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Extracorporeal shock wave therapy (ESWT) was
first introduced in the early 1980s as & non-
invasive methed for treating kidney stones. Over
the past two decades, this modality has been in-
creasingly used to treat a variety of musculoskelet-
at conditions in humans and veterinary patients.
Benefits of ESWT include: increased bone, tendon,
and ligament healing, accelerated wound healing,
anti-bacterial properties, and pain relief'. These
properties have led to ESWT use in the treatment
of chronic tendonopathies, delayed and non-unicn
fractures, chronic wounds such as diabetic ulcers,
and in the management of pain associated with
osteoarthritis ™.

Extracorporeat shock wave therapy is an acous-
tic energy modality. Shock waves can be created
by electrohydraulic, electromagnetic, and piezoe-
lectric mechanisms. The initiation of a wave that
rapidly rises in pressure, typically reaching a peak
pressure around 50 Mpa within 10 nanosecends,
followed by a period of negative pressure is com-
mon to all methods of shock generation. Shock
waves are highly focused (2-8 mm) and have a
predictable depth of penetration based on the
shock wave source. Extracorporeal shock wave
therapy is applied superficially, and waves enter
tissue and are absorbed or reflected. Energy is
released when a wave meets an area of high
acoustic impedance such as a bone-tendon inter-
face, Compressive and tensile forces result in
cavitation and mechanical micro-stress to cells and
tissue'.

The unit of energy used to measure ESWT is
mJimm?.  Therapeutic effects have been docu-
mented using energy levels between 0.0001 to 0.6
mJimm?.  Shock waves over 0.6 mJ/mm® have
been shown to have detrimental effects on tendons
in animal models. Administration of energy levels
below 0.12 mJd/mm? tends to be well tolerated by
patients; however, at higher levels, treatment can
be 1paénful, necessitating local or general anesthe-
sia’.

The exact mechanism of action of ESWT has yet
to be fully elucidated; however, the mechanical
stimulation of cells is hypothesized to result in in-
creased expression of cytokines and growth fac-
tors. Extracorporeal shock wave therapy applied to
an area of chronic inflammation may enable acute
inflammatory mediators to be released, facilitating
appropriate progression of healing. The mechan-
ism behind the pain-relieving function of ESWT is
thought to be due to increased seretenin activity in
the dorsal horn and descending inhibition of pain
signals’. For these reasons, ESWT has been used
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clinically in humans for the treatment of painful,
chronic  musculoskeletal conditions such as
Achilles tendinosis, lateral epicondylitis, supraspi-
natous tendonopathy, plantar fascitis, and patellar
tendonitis’.

Bench-top and experimental animal studies have
provided evidence in suppert of ESWT in the man-
agement of orthopedic conditions. For example,
ESWT has resulted in histologically increased vas-
cularization of the Achilles tendon and enhanced
spinal fusion in rabbit models®®. Clinical studies are
now being performed worldwide in order to en-
hance the evidence-based use of ESWT in prac-
tice.

Tendonopathies are often the result of repetitive
activity or overuse injuries and typically cause pain
and loss of full function. These conditions are typi-
cally non-inflammatory. Rather, degeneration of
the tendon fibers and insufficient vascular supply to
the area lead to loss of mechanical properties of
the tendon. Treatment of these conditions has
typically relied on physical therapy and/or surgery,
along with anti-inflammatory medications such as
non-steroidal anti-inflammatories or cortisone injec-
tions. HMowever, it has recently been appreciated
that therapies such as ESWT that are aimed at
increasing blood supply andfor inflammation may
actually enhance tendon healing®.

Achilles tendonitis is characterized by pain, swel-
ling, and increased vascularization of the tendon,
but current studies have shown that inflammation is
not involved in the pathogenesis’. A randomized,
double-blind, placebo-controlled clinical trial was
recently performed that evaluated the outcome of
ESWT in people with chronic Achilles tendonitis.
Patients received 2,000 shocks at 0.12-0.51
mJimm? or 0 mJfmm? once a week for four treat-
ments. While both freatment and control groups
improved over the study period {placebo effect),
significantly better functional outcomes were seen
in the treatment group at 8 and 12 post treatment.
However, although function improved with therapy,
ESWT did not affect pain. The authors postulate
that this was due to increased activity despite a
constant, tolerable level of pain’.

“Tennis elbow”, or lateral epicondylitis is a condi-
tion affecting 1-3% of adults, and is often the result
of minor frauma to the extenser muscles of the
forearm. This results in force transmission to the
muscular origins at the osectendinous junction of
the lateral epicondyle, the area becoming hypo-
vascular, and hypoxic degeneration of the tendon®,
This condition can be difficult to treat, although it
tends to be self-limiting over a period of months to
years. Several groups have investigated the ef-
fects of ESWT in treating this condition and have
found conflicting results’. Recently, Staples et al
hypothesisized that ESWT would result in de-
creased pain and improved function compared with
placebo control in patients with lateral epicondylitis.
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In this study, the treatment group received 2000
shocks at the maximal tolerated energy fevel once
a week for three weeks, while the control group
received shocks at subtherapeutic levels. Both
groups showed improved pain and function at 3
and 6 months post intervention, and there was no
statistically significant difference hetween the
groups.

The contradictory results in this study compared
to others may lie in different treatment protocols
and different mechanisms of shock creation (for
example: piezoelectric vs. electrohydraulic)®,
Treatment of plantar fasciitis and pateilar tendonitis
has also shown varying results in clinical trials’.
Further studies may be indicated to evaluate the
most appropriate dose (number of shocks and lev-
ef) and most effective mechanism of delivery in
treating chronic tendinopathies.

An additional benefit of ESWT is the mechanicai
dissolution of calcium deposits in tissue, and this
effect has been exploited not only in the treatment
of kidney stones, but also for the treatment of calci-
fying tendonopathies. A randomized, double-blind,
placebo controlled clinical trial was performed that
examined the effects of low energy (600 shocks,
0.08 mJ/mm?2) and high energy (1500 shocks, 0.32
mJdimm2) ESWT in the management of chronic
calcifying tendonitis of the rotator cuff in people'.
This study found that both therapeutic protocols
resulted in improved pain and function scores and
decreased radiographic appearance of calcium
deposits compared with placebo. Additionally, the
high energy group had significant improverments
relative to the low energy group™.

Extracorporeal shock wave therapy has been
demonstrated to increase osteobiast number and
activity through microtrauma-induced stimulation®.
Therefore, several clinical studies have been con-
ducted investigating the use of ESWT in the treat-
ment of complex fractures and delayed bone union.
In a randomized study of human patients with high-
energy fractures of the long bones, Wang et al
found that treatment with ESWT immediately fol-
lowing surgical repair (6,000 shocks, 0.62 mJ/mm?)
resulted in significantly faster fracture healing and
decreased incidence of non-union compared to
control (no ESWT treatment)''. Similarly, Schaden
et al showed that one treatment of ESWT resulied
in bony consolidation in 75% of human patients
with previous delayed or non-unions®.

Based on positive results seen in experimental
animal studies and human patients, the use of
ESWT has expanded to include veterinary patients.
Laverty and McClure published the first case series
of six dogs treated with ESWT?. Four dogs were
treated for fracture non-union, and significant pro-
gression in bone healing was seen in three of the
four dogs following ESWT. Extraccrporeal shock
wave therapy was used to treat ostecarthritis in two
dogs: one with bilateral hip dysplasia and cne with
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chronic elbow arthritis. Improvement in function
and decreased pain was reported following ESWT
of the hip but net the elbow.

To date, two prospective studies have been con-
ducted to examine the effects of ESWT in dogs'>".
The first report found that dogs with severe os-
tecarthritis of the knee that were treated with
ESWT had a trend toward improved knee range of
motion and peak vertical force compared to control
dogs; however, subjective assessment of function
by owners was not different between groups®™.
The most recent clinical trial demonstrated that
dogs with hip osteoarthritis treated with ESWT had
improved limb function as measured by peak ver-
tical force and vertical imputse ™.

Adverse effects of ESWT have been reported in
humans and animals and tend to be mild, including
erythema, bruising of the treated area, and tran-
siently increased pain and iameness foliowing
treatment’.  However, syncope and migraine
headaches were reportedly associated with ESWT
in one human study®,

As previously mentioned, protocols have not
been fully tested or established to determine the
most effective means of utilizing ESWT in humans
or animals. This modality is relatively new, and
further understanding of it's mechanisms of action
and therapeutic capabilities, along with establish-
ment of "best protocols”, will hopefully lead to more
consistent results in clinical trials and clinical prac-
tice in the future.
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