Evaluation of cutaneous analgesia after non-focused extracorporeal shock
wave application over the 3rd metacarpal bone in horses
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Abstract

Extracorporeal shock wave therapy is becoming increasingly used in equine practice to treat musculoskeletal disorders. Although
the exact effects of extracorporeal shock waves on tissues still need to be elucidated, transient cutaneous analgesia has been
observed within treated areas in humans and horses. The purpose of this study was to determine the onset, magnitude, and
duration of cutaneous analgesia after non-focused extracorporeal shock wave (ESW) application by comparing the limb with-
drawal reflex latency (LWRL) in treated and untreated areas on the metacarpus of horses, using a focused light source. A single
treatment with non-focused ESW was applied to 3 areas over the dorsal aspect of one metacarpus in 12 horses. The LWRL was
measured to assess cutaneous sensation in treated and untreated control areas of the treated metacarpus and in an untreated
area on the opposite metacarpus, before and at various time points after ESW application. Most treated and control areas revealed
a significant decrease in LWRL over time compared with baseline values. Although the results of our study do not suggest
cutaneous analgesia after ESW application to the equine metacarpus, we advise cautious use of this treatment modality for
horses in training or before competition until further research is done.

Résume

L'utilisation de la thérapie a I'aide d’ondes de choc extracorporelle (ESW) prend de I'ampleur en médecine équine pour traiter les problémes
d’ordre musculo-squelettique. Bien que les effets exacts de cette thérapie sur les tissus sont encore a étre élucidés, une analgésie cutanée
transitoire a été observée dans les régions traitées chez les humains et les chevaux. Dans cette étude nous avons voulu déterminer le début,
U'ampleur et la durée de I'analgésie cutanée aprés un traitement ESW non-ciblé en comparant le temps de latence du réflexe de retrait du
membre (LWRL) de régions traitées et non-traitées du métacarpe de chevaux, a I'aide d"une source lumineuse ciblée. Un traitement unique
d’ESW non-ciblé a été appliqué a 3 régions sur I'aspect dorsal d'un des métacarpes chez 12 chevaux. Le LWRL a été mesuré afin d’évaluer
la sensation cutanée dans les régions traitées d’ un métacarpe et les régions non-traitées du métacarpe opposé, avant et aprés différents temps
de traitement par ESW. La plupart des régions traitées et témoin ont montré une diminution marquée du LWRL dans le temps lorsque
comparée aux valeurs de base. Bien que les résultats de notre étude ne suggerent pas qu’il y ait analgésie cutanée apres application d’ESW
au métacarpe équin, nous recommandons une utilisation judicieuse de ce mode de traitement chez les chevaux a I'entrainement ou avant
une compétition jusqu’a ce que des études supplémentaires soient effectuées.

Introduction

(Traduit par Docteur Serge Messier)

combinations of stall rest, altered training regimens, percutaneous
periosteal scraping, osteostixis, and systemically administered non-

Periostitis and stress fractures of the dorsal cortex of the 3rd meta-
carpal bone represent conditions that are often observed in young
fast-gaited performance horses at 2 to 3 y of age (1). This disease
complex is referred to as dorsal metacarpal disease (DMD) and is
believed to occur because of a failure of the adaptive response to
altered biomechanical stresses that arise from high-speed work.
Although racing Thoroughbreds have the greatest prevalence of
DMD, young quarter horses and occasionally racing standardbreds
can also be affected (1). Conventional treatment of DMD includes

steroidal antiinflammatory drugs (NSAIDs) (1). Alternative treatment
modalities, such as cryotherapy (2) and, more recently, extracorporeal
shock wave (ESW) therapy (3,4) have gained increasing interest in
the treatment of DMD. In a clinical report, 29 Thoroughbred race-
horses with DMD that were unresponsive to conventional treatment
were treated with pneumatically generated, non-focused ESW. After
3 treatments at 3-week intervals, 24 horses (83%) resumed speed-
work without recurrence of lameness or other clinical signs associ-
ated with DMD (3). In another case series, 10 horses with dorsal or
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palmar metacarpal cortical stress fractures were treated with 1 to
3 applications of focused shock waves administered under ultraso-
nographic control (4). Ninety days after treatment, 8 of these
10 horses (80%) had returned to racing or training and 6 (60%)
were pain-free, revealed radiographic signs of fracture healing, or
both (4). Despite the lack of reliable controls, these reports suggest
that ESW therapy may have a place in the treatment of DMD.

Extracorporeal shock waves are acoustic pressure gradient waves
that are used to treat a variety of orthopedic disorders in human
and animal patients. Although first introduced for non-invasive
treatment of urolithiasis in man (5), ESW were subsequently inves-
tigated for their effect on wound healing (6) and their osteogenic
potential (7,8). Humans are currently treated with ESW for a variety
of conditions including fracture non-unions (9,10) and painful soft
tissue syndromes, such as plantar calcaneal spurs (11) and tennis
elbow (12). Several clinical investigations have revealed promis-
ing results in the treatment of a variety of orthopedic disorders in
horses, such as bone spavin (13), stress fractures (4), high suspensory
desmitis (14), and navicular disease (15). Horses are often treated
using non-focused or radial shock waves that are characterized
by their distinct physical characteristics including lower wave
energies, a slower rise time, and their inferior penetration into the
patient’s body when compared with focused shock waves (16).
However, beneficial effects in treatment of orthopedic disorders with
non-focused shock waves have been reported in man (17-19) and
horses (3,14).

Although the precise mechanism by which ESW exert their effects
on tissues are currently not known, transient cutaneous analgesia
over treated areas has been observed in man (20) and horses (16).
This analgesic effect is likely to be independent of any other benefi-
cial effect on healing of deeper lying injured structures and could
place performance horses with predisposing bone and soft tissue
lesions at risk of sustaining a life- and career-threatening injury when
exercised too soon after application of shock wave therapy. The
recognition of these safety concerns resulted in the development of
regulations concerning the use of ESW therapy prior to competition
and training by racing jurisdictions and the Federation Equine
International (16).

The purpose of this investigation was to evaluate the local
cutaneous analgesic effect of ESW in the distal limb in horses. We
hypothesized that a single treatment with non-focused ESW applied
dorsally over the 3rd metacarpal bone would induce transient
cutaneous analgesia and that altered peripheral pain perception
could be assessed by evaluating the response to a standardized
thermal pain stimulus. Our specific objective was to document the
latency of onset, magnitude, and duration of cutaneous analgesia in
shock wave-treated metacarpal areas in comparison to non-treated
areas.

Materials and methods

Animals

This study was approved by the Institutional Animal Care and
Use Committee of the Louisiana State University. Twelve adult
horses from the institutional research herd were used in the study:

3

Figure 1. Evaluation of the limb withdrawal reflex latency (LWRL) on the
3rd metacarpal bones of horses treated with non-focused extracorporeal
shock waves. A = shock wave-treated limb. B = untreated control limb.
Points 1, 2, 3 = treated areas. Points 4, 5, 6 = untreated control areas.

5 quarter horses (3 geldings, 2 mares), 6 Thoroughbreds (4 geldings,
2 mares), and 1 Arabian, with a mean age of 14 y (range 5 to 19 y).
Prior to inclusion in the study, all animals were clinically evaluated
and determined to be free of lameness and apparent abnormalities
in their metacarpal bones. Individual housing was provided at a
nearby research facility and all horses were fed a routine pelleted
diet and had free access to water.

Extracorporeal shock wave therapy

Prior to ESW administration, each horse was sedated with deto-
midine hydrochloride (0.02 mg/kg of body weight, IV) and butor-
phanol tartrate (0.02 mg/kg of body weight, IV) and the hair on the
medial, lateral, and dorsal aspect of both metacarpi was clipped.
One forelimb of each animal was randomly assigned to be treated.
The skin of 5 circular areas (15 mm diameter, same diameter as the
applicator head of the shock wave generator) on the treated meta-
carpus (lateral-mid-diaphysis = point 1; dorsal-mid-diaphysis =
point 2; medial-mid-diaphysis = point 3; dorsal-proximal diaphy-
sis = point 4; dorsal-distal diaphysis = point 5) and on one area on
the control limb (dorsal-metacarpal mid-diaphysis = point 6) of
each animal were darkened with a black ink felt pen to improve
light absorption for assessment of the limb withdrawal reflex
latency (LWRL). After application of a coupling gel, provided by the
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manufacturer, 2000 pulses with a non-focused ESW generator
(Swiss DolorClast Vet; EMS Electro Medical Systems, Nyon,
Switzerland) were applied over each of the 3 mid-diaphyseal cir-
cular areas of the treatment limb (points 1, 2, 3). The regimen was
administered at a frequency of 12 Hz, with a machine pressure of
0.25 MPa, using a 15-mm diameter applicator head. The proximal and
distal diaphyseal areas on the treated limb (points 4 and 5) and the
mid-diaphyseal area on the opposite limb (point 6) served as controls
(Figure 1).

Assessment of the LWRL

The degree of cutaneous analgesia produced by non-focused ESW
was quantified by assessment of alterations in a nociceptive thresh-
old, using a focused light beam as a stimulus. Briefly, horses were
led into the testing area and a focused beam of light, of a standard-
ized intensity, was emitted from a distance of 20 cm onto the target
areas on the 3rd metacarpal bones. The time from stimulus when the
light beam was emitted until withdrawal of the limb was observed,
and this response was designated as the LWRL. Baseline values
were obtained in both treated and control areas prior to sedation
and administration of the ESW regimen. Following treatment of the
designated areas, LWRL was assessed in random order in all areas
of both limbs every 2 h for 12 h, followed by measurements every
8 h for 48 h after treatment. Each LWRL measurement was repeated
3 times in each area in random order at all time points.

Data analysis

Time to withdrawal from the light source was considered con-
tinuous and determined to follow a normal distribution using the
Shapiro-Wilk test with rejection of the null hypothesis of normality
at P = 0.05. Results were summarized as mean =+ standard error (s)
values. Using each horse as its own control (blocking by horse), the
effects of treatment and time were evaluated using a mixed effect
linear model accounting for the random variance of horses and
repeated measurements on each horse. Where there were significant
main and interaction effects, selected multiple comparisons were
made to determine the between treatment effects at various time
points and the effect of time within treatments. A software program
(PROC UNIVARIATE and PROC MIXED, SAS version 8.0; SAS
Institute, Cary, North Carolina, USA) was used for analysis.

The ESW application was well tolerated by all of the animals.
Eight of the 12 horses developed mild to moderate swelling and skin
abrasions over the treated areas. These changes were observed
immediately after the end of ESW administration.

The LWRL responses were similar in all treated and control areas
over time with a significant decrease noted at most sites and time
points compared with the baseline values. Between point compari-
sons at different times after treatment revealed that there was no
significant difference between points during baseline LWRL mea-
surements, and at 2, 4, 6, and 28 h after ESW application (Table I).
There was a significant difference in LWRL decrease at most sites on
the treated limb, compared with the control area on the opposite
limb (point 6), at 8, 10, 12, 20, and 48 h after treatment.
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Non-focused ESW applied to the 3rd metacarpal bone of horses
did not result in noticeable cutaneous analgesia in our study. A
significant decrease in LWRL was observed over time in both treated
and untreated metacarpi, but there was no difference between treated
(points 1, 2, 3) and control areas (point 4, 5) on ESW-treated meta-
carpi alone. A significant difference in decrease of LWRL in some
areas of the treated limb was noted, when compared to the control
area on the opposite limb (point 6) at 8, 10, 12, 20, and 48 h after
treatment. Because swelling and skin abrasions were observed in
several horses, a local inflammatory response secondary to treatment-
induced trauma could potentially have overwhelmed any local
cutaneous analgesic effect. However, considering the similarity of
our findings in treated and untreated areas over time, it appears
more likely that no local analgesia resulted from the ESW treatment.
Tissue trauma and inflammation after ESW therapy may have also
induced hypersensitivity in all testing sites (treated and untreated
areas) in treated limbs.

Another explanation for the progressive decrease of LWRL in all
tested areas over time could be that the animals became conditioned
to testing during the study and that a painful thermal stimulus was
anticipated. However, models assessing perception of thermal
stimuli have been previously used in horses to quantify the analge-
sic effects of intravenously (21) and locally (22,23) administered
drugs, and to demonstrate local analgesia after acupuncture and
electroacupuncture treatment (24). To our knowledge, conditioning
of animals to the testing procedure has not been reported in these
studies, although preventive measures, such as blindfolding the
animals prior to testing (23) or intermittent use of an unfocused
(sham) light source (22) have been mentioned in some of the
experimental protocols. No such measures were performed in
our study.

In our study, the effect of ESW application to the 3rd metacarpal
bone on LWRL was not assessed beyond 48 h. This follow-up period
was chosen based on clinical observations in humans (20) where the
analgesic response appears to be biphasic. An immediate initial
improvement in signs is normally followed by return of the pain
3 to 4 d after treatment and then a second gradual improvement over
the ensuing 3 to 4 wk. The initial response is believed to result from
the direct effects of shock waves on nociceptors and impaired sub-
stance P synthesis, whereas the second phase of pain relief is believed
to result from tissue healing associated with angiogenesis and tissue
matrix remodeling (20). A study in sheep, however, failed to identify
depletion of the neuropeptides substance P and calcitonin gene-
related peptide (CGRP) in the soft tissues overlying metacarpi after
treatment with focused or non-focused ESW (25).

Our results appear to be somewhat contradictory to the observa-
tions of another investigator who detected cutaneous analgesia of
the overlying skin during the first 72 h after application of focused
or non-focused ESW to the 3rd metacarpal bone in horses (25). In
that study, however, cutaneous sensation was assessed only once
every 24 h and an electric stimulus was used to test for local cutane-
ous analgesia (25).

In human medicine, shock wave therapy is often used to provide
relief in painful conditions at the soft tissue and bone junction, such

as tennis elbow, calcific shoulder tendonitis, or plantar calcaneal
spurs (9,12,26). The rapid improvement of clinical signs after shock
wave therapy is not usually accompanied by concurrent radiographic
changes and has been attributed to an analgesic effect that appears
to be independent of the healing response in tissues (9). Similar
observations were made in a study in horses with osteoarthritis of
the distal intertarsal and tarsometatarsal joints. Eighty percent of
the animals improved at least 1 lameness grade and 18% were com-
pletely sound at 90 d after a single treatment with focused ESW. No
signs of facilitated ankylosis or other changes in radiographic
appearance were evident at that time (13).

Haist and von Keitz-Steiger (27) proposed 3 hypotheses for shock
wave-induced analgesia in man: 1st, shock waves induce cell dam-
age and the peripheral nociceptors, therefore, can not build up a
membrane potential to transmit pain signals; 2nd, the nociceptors
are over-stimulated by shock waves and emit high frequency
impulses to peripheral nerve fibers, which are suppressed by a gate
control mechanism; and 3rd, shock wave-induced pericellular free
radicals induce the local release of unknown pain-suppressing
substances.

Direct effects of shock waves on peripheral nerves could indeed
contribute substantially to regional analgesia after ESW therapy. A
study in isolated frog sciatic nerves revealed repetitive generation
of action potentials during application of ESW (28). Although this
in vitro mechanism was believed to not be applicable to the distal
equine limb in vivo (25), it may be possible that ESW could result
in over-stimulation of peripheral sensory nerve fibers and that
signal transmission may be impaired by modulation via a gate
control-like mechanism (27). A study in horses in our laboratory
revealed a significant decrease in sensory nerve conduction veloc-
ity in palmar digital nerves after direct treatment with non-focused
ESW, when compared to untreated controls (29). Transmission
electron microscopy of treated nerves showed disruption and
separation within the myelin sheaths of large- to medium-sized
myelinated axons (29). The lack of a cutaneous analgesic effect in
our study, therefore, could possibly be explained by the absence
of peripheral nerves with large myelinated axons in our treatment
areas.

It has been recommended to avoid peripheral nerves, large blood
vessels, and growth plates when treating horses with ESW (16).
However, peripheral nerves appear often to be directly targeted
when shock waves are used to treat conditions in the distal limb,
such as navicular disease (15). Although clinical improvement of
navicular disease after ESW therapy has been observed (15), an
experimental study in horses failed to identify local cutaneous
analgesia in the heel area following ESW application to the palmar
digital nerves in the pastern (25).

In conclusion, our findings suggest that a single application
of non-focused ESW had no noticeable cutaneous analge-
sic effect in the equine metacarpus. However, clinical obser-
vations of post-treatment analgesia in humans and horses,
results of other experimental studies (25), and distinct changes
in directly treated peripheral nerves following ESW applica-
tion (29), indicate that this treatment modality should be used
carefully when treating equine athletes in training or before
competition.
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