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Extracorporeal Shock Wave Therapy (ESWT) 
for Hip Osteoarthritis

Barbara Bockstahler DVM
Project Group Motion Analysis, Clinic of Surgery and Ophthalmology, University of Veterinary Medicine, Vienna, Austria

INTRODUCTION
Extracorporeal Shock Wave Therapy is a relatively new treatment modality for dogs. Since more than 25
years shockwave lithotrispy has been used for stone management in the ureter, kidney and bladder. When
investigating potential side effects of shockwaves on tissue during urological applications, researchers dis-
covered the potential of stimulating osteogenesis: the beginning of orthopedic applications of shockwaves.
In human medicine ESWT is used since more than ten years for the treatment of musculoskeletal disorders
such as tennis elbow and plantar fasciitis. More recently veterinarians discovered the potential of using
shockwaves to treat tendinopathies in horses.
In canine orthopedics ESWT presents a new treatment option for various orthopedic conditions in dogs.
Good results with ESWT have been reported by several veterinarians, but the number of controlled clini-
cal studies is still very limited today.
Shockwaves are soundwaves that are characterized by a very fast and steep rise in pressure followed by a
negative pressure period. As shockwaves travel well in liquids, a coupling media is used to transfer these
soundwaves into the tissue.

TECHNIQUES
Shockwaves can be transferred into the tissue in a focused and in a radial pattern. Different energy sources
are available to generate shockwaves.
❏ Focused shockwaves can be generated by: 

• electro-hydraulic energy
• electro-magnetic energy
• piezo-electric energy

❏ Radial shockwaves can be generated by:
• pneumatic energy

– Medical compressed air is used to accelerate with a high speed a projectile in a handpiece within a
very short time period. Once the projectile hits on the applicator inside the handpiece, a shockwave
will be created and transfer along the applicator into the tissue. 

– The focus of this shockwave is on the tip of the applicator. From there the shockwave is transferred
radially (spherically) into the tissue. 

– Thanks to the radial pattern, the energy density and the pressure decrease with deeper penetration
depth. 

Even if the mode of action of shockwave therapy is not completely clear yet, the following hypothesis have
been postulated by researchers:

– A short-term pain reduction may be based on a release of endorphins.
– A long-term pain relief may be caused by mechanical and chemical effects on a cellular level where

shockwaves start healing processes and modulate pain signals.

INDICATIONS
Orthopedic conditions suitable for shockwave therapy:
❏ osteoarthritis, i.e. 

• hip dysplasia, hip osteoarthritis
• elbow osteoarthritis
• knee osteoarthritis
• shoulder osteoarthritis

❏ tendinopathies
Shockwaves are contra-indicated for the use:

• directly after surgery (the treatment should not start earlier then 8 weeks post surgery)
• close to implants
• in acute conditions
• in acute forms of arthritis
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• in tumor patients 
• in the growth plate
• in patients with coagulation disorders

APPLICATION
The Clinic of Surgery and Ophthalmology at the University of Vienna uses a Radial Shock Wave Therapy
system (Swiss DolorClast Vet®; EMS Electro Medical Systems, Nyon, Switzerland) allowing a treatment of
canine patients without any sedation or general anesthesia.
After having shaved the treatment zone, a contact gel is applied on the area of interest. The veterinarian
selects the number of shockwaves, the frequency and the pressure according to the manufacturer’s protocol.
An example: when treating a dog suffering from hip dysplasia, the user applies 2,000 impulses with a pres-
sure of 2.0 bar and a frequency of 10 Hertz. The canine patient should be put in a lateral position that is
most comfortable for the dog.
The shockwave applicator must be hold perpendicular to the treatment site. It is important to have a light
application pressure while moving the handpiece slowly over the treatment area.
Most indications (including hip dysplasia) require up to three treatment with an interval of 7 up to 10 days
between the sessions.
At our experience pain relief might be delayed up to four weeks after the last ESWT session.
The following sides effects were observed:

• petechia
• swelling
• short-term aggravation of the problem 

Generally speaking these side effects disappear within 24 up to 48 hours after shockwave application.

CLINICAL EFFECTIVENESS OF RADIAL SHOCK WAVE THERAPY IN DOGS
The University of Vienna is currently conducting clinical studies to assess the effectiveness of Radial Shock
Wave Therapy (RSWT) in dogs with hip and cubarthrosis. Computerized gait analysis is used to evaluate
the treatment success of this new modality. Therefore, the ground reaction forces are measured by four force
plates that are mounted on a treadmill. Ground reaction forces (including peak maximal force, mean verti-
cal force and impulses) are assessed before the start of the therarpy and before every single treatment ses-
sion, one week after the last RSWT session as well as 1, 3 and 6 months post RSWT.
Preliminary data show significant positive effects for both indications: most animals with cubarthrosis expe-
rience an improvement of all three values already one month after Radial Shock Wave Therapy. The major-
ity of patients with hip dysplasia have got better impulse and mean vertical force values, especially one
month after the last treatment session.

CONCLUSION
Even if more scientific studies with more patients and a long term follow up are needed to evaluated the
effectiveness of this new modality, our preliminary treatment results suggest that Radial Shock Wave Ther-
apy is a good alternative treatment modality for dogs suffering from osteoarthritis.
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Reviewing The Biologic Effects: Radial And Focussed 
Shockwaves Induce New Bone Formation 

Authors: Maier M., Tischer T., Hausdorf J., Saisu T., Schmitz 
C. Munich, Chiba, Maastricht 

In recent years, extracorporeal shock wave application to the musculoskeletal system has been 
established in the therapy of non-unions. However, there is a controverse discussion whether both 
focused and ballistic (radial) shock wave devices lead to comparable new bone formation. Maier et 
al. used focussed shock waves with energy flux densities between 0 mJ/mm2 (sham-treatment) and 
1.2 mJ/mm2 were applied in vivo to the distal femoral region of rabbits (1,500 pulses at 1 Hz 
frequency each). To investigate new bone formation, animals were injected with oxytetracycline at 
the days 5 to 9 after shock wave application, and were sacrificed on day 10 after shock wave 
application. Application of shock waves with energy flux densities of 0.9 mJ/mm2 and 1.2 mJ/mm2 
resulted in new periosteal bone formation and the presence of cortical fractures and periosteal 
detachment. After application of shock waves with energy flux density of 0.5 mJ/mm2, however, for 
the first time clearly detectable signs of new periosteal bone formation were observed without 
cortical fractures or periosteal detachment. 
In 2004 the study group of Haupt described new bone formation in a rabbit animal model 
following radial shock wave application of at least 2000 pulses with 3 bar or 4 bar. 60 days after 
the treatment new bone formation was found. The activity was osteoblasts was described to be high 
with extended osteoid formation. Haupt et al. concluded from their rabbit experiment that radial 
shockwaves might be used in future times for the treatment of e.g. non-unions or diseases with 
decreased bone turn-over such as parodontitis. 
This present reviews actual basic science studies dealing with the effects on bone following focused 
and radial shockwave application. It seems to be possible that radial shockwaves have comparable 
effects on healthy bone as focused shock waves in an rabbit animal model. 
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Methods

Therapeutic Ultrasound (US)

Ultrasound consists of sound waves at
frequencies above the audible range for
humans (16 to 20 kHz). Ultrasound
frequencies of 0.5 to 5 MHz are used in
physical therapy.

Use of Ultrasound to Heat Deep Tissues

Ultrasound waves accelerate the motion of
molecules in tissue. This leads to an
increase in the number of molecular
vibrations and collisions, resulting in the
formation of heat, i.e., the conversion of
kinetic energy into thermal energy. The
degree of tissue heating depends largely on
the level of blood flow. In tissues with lots of
blood vessels (e.g., muscles), the heat
produced can be rapidly transported to
other regions of the body to avoid
overheating. Conversely, higher
temperature rises can occur in tissues with
poor blood flow (e.g., dense connective
tissue).

Hyperemia occurs when body tissues are
heated to temperatures of 40�45°C.
However, tissues should never be heated to
temperatures above 45°C as this can have
harmful effects. To produce a therapeutic
effect, the tissue temperature must be
raised for at least 5 minutes.

The application of deep heat to fibrous
tissues such as joint capsules, ligaments,
tendons and scars temporarily increases
the elasticity of these tissues and therefore
improves joint mobility. Unlike superficial
heat, which is applied using conventional
agents like hot packs, ultrasound is able to
deliver heat to deep tissue structures.
Moderate tissue heating provides pain
relief, reduces muscle spasms, and
promotes healing.

Pulsed Ultrasound

Unlike continuous ultrasound, which causes
tissue warming, pulsed ultrasound mainly
produces mechanical effects in tissue. On
the whole, these effects can be described
as a "micro-massage" of deep tissues.

Since ultrasound waves are almost fully
reflected by even the thinnest layers of air,
a suitable coupling medium must be placed
between the ultrasound transducer and the
skin for optimal transmission of ultrasonic
energy to body tissues. Commercial
ultrasound gel is ideally suited for this
purpose.

The transducer is slowly and gently swept
across the treatment area, preferably in a
circular or spiral motion. When using a 5 cm
transducer, the treatment area should be no
larger than 10 cm². If a larger area needs to
be treated, the treatment area should be
divided into fields of the appropriate size.

Fig. 1. Ventrodorsal view of
pelvis and hip of patient #1
(Golden Retriever): Dysplastic
proliferation is clearly visible in
the right femoral neck, and a line
of sclerosis can be seen in the
capsular attachment region. The
joint spaces appear to be
incongruent in both hips, but
more so on the right than on the
left. More severe sclerosis can
be seen in the cranial acetabular
margins on both sides

Coxarthrosis Case Study
by Barbara Bockstahler, Marion Müller and Eva Mlacnik

Hip dysplasia commonly leads to osteoarthrosis of the hip joint
(coxarthrosis), and these two diseases are two of the most
frequently encountered problems in veterinary practice. The
available treatment modalities are varied and range from drugs
to alleviate pain and inflammation to surgical techniques, such
as hip replacement, and various physical therapy measures.
Hip replacement is the treatment of choice in several cases, but
is not a feasible option in many cases because the pet owners
are put off by the high cost. If this is the case, it is essential to
establish a treatment regimen that alleviates the pain as far as
possible.

At any rate, the owner must be
advised that none of the
conservative treatment
modalities is a true alternative to
hip replacement, which is the only
way to eliminate the underlying
problem, and that the patient will
require intensive veterinary
attention and home care for the
rest of its life.

The case studies presented in
this article demonstrate two
alternative approaches to
treatment of coxarthrosis: radial
extracorporeal shock-wave
therapy and therapeutic
ultrasound.

Case 1
Signalment and History

Two-year-old female Golden
Retriever

The dog was brought to the
outpatient physiotherapy unit of
the Surgery and Ophthalmology
Clinic of the Veterinary Medical
University of Vienna (VMU) for
evaluation in June 2003. The
owner reported that his dog had
started to show clear signs of
lameness of the hind legs after
exercise

This was a particular problem for
the owner, who liked to take the
dog on cross-country runs of two
hours duration or longer
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Fig. 2. Swiss Dolor Clast Vet (EMS
Electro Medical Systems,
Switzerland) system for radial
extracorporeal shock-wave
therapy. User interface designed
for easy adjustment of the number,
frequency and pressure of applied
shock waves. The applicator is
lying on top of the device.

Dynamic ultrasound is most commonly used
in therapeutic indications. The main
advantage of this form of US is uniform
warming of the treatment area, which is
important for avoiding adverse effects.

Dose

The dose level depends, on the one hand,
on the type and severity of the disease
treated and, on the other hand, on the
individual patient's response to treatment.
As a rule, low doses are used for acute and
superficial disease processes, and higher
doses are used for chronic and deeper
conditions. Intensities of 0.5 to 1 W/cm²
(continuous US) and 1.5 W/cm² (pulsed US)
are generally recommended. Acute to
subacute conditions normally require
shorter series of treatments at shorter
intervals, whereas chronic conditions
require longer series of treatments at longer
intervals.

Note: The values listed here should be
regarded as general information only, and
may vary depending on the type and
severity of the disease and the patient's
response to treatment in each individual
case.

Radial Extracorporeal Shock-Wave Therapy
(ESWT)

Although relatively new in small animal
medicine, ESWT has been used to treat
various orthopedic diseases in humans and
horses for several years. In ESWT, relatively
high-intensity pressure waves are focused
at the affected joints.

The exact mechanism responsible for pain
relief is still unknown. ESWT is thought to
cause micro-lesions in the deep tissues,
stimulate healing, and improve tissue
regeneration. Another hypothesis is that
ESWT leads to the release of endorphins
that are at least partly responsible for the
analgesic effect of treatment. Naturally, the
expected regeneration does not take place
within a few days. Our findings in a
controlled study with pressure
measurements suggest that a positive
response can generally be expected 4 to 12
weeks after the ESWT treatment cycle.

Instead of the more common ESWT
systems that produce focused shock-waves,
a radial ESWT system is used at the VMU
Surgery and Ophthalmology Clinic. Since
radial shock-waves produce lower energy
densities, it is possible to carry out the
treatment without anesthesia.

Physiotherapeutic/ Orthopedic
Examination

The patient exhibited a swaggering
gait and grade 1 lameness of the right
hind leg in the gait analysis. Palpation
of the joints revealed moderate pain on
extension and rotation of the right hip,
and mild pain on extension of the left
hip. The muscles were well developed;
no muscular atrophy could be
detected.

Radiographic Examination

Plain radiographs revealed signs of hip
dysplasia, which was more severe in
the right hip than left, with secondary
changes indicative of coxarthrosis

Interpretation of Findings

The patient exhibited the typical signs
and symptoms of coxarthrosis. It was
gratifying to note that the muscles of
the hind legs were very well developed
due to intensive exercise.

Physical Therapy

In this case, extracorporeal shock-
wave therapy was used instead of
electrical stimulation, which has also
achieved good results in other cases
(patient #2).

ESWT Method and Treatment Protocol

A radial extracorporeal shock-wave
therapy system (Fig. 2) was used to
treat both hips at 7 to 10-day intervals
for a total of three sessions using 2000
shock waves per session {?} at a rate
of 15 shocks/second and a pressure of
2 bar.

The patient was prepped by shaving
the hair in the region of the hips.
Contact gel was applied to ensure
good transmission of shock waves into
the tissues. The patient was placed in
a lateral position, and the applicator
was gently swept across the treatment
area in a circular motion (Fig. 3).
Anesthesia was not required. The
treatment was well-tolerated, although
the dog was a little restless while the
first 400 shock-waves were being
applied, especially in the dorsocaudal
region.

Course and Further Treatment

The owner could not detect any
improvement of the dog's condition in
the first 2 weeks after treatment. He
had continued to take the dog on
cross-country runs and, afterwards,
she still developed the signs of
lameness described above.

In a case like this, it is important to
make the owner understand that a dog
with coxarthrosis has a lower exercise

limit and that exercise activities must
be adjusted to meet the dog's needs.
Still, it is hard to convince some
owners that such measures are
necessary.

In the case of the Golden Retriever,
the owner agreed to reduce the
duration of the cross-country runs by
50 percent.

The orthopedic follow-up exam one
month after the last treatment session
did not reveal any signs of lameness
or pain on manipulation of the hips.
The owner was able to return to the
former training schedule at that time.

At the follow-up examinations 3 and 6
months after extracorporeal shock-
wave therapy, the owner reported that
the dog now had no problems after
running, and the orthopedic
examination was normal.

Fig. 3. Extracorporeal shock-wave
therapy: The applicator is gently
swept across the treatment area in
a circular motion.
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Fig. 5. Therapeutic ultrasound: The transducer is
gently swept across the shaved region in a gentle
circular motion.

Treatment Protocol and Methods

Case 2
Signalment and History

Seven-year-old female Bernese
Mountain Dog weighing 48.3 kg

The dog was brought to the Surgery
and Ophthalmology Clinic of the
Veterinary Medical University of
Vienna (VMU) for evaluation in June
2003 a few days after the owner
started to notice signs of lameness in
his dog�s left hind leg.

The orthopedic examination revealed
grade 2 lameness of the left hind leg
and moderate pain on extension of
the left hip.

Radiographic Examination

Plain radiographs revealed severe
bilateral coxarthrosis, which was
more severe in the left hip than in the
right.

Physiotherapeutic/ Orthopedic Examination

In addition to mixed grade 2 lameness of the left hind leg, the initial examination
revealed slightly reduced flexion and extension of both hips, whereby the left
hip was worse than the right.

The dog's muscle development was generally poor. In addition, the
circumference of the left thigh was somewhat smaller than that of the right
thigh. A slight degree of pain was noted on extension of the left hip. The
muscles of both thighs seemed to be tense; muscle tension was also noted in
the lumbar region. Regarding the gait analysis, a bit of swaggering and
stiffness could be observed when the dog was walking and running.

Fig. 4. Ventrodorsal view of pelvis
and hip of patient #2 (Bernese
Mountain Dog). Both femoral heads
appear to severely enlarged and
deformed, with more severe changes
on the left side. Dysplastic
proliferation of the femoral neck was
also detected on both sides, and was
worse on the left than on the right. In
particular, sclerosis is more severe in
the left craniolateral acetabular
margin. Both sockets are slightly
flattened.

Interpretation of Findings

This patient also exhibited the typical
signs and symptoms of coxarthrosis.
The muscular atrophy in the left hind
leg could be accredited to a long
degenerative process. The generally
poor development of the patient's
muscles, on the other hand, could be
attributed to obesity and a general
lack of exercise.

Weight reduction: Since the patient
was clearly overweight, she was put
on a regimen of diet and physical
therapy. A commercial low-calorie
dog food was used (Iams Restricted
Calorie Formula®, Iams Company).
The patient was scheduled to reach
the target weight of 42.5 kg within 6
months, corresponding to a loss of
1% body weight per week.

Exercise: In addition to the diet
schedule, the owner was also
advised to start a home exercise
program designed mainly for muscle
building and improved mobility, but
also to promote weight loss.

We generally recommend that all our
patients with coxarthrosis receive
uniform exercise stress�for
example, controlled walking on the
leash, walking or jogging (as far as
the physical condition of the patient
and owner allows)�and that the
owners avoid sudden stopping and
turning (e.g., when the animal is
jumping) to prevent strains and to
avoid aggravation of the existing joint
problems.

Before starting a training program, we
ask the owners to keep a record of
how long and how often they walk

their dog for a few days. They are
also asked to note the type of surface
(woods, asphalt, etc.) and terrain
(flat, hilly, etc.) they walk on. Most of
our clients take their dog out for two
to three short walks and one longer
walk each day, and the walking
problems generally tend to occur
after the longer walk. We therefore
recommend that they more evenly
distribute the animal's exercise, e.g.,
that they take the dog on a larger
number of short walks.

The Bernese Mountain Dog treated in
this case was started on a schedule
of three 15-minute walks per day, and
the exercise level was gradually
increased by 10% each week. The
owner was instructed to do a short
warm-up consisting of massage and
passive motion exercises before
each walk. We also recommended a
short massage after the walks.

Physical therapy: Therapeutic
ultrasound (see lexicon) was our first
choice for conservative coxarthrosis
treatment in this case. Both hip
regions were shaved and treated with
pulsed ultrasound delivered at an
intensity of 1 W/cm² (Fig. 5).
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Here are some internet links to the Publisher of the original article

www.veterinary-medicine.net
www.parey.de
www.der-veterinaer.de

Translation into English of an Article in the German Periodical �Kleintier Konkret�
by Enke Publishing House in MVS Medicine Publishing House Stuttgart GmbH & Co. KG  2/2004

Fig. 6. Transcutaneous electrical nerve
stimulation (TENS) with the PT 2000 unit. The
E-pads are positioned craniodorsal and
caudoventral to the hip joint.
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Course

A total of 12 ultrasound treatments
were carried out at intervals of 3 to 4
days. Improvement of symptoms was
observed after the third treatment
session. At the orthopedic follow-up
examination conducted 8 weeks
later, no pain was evident on
manipulation of the hips, no signs of
lameness could be detected, and the
muscle circumference of the left thigh
was significantly improved. The
range of motion assessment still
showed reduced flexion and
extension of the hips.

In the following two months, the dog
continued to lose weight, and the
owner was able to significantly
increase the duration of walks. No
further therapeutic measures were
carried out at this time.

Towards the end of the third month, a
recurrence of hip pain was noted
during rotation and extension
movements. We then decided to start

electrical stimulation therapy, i.e.,
transcutaneous electrical nerve
stimulation (TENS) using a PT 20
dev ice (S+B medVET,
Babenhausen).

The unit was set to Program 5 with
pulse modulation. The E-pads were
positioned diagonally, craniodorsal
and caudoventral to the hip joint (Fig.
6). Significant improvement of
symptoms was observed after 5
treatments. Lameness could no
longer be detected by adspection,
and the range of motion of both hips
was significant improved. Home
treatment with the TENS device
(PT20) could have been considered
right from the beginning. In that case,
we recommend that the owner
conduct one treatment daily for 4
days (or until significant improvement
of symptoms is observed, for a
course of at least 2 treatments) as
described above. The treatment
intervals should then be extended to
2 times a week for 3 to 4 weeks (until
the symptoms subside).
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Shock Wave enhanced neovascularisation 
at the Tendon-Bone Junction: 

An Experiment in Dogs 

The purpose of the research was to study the phenomenon of neovascularization at 
the Achilles tendon-bone junction after low energy shock wave application. The 
study was performed on eight mongrel dogs. The control specimens were obtained 
from the medial one-third of the right Achilles tendon-bone unit before shock wave 
application. Low-energy shock waves of 1000 impulses at 14 kV (equivalent to 
0.18 mJ/mm2 energy flux density) were applied to the right Achilles bone-tendon 
junction. Biopsies were taken from the middle one-third of the Achilles tendon-
bone junction at 4 weeks and from the lateral one-third at 8 weeks, respectively, 
after shock wave application. The features of microscopic examination included 
the number of new capillaries and muscularized vessels, the presence and 
arrangements of myofibroblasts and the changes in bone. New capillary and 
muscularized vessels were seen in the study specimens which were obtained in 4 
weeks and in 8 weeks after shock wave application, but none were seen in the 
control specimens before shock wave application. There was a considerable 
geographic variation in the number of new vessels within the same specimen. 
Myofibroblasts were not seen in the control specimens. Myofibroblasts with 
haphazard appearance and intermediate orientation fibers were seen in all study 
specimens obtained at 4 weeks and predominantly intermediate orientation 
myofibroblast fibers at 8 weeks. There were no changes in bone matrix, osteocyte 
activity and vascularization within the bone. Two pathologists reviewed each 
specimen and concurrence was achieved in all cases. The results of the study 
suggested that low-energy shock wave enhanced the phenomenon of 
neovascularization at the bone-tendon junction in dogs. 

Authors  
Ching-Jen Wang, MD--Department of Orthopedic Surgery, Chang Gung Memorial Hospital / 
Kaohsiung Medical Center,Kaohsiung, Taiwan 
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High-Energy Shock Waves 
for the Treatment of Non-unions: 

An Experiment on Dogs 

Several surgical as well as non-surgical modes of treatment of non-unions have 
been advocated in the literature. In an effort to achieve bony union in a new 
noninvasive way, we experimentally investigated the treatment of non-unions with 
extra corporeally induced high-energy shock waves. With use of a modified canine 
nonunion model, two randomized groups of five dogs each were set up to obtain a 
treatment and a control group. Shock waves were applied with the Osteostar 
(Siemens A.G., Germany), a specially designed, experimental, transportable, high-
energy shock wave apparatus. Each of the dogs in the treatment group received 

4000 shock waves of 0.54 m J/mm2 (14.5 kV), which were applied at four pre 
selected sites, lying symmetrically on the dorsal and ventral sides of the nonunion. 
During the course of the experiments, the dogs were monitored radio graphically. 
Immediately after the shock wave treatments no radiographic changes could be 
detected. All of the treatment group dogs reached radio graphically observable bony 

union 12 weeks after the shock wave treatment. In the control group, four dogs had 
radio graphically persistent non-unions at termination of the study. Statistical 

analysis with Fisher's exact test (two-sided; P 0.05) demonstrated the significance 
in outcome between the two groups. We conclude that hypertrophy non-unions in 
dogs can be treated successfully with extra corporeally induced high-energy shock 
waves. The results of this study may justify the application of shock waves for the 
treatment of certain types of non-unions, provided a specially designed shock wave 
apparatus is used for this purpose. We think that it may become a reliable, non-
surgical, alternative for the treatment of certain types of non-unions. 
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The effect of 
extracorporeal shock waves 

on joint cartilage 
- an in vivo study in rabbits 

 
 
Abstract: 
 
The application of extracorporeal shock waves has become a new mode of 
treatment for affections of the locomotor apparatus such as calcifying tendinitis, 
epicondylitis humeri radialis, calcaneodynia and pseudarthrosis. The treatment 
often takes place in the vicinity of joints. Up to now no systematic data have been 
published about possible side effects on joint cartilage. In an in vivo study the 
effect of extracorporeal shock waves on joint cartilage was evaluated in 24 
immature New Zealand White rabbits. The left lateral femoral condyle of each 
animal was treated with 2000 shock waves of 1.2 mJ/mm2; the right condyle served 
as control. Macroscopical, radiological and histological analysis at 0, 3, 12 and 24 
weeks after treatment showed no pathological changes in the joint cartilage. We 
conclude that extracorporeal shock wave treatment does not cause damage to the 
joint cartilage of growing rabbits. 
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An experimental study 
on the application of 

extracorporeal shock waves 
in the treatment of tendon injuries: preliminary 

report 

Abstract: 
The use of low-energy extracorporeal shock wave therapy (ESWT) has recently 
been introduced in pseudoarthrosis, fracture, and wound healing for both clinical 
and experimental purposes. In this study, we created an experimental rat model to 
investigate the histopathological and biochemical effects of ESWT in the healing 
of tendon injury that may accompany fractures. Twenty-eight rats were used for 
the histopathological investigation. The right achilles tendon of the rat was cut and 
then sutured, using Modified Kessler stitches method. Five hundred shock waves, 
set at 14 kV, were applied to the achilles tendon under fluoroscopic guidance. 
Fourteen rats that underwent a sham operation served as the control group. 
Biochemical studies were done on 20 rats, divided into four groups of 5 rats in 
each. The first and second groups received 500 shock waves, at 14 kV, after the 
cutting and repairing of the Achilles tendon. To measure hydroxyproline levels, the 
rats in the first and second groups were killed on postoperative days 3 and 9, 
respectively. The third and fourth groups served as controls. Hydroxyproline levels 
were found to be high in the study groups. The histopathological findings and the 
increased hydroxyproline levels revealed that ESWT may facilitate tendon healing 
after trauma. 
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By Marcia King 
First humans, 
then horses, 
 now dogs. 
Veterinarians 
in Europe and 
the United 
States are investigating the 
benefits of extracorporeal 
shock wave therapy (ESWT) 
in dogs, particularly for 
improving bone healing, 
improving recovery rate and 
providing long-term pain relief 
from chronic orthopedic 
disorders. Results suggest 
ESWT will have important 
applications for canine 
veterinary medicine, parti-
cularly at referral centers. 
 
History of ESWT 
"Traditionally, shock waves 
have been used for lithotripsy 
where urinary calculi are 
broken up so they can be 
passed," said Scott McClure, 
DVM, Diplomate ACVS, PhD., 
(veterinary physiology), 
assistant professor equine 
surgery, Iowa State University. 
"The same technology, when 
used at the appropriate 
energy levels, can stimulate 
blood flow, stimulate bone 
remodeling and potentially, 
[have] other effects that are 
presently being investigated. 
The pressure waves can be 
focused at tissue within the 
body; the tissue between the 
surface and focal point is not 
affected."  
The mechanisms by which 
shock waves initiate their 
effect are not completely 
understood. "There are stud-
ies showing cellular effects 
such as the stimulation of 
production of cytokines by 
osteoblasts in vitro, and 
neovascularization of the 
gastrocnemius tendon in vivo, 
although the interrelations and 
mechanisms are not known," 
Dr. McClure said.  
First used in 1992 for human 
orthopedic applications, 

ESWT established itself as a 
useful tool for nonunion and 
delayed union fractures. 
"Eventually, orthopods started 
using this technology for soft 
tissue problems such as 
tennis elbow, rotator cuff and 
shoulders," said Jens Stabler, 
MD, director of business 
development at HMT Health-
Tronics Services, Inc, 
Marietta, Ga., manufacturers 
of EquiTron and VersaTron 
ESWT machines for horses 
and small animals.  
German and Swiss research-
ers soon began exploring 
veterinary applications of 
ESWT, and by the late 1990s, 
ESWT was also being studied 
and used in the U.S. "Dr. 
David McCarrol at Interstate 
Equine Hospital near Goldsby, 
Oklahoma, was the first 
veterinarian in the U.S. to 
utilize this therapy," McClure 
said. "Dr. McCarrol reported 
on the use of ESWT for bone 
spavin in horses where he 
found that 80 percent of the 
horses improved one or more 
grades of lameness following 
treatment." 
Jack Snyder, DVM, Ph.D., 
Dipl. ACVS, University of 
California, Davis, who has 
used ESWT in the clinic and 
on horses at the 2000 Sydney 
Olympics, reports such pos-
itive results in treating chronic 
suspensory ligament lesions 
and metacarpal stress 
fractures that he has not 
performed a single stress 
fracture surgery since August, 
1999, when he began using 
ESWT ("Shock Wave 
Learning," by Stephanie L. 
Church, The Horse Magazine, 
May, 2001).  
Clinical trials demonstrated 
ESWT is effective at repairing 
or treating a variety of equine 
bone and ligament problems, 
including bone spavin, navi-
cular, stress fractures, 
suspensory desmitis, pedal 
osteitis, ringbone, strained or 
bowed tendon, bucked shin, 

keen chips, slots, loose stifles 
and arthritic joints.  
McClure has done studies in 
both horses and dogs and 
found "very positive clinical 
results" when treating equine 
suspensory desmitis. Those 
include improvements of at 
least one grade of lameness 
in many navicular cases with 
responsive horses remaining 
improved for one year or 
beyond, and good results in 
cases of stress fractures. In 
1999 while at Purdue 
University, McClure and Peter 
H. Laverty, DVM, visiting 
instructor, veterinary clinical 
sciences, treated six dogs, 
mostly nonunion fractures, in 
an attempt to stimulate 
healing. "Three dogs with 
delayed or nonunions pro-
ceeded to a bony union after 
treatment," McClure said. "In 
two dogs with arthritis, one 
appeared to improve and one 
did not. More studies need to 
be done, and more cases 
need to be treated to 
determine the best appli-
cations in small animals." 
In 2001, Darryl Millis, DVM, 
Dipl. ACVS, associate 
professor at the University of 
Tennessee, Knoxville, used 
ESWT on a 10-year-old 
shepherd mix. "This was a 
hopeless case," he said. "The 
dog has severe arthritis in its 
elbows [about 15 degrees 
range of motion] and very 
painful hips." Antiinflammatory 
drugs had not been helpful. 
"The dog would literally walk 
about 20 feet and have to sit 
or lay down. He would not 
trot." After treating the hips 
twice and the elbows once, 
Dr. Millis said the owners 
reported the dog was moving 
much more freely in the 
backyard and had jumped up 
on its hind legs to take food 
from the table. "There was 
moderate improvement. We 
have to keep in mind the 
severity of this dog's condition; 
I would not expect the dog to 

be normal." But Millis 
emphasized, "It is extremely 
important that clinical trials be 
performed before beginning 
such therapy on a wide-
spread basis." 
At Tierklinik Rupphübel, 
Beinwil am See, Switzerland, 
Magdalene Hauri, DVM, 
began using ESWT in 
October, 2000, in dogs in her 
practice—to date, about 80 
dogs have been treated. In a 
presentation of her case 
studies to the 2001 ACVS 
Symposium this past October, 
Dr. Hauri noted ESWT 
obtained favorable results in 
mending shoulder, hip and 
elbow disorders, and provided 
significant pain relief (although 
not resolution) for chronic hip 
dysplasia and osteoarthritis. 
"In general, we were very 
surprised about the positive 
results," Hauri said. "We were 
most astonished. It was 
incredible." According to 
Hauri, a 3-year-old boxer had 
severe front lameness from 
OCD in the left shoulder and 
right side. Four weeks after 
the last treatment, the dog 
was climbing mountains every 
weekend. A Swiss mountain 
dog had arthrosis of the 
elbows, limped after walking 
for 20 minutes and cried out 
after little jumps. Two weeks 
after treatment, the dog 
jumped without problems and 
walked for an hour without 
incident. A 10-year-old Hova-
wart had problems getting up 
because of hip dysplasia in 
both hips and strong arthrosis. 
One day post-treatment, it had 
no problem in mobility. A 7-
year-old Malamute with 
tendonitis of the biceps on 
both sides. One treatment, no 
lameness.  
 
Case after case, success 
after success. 
Canine Applications 
Currently, there are three 
types of ESWT machines: 
electrohydraulic, electro-
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magnetic and piezoelectric. 
"Basic research projects show 
different outcomes with 
different machines, but they 
also used different energy 
levels which clouds the issue" 
McClure said. "The electro-
hydraulic machine is the type 
that was approved for use in 
heel spurs by the FDA. It is 
also what I have been using." 
Hauri uses an electrohydraulic 
machine, as well. "The 
machine uses focused shock 
waves, which have been 
shown to be effective in 
humans," McClure said. 
"Some machines use 
unfocused shock waves, 
about which little data is 
available and which create 
pressure pulses that are not 
close to the energy of the 
focused systems." 
The same machine can be 
used on large animals, small 
animals and humans. "Same 
machine, different techni-
ques," Dr. Stabler said. "You 
choose the energy settings, 
shock waves applied and 
entry windows, depending on 
what part of the body you are 
treating." 
Shock waves can vary from 
uncomfortable to very painful 
(although not lasting), so the 
animal is usually heavily 
sedated or given a short-
acting anesthesia and has its 
hair clipped. There may be 
some reddening of the skin 
where the probe was placed. 
Treatment takes only a couple 
of minutes. One or two follow-
up treatments are usually 
done, performed about three 
weeks apart.  
With the technology coming 
from human and equine 
medicine, the energy levels 
are still being fine-tuned for 
dogs. Additionally, there are 
options involving the energy 
level and number of 
treatments, Hauri said. "For 
chronic problems, you can use 
a higher dosage and give one 
treatment versus having the 
dog come in for repeated 
treatments," she said. "But 
high energy is very painful so 
sedation is necessary. Some 
owners prefer a lower energy 

with no sedation and come in 
more often." 
It's still too early to know how 
long the analgesic effects will 
last for conditions such as 
arthritis and hip dysplasia, for 
which ESWT provides pain 
relief but not resolution. Hauri 
found two or three treatments 
usually suffice. "But four 
months ago we treated a very 
heavy rottweiler with very bad 
elbows on both sides," she 
said. "He was very unsupport-
ive, couldn't stand and was 
always lying down. We treated 
him once, both sides at the 
same time, and so far, he is 
doing marvelously." Some 
dogs are still doing well 14 
months post-treatment. "But in 
our own 13 1/2 -year-old 
boxer that has a bad hip and 
arthritis in the elbow—the 
worse case I saw we 
successfully treated her but 
the effects of the treatment 
started to fade after six weeks. 
She will need another 
treatment." 
"My guess is for chronic 
conditions like arthritis, the 
dog will probably need a 
booster treatment every year 
or so," Stabler said. "Although 
there are drastic clinical 
improvements, we're not 
making the osteoarthritis go 
away." 
ESWT is "clearly beneficial to 
stimulate hypertrophic non-
unions," McClure said. 
"Healed bone is healed. 
ESWT has some benefit in 
relieving pain associated with 
arthritis and/or hip dysplasia 
for an unknown period of time. 
It may be able to delay total 
hip replacement, as it can 
actually stimulate remodeling 
and alleviate the need for 
replacement of total hips with 
aseptic loosening."  
"We want to offer well-
rounded possibilities for the 
treatment of lameness in 
dogs. ESWT is now indispens-
able in our practice," Hauri 
said. 
ESWT In Practice 
Having used ESWT in her 
private practice since 2000, 
Magdalene Hauri, DVM, Bein-
wil am See, Switzerland, finds 

the technology is helpful for 
the following conditions:  
- Osteochondrosis of the shoulder 
- Bone healing  
- Tendonitis suprascapularis  
- Old ununited fracture of the toes  
- Epiphysitis of the elbow  
- Arthritis of the elbow without 
  surgery or after surgery  
-- Spondylosis deformans  
- Hip dysplasia  
- Pseudarthrosis after resection of 
  the head of the femur  
- Osteochondrosis of the stifle  
- Arthrosis of the stifle  
"We treated three fractures of 
the little bones of the paw," Dr. 
Hauri said. "They healed very 
quickly. We used ESWT in 
cases where we think the 
bones wouldn't heal without 
surgery. We've had good 
success with osteochondrosis 
of the shoulder, chronic 
inflammation of the tendons, 
spondylosis deformans and 
elbow problems; there is not a 
lot of muscle and fat around 
these areas, and treatment is 
always effective. It's much 
more of a problem in the hip, 
sometimes a bit of a problem 
with the localization of the 
head of the machine."  
 
Recent Studies on ESWT  
Continued studies expect to 
offer more insight into how 
long the effects of pain relief 
should last and to yield 
canine-specific parameters 
regarding the amount of 
energy levels and frequency 
of treatments for specific 
problems. The University of 
Wisconsin will be studying 
doing a control study matching 
ESWT against a NSAID, said 
Jens Stabler, MD, director of 
business development, HMT 
HealthTronics Services, Inc. 
Studies at Iowa State 
University are continuing in 
both equine and canine 
applications, specifically 
controlled studies of 
suspensory ligament healing 
in horses and analgesic 
effects of shock waves in 
multiple species. The 
University of Tennessee, 
Knoxville, may also do further 
trials. 
The price of the machines is 
dropping: A larger EquiTron 

originally retailed for about 
$110,000, but now HMT is 
introducing a smaller model, 
the VersaTron, which will cost 
less than $50,000. Cost to the 
client per treatment in the 
United States is still 
undetermined. Scott McClure, 
DVM, Diplomate ACVS, 
Ph.D., (veterinary physiology), 
assistant professor equine 
surgery, Iowa State University. 
believes an ESWT treatment 
will cost about $500 per visit. 
Cost effectiveness to the client 
for chronic conditions might 
come down to the 
cost/number of treatments 
versus the cost of analgesic 
for that same period. 
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