown
how ESWT would affect the wound
healing in the horse.

Study of second intention
healing of distal limb
wounds in horses

In a recent study by the authors of
this paper®, the affect of ESWT on
second intention healing of distal
limbs wounds af the horse was
evaluated. For this study, a B-cm
diameter circele was tattooed on the
dorsomedial aspect of the mid-
melacarpal region of each fore limb of
each of § horses 4 weels before the
study began. This allowed for the
measurement of wound expansion
and contraction. On day 0, 2 4-cm
diameter, circular defect that
included skin, subcutis, and
periostem was created in the center
of each tattoo. At the same time, two
similar 3-om diameter wounds wore
made on the dorsomedial aspect of
each metatarsus, one 4 cm proximal
and one 4 cm distal to the middle of
the metatarsus. These wounds were
ereated to obtain biopies for
immunohistochemical evaluation.
(Figure 3)

On day 1, the wourned on one
randomly selected MC was coverad
with ultrasound coupling gel and
treated with ESWT™ using 500 pulses
administered at of 0.11 mJ/mm®, Bath
MT wounds on one randomly selectod
MT were treated with 280 pulses
which provided an equal number of
pulses per square centimeter of
wound as the larger forelimb wounids.
Treatments were repeatodly weekly
until the wounds were healed. During
treatments, the untreated control
wounds on the contralateral MC and
MT were also covered with
ultrasound coupling gel. At each
bandage change, the wounds were
digitally photographed with a ruler
positioned vertically and horizontally
close Lo the wound as reference for
the photographs. The wounds were
maintained under a non-adherent
dressing and bandage until heated.

At day 14, full-thickness, full-

width of the wound, rectangular
excisional biopsies were laken from
the distal wound on each metatarsus,
and at day 28, full-thickness bicpsies
were taken from each proximal
wound on each metatarsus, Bach

biopsy was approximately 8 mm wide,

oriented in a transverse plane across
the center of the wound, and
encompassed adjacent unwournded
tissue on both the medial and lateral
aspects of the wound, Each biopsy
sample was placed into a 10%
solution of neutral-buffered farmalin
and then into T0% isopropy] alcohol.
The biopsy was embedded in paraffin
using an automated systen. Samples
were cub into B-um thick sections.

Epithelialization and
Contraction - The digital
photographs were analyzed using
computer software” to determine the
area within the tattoo, the area of
epithelialization, and the area of the
non-epithelialized portion of the
wound. The percentage of
contraction was calculated using the
following formula:

% contraction at D, = (atDe-tatl.) x 10086

wndl,,
where wndD), denoted the maximum
area of the wound, and tatD, denoted
Lhe maximum area of the tatioo, each
of which was determined after the
wound enlarged to its maximum
extent after its creation, before
contraction and epithelialization
began. Wound contraction was
expressed as a percentage of the
wioumid's area on day Iy, Tk, represented
any specific day after 13,

Granulation tissue - The
quiantity of granulalion lissue was
seored as: 0 = none; 1 = < 5 nun
depthand £ 1 em®in area; 2==5
rom depth the entire area of the
wound; 3 = = 5 mm depth.

Immunohistochemical
staining for IGF-I, VEGF
and TGF-£1

For immunchistochemieal staining
the IGF-1 antibodies" were diluted
1:10, and the VEGF and TGF-£1
antibodies were diluted 1:50 in
Tris/PBS/BSA solution, Sections were
bathed in the primary antibody
solutions for 2 hours at room
temperature. Endogenous peroxidase
activity was inhibited by applying 3%
HaO for 10 minutes. For IGF-1 and
VEGF, a multilink, goat, anti-

immunaglobulin secondary antibody
was used at.-a dilution of 1;80 and
were incubated for 15 minutes at
room temperature, For TGF-R1, a
goat anti-rabhit secondary antibody
was used at'a 1:500 dilation. Sarmples
were incubated for 15 minutes at
room termperature, All slides were
then exposed Lo a 1200 dilution of
Horse-radish Peroxidase-Streptavadin
for 16 minutes then stained with
Nova Red for 5 minutes and counter-
stained with one-gquarter strength
Shandon's hematoxolin for 2 minutes.
Negative conirols were incubated in
PES instead of with the primary
antibodies. Normal equine panereas
was used as the positive control for
IGF-1. A section of skin with an
extensive focus of granulation tissue
wis used for both the VEGF and
TGP-B1 eontrols,

For each time frame and
treatment group, five fields of
immature, leose, granulating fibrous
connective tissue were randomly
chosen for examination at 600X, The
conmective tissue was subjectively
evaluated for intensity of cyfoplasmic
staining and objectively evaluated for
the density of cells with positive
staining. A field of view was assigned
dscore of 1 if the uptake nf stain wag
low in intensity, This corresponded to
=15 cells with stain uptake /600X
field. The field of view was assigned a
score of 2 if the uptake of stain was
moderate in intensgity, This
corresponded to 15 -40 cells stained
00X field. The field of view was
assigned a score of 3 if the uptake of
stain was high in intensity. This score
corresponded to =40 cells stained
M00X feld,

Resulis

Epithelialization and
Contraction -The mean length of
time for wound healing was 76 days
for wounds treated with ESWT, and
90 days for the untreated control
wounds (F = (1.051). The healed
treated and control wounds had
gimilar areas of epithelialization
(T = 4.5 e C = 3.9 em®; P = 0.48)
and percentages of confraction
(T =61.3%; C = 61.0%; P = 0.96).
(Figures 4 & 5)

Granulation tissoe - The mean
gurn of the granulation tissue scores
did not differ significantly throughout
the study period (P = 0.52). When
the wounds were healed, the sum of
the granulation tissue scores
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