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Hyperthermia and ShockWaves: New Methods
in the Treatment of Sports Injuries
Arrigo Giombini, Vittorio Franco, Alberto Selvanetti

Definition of Hyperthermia

Hyperthermia is the therapeutic technique which
raises a pre-established part of the body to a tempera-
ture range between 4r,5"C and 45'C, and maintains it at
this range, for a given period of time.
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Introduction and Histori(al Ba(kground
of Diathermy

The primary rationale for the employment of thera-
peutic heat in physical medicine is the inducement of
blood flow (BF) increase, which is anticipated to occur
with the increase oftemp€rature in the treated region.

This rationale is so because the mechanism for heal-
ing is thought to be highly dependent upon the trans-
port of blood-nurturing substances and removal of
toxic waste products Ir ]. The secondary rationale is the
increase of the metabolic rate of a specific tissue vol-
ume, assuming that this behavior is comparable to îhe
increase ofthe overall body metabolic rate on the basis
ofa r3c% increase per degree above the normal temper-
ature Iz].

Shortwave (27.33 MHz) and microwave (245o MHz)
diathermy, together with ultrasound therapy, have been
used over the decades as maior heat methods for stimu-
latingvarious beneficial physiological responses, and for
the relief ofa variety ofpathological conditions.

Despite thewidespread use oflhese methods in rou-
tine clinical practice, it appears that the major problem
has been the lack ofa correct scientific approach in the
design and use of diathermy apparatus for optimal re-
sults,

lnterest in the interaction of electromagnetic (EM)
energy with biological tissues dates back to the first
man-made EM sources. A. D'Arsonyal, a French physi-
ologist, found in 1892 that currents offrequency roKHz
or greater would produce an increase of temperature
without painful muscular contractions [3].

The word ?iathermy'was introduced by Nagel-
schmidt in r9o7 to describe the relatively uniform heat-
ing produced in the tissue by the conversion of high
frequency currents into hear [31. Between rgoo and r935
in fact, physicians were using high frequency currents
ofbetween o.5 - 3 MHz and ro MHz (long-wave diather-

my: rr8 cm in muscle tissue at ro MHz) for the above

PUrPoses.
In 1928, EM radiation as high as roo MHz (short

waye diathermy: 2.7 cm in muscle tissue at roo MHz)
was being produced by Esau, and used clinically by
Schliephake [3]. Holmann in r939 discussed the possi-
ble application of radio-waves ofz5 crn wayelength for
therapeutics, and predicted that these waves could be
focused to produce heating ofthe deep tissues without
excessive heating of the skin [3, 4].

The first therapeutic application of microwayes was
at the Mayo Clinic (USA) in r94ó by Krusen and Leden,
and involved the exposure of test animals to 65 w of
3ooo MHz radiation (microwave diaîhermy: r.45 cm at
3ooo MHz). Despite the fact that the average tempera-
ture rise was greater in the skin and subcutaneous fat
than in the deep muscle tissue, this work launched the
use ofmicrowave diathermy for application to ph)'sical
medicine [5, ó]. It musî be remembered, how€ver, that
these conclusions were based on the use ofmicrowaves
in dogs, which have thinner layers of subcutaneous fat
and muscle than humans.

As a result of this study and the research done at
MIT (Massachusetts Institute of Technology) in r947,
the FCC (Federal Communications Commission) as-
signed the frequency of 24joMHz to physical medicine
based on its alleged superiority in therapeutic value.

In r95o, Schwan demonstrated that 2450 MHz was
not a good choice of frequency for the following rea-
sons [7]:

Schwan recommended a frequency ofgooMHz or less.
Lehmann and Guy, between Ì9óo and 198o, verified ex-
perimentally that gooMHz or lower frequencies could
produce better heating patterns than obtained with
z45o MHz orwith otler natural and technological heat-
ing modalit ies Is, 9].
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tig,2. Transient temperature and experimental and numerical
blood flow rate (BFR) responseat siteofxenon iniectiondepot.
(From {281)

It is curious to rote that there is no signifìcant improve-
ment in BFR in the range oftemperature from 37'C (av-
erage normal temperature) to 41'C and onlyhyperther-
mic temperatures above 4r"C are effective in producing
significant hyperemia in the tissue targets.

Physics and Heating Technology Comparison

ln 1972, Johnson and Guy published data regarding the
main factors determining the energy absorption in hu-.
man tissues Iro]. Dielectric properties of the tissues,
size, geometry, and depth, togetheÌ wiîh amplitude,
frequency, duration, polarization, size, and shape of
applicators, as well as space and coupling between the
applicators and the tissue, are mandatory elernents for
transferring electromagnetic energy at depth to pro-
duce a proper heating effect.

It must be stressed tlat tlle heating effect is mainly
due to the atlenuation of transferred energy in tissue.
Energy attenuation is a complex phenomenon due to
the interaction of dielectric tissue properties (dielectric
constant, conductivity, dissipation factor, permittivity),
which vary as a function ofthe frequency [3r], (Fig.:).

As the frequenry ofthe energy transferred in the tis-
sue increases, the dielectric constant of the tissue de-
creases and the conductivity increases. So the higher
tJ.re frequency is, the higher is the attenuation of tle en-
ergy transferred in the tissue and consequendy the
lower is the penetration depth. The penetration depth
is the depth at which the electromagnetic field is re-
duced to 3z% and the pon'er to 1496. Tablestand z clari-
fy the ratio between Frequency (FQZ) and tissues with
high and low water content.

The heating pattern in tissue is synonymous witll
the specific absorption rate (SAR) pattern. The SAR,
mandatory for the evaluation of the heating efficiency
of all hyperthermia applications, is physically defined
as "the time deriyative of the incremental energy ab-
sorbed by an incremental mass contained in a volume
element of a given density" (NCRP l98r: National
council on Radiation Protection and Measurements).

The applicator efficiency can be quantified by mea-
suring the sAR in the sagittal and coronal planes or on
a given surface parallel to the applicator plate (effective
fields size: EFS) and at depth perpendicularly to the ap-
plicator plate. The result of each of the three measure-
menîs gives a graphic design representing an isothetm
showing the energy transferred from applicator into
the tissue.

These studies are generally performed on phantoms
having the same dielectric properties as human tissues

l rz l .
It is strongly recommended to avoid FQZ and apgli-

cators since, due to difficult coupling and poor homo-

Fig.3. Dielectric properties val/ as a function offtequency. er,
dielectric constant; o, conductivity; €r, dissipation factor.
(From [31])

Tablcl. Muscle, skin and tissues with high rdater content

I-ble2. Fat, bone and tissues with low water content
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geneity of absorbed energy, hot spots are produced-
Hot spots are in fact points at which the energy dePo-
sition is much higher than that absorbed in the irra-
diated volume, which raises temPerature over 48/
50"c.

One has to remember that temPerature distribution
is also a function of thermal diffusion, blood circula-
tion and time. Since the heating/SAR Pattern may vary
considerably over a three-dimensional volume, due to
the geometrical shape, and tissue comPosition of the
body section to be irradiated, strong attention may be
paid to the average size, depth, and tissue tyPe of the
targets usual\. treated in rehabilitation.

With the exception of the hiP joints, aYerage depth
in physical medicine goes from 1 to 5 cm, average size
goes from a few cubic centjmeters to 2oo-3oocm'and
tissues to be heated are rnainly muscles and tendons
with respectively high and low blood perfusion.

Since 1966, a group of researchers, led by Lehmann
and Guy, investigated the heating Patterns ofeach tech-
nology or method used to increase the temperatu.e in
physical medicine during clinical practice [33].

ln fanuary r974, a masterPiece qfthe contemPorary
TheraPeutíc Applicatíon of Electrornagnetic Poeer,
published in the Ptoceedings of the IEEE Transaction,
made a comparison between different heating modali-

ties like hot packs, i nfrared lamp, short-wave diather
my (27.13MH2), microwave diathermy (z45oMHz), and
microwave diathermy (915 MHz with surface cooling:

hyperthermia PrototyPe). Each heating Pattern of the

above modalities has been inYestiSated, measuring the

muscle temperatures every r cm (approximately) from

the skin to 4-5 cm at dePth in a thigh [2ó]. The results

confirmed that:

On the other hand, ultrasound (US) technology for
physical therapy does not permit ideal HT treatments,
and consequently an ideal increase of blood flow rate,
due to the physical behavior ofsound waves on human

tissue, the presence of hot spots, discomfort [34-3ó],
and low power energy usable in commercial equip-
ment.

The ldeat System for Proper Heating Patterns
on Human Tissues

The choice of the ideal heating system depends on the
medical requirements as regard to the theraPeutic ef-
fects produced by hyperthermia. Physical medi€ine re-
quirements dictated from physiology and physics ap-
plied to human tissues to produce effective hyperther-
mia treatments are subjected to the average thlee-di-
mensional target volumes, the average dePth and the
average tissue damage ofthe lesions.

For this reason, a modern hyperthermia system for
thermotherapy in orthopedics, sports medicine, and
rheumatology needs the following characteristics:

A.ctually, the medical equiPment market offers devices

with such requirements. Currently used in oncology

for the treatment of superficial cancer [:z-+ol, these

hyperthermia systems have been developed to in-

crease and maintain the temPelatule qf a target vol-

ume ofup to 3oo - 4oo cm3 from 4r.5 to 45"C at a dePth
o f r - 5 c m .

Figure 4 shows hyPerthermia equiPment built ac-

cording to the 43192 EEC (European Economic Com-

munity) rules, suppliedwith a microwave Powergener-
ator at 434MHz, an aPPlicator at 434MHz with a water

bolus, a temperature-contlolled system for invasive
and non-invasive îemperature measurement and spe-

cific software to control and memorized the temPera-
ture reached in the treated target.

The heating of three target volumes Placed at three

different depths, calls for a progressive increase of

power (watts) followed, within certain limits, by a low-

ering ofthe water temPerature (WT), necessaryto low-

er the temperatures of the surface tissues.
If the target is very superficial (< ro rnm), the water

bolus will be maintained at a temPerature cìose to the
target temperature, to facilitate the heating patterns
produced at depth by lhe electromatnetic energy.

Temperature sensors placed at the surface or' if
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tig.4. Hyperthermia equipment sùpplied with a microwave
power g€nerator at 434MHz (Alba Sysrem)

needed, at depth, measure the temperature reached in
the target and give feedback to the computerized sys-
tem to optimize each hyperthermia tleatment.

Regarding the safety and quality requirements dic-
tated b)r government, it is important to note that some
ISM (industrial scientific medical) frequencies are dif-
ferent in the EU (European Union) compared with the
USA. The frequency of 434MHz is allowed in the EU
and is forbidden in the USA, while 9r5MHz is allowed
in the USA and is forbidden in the EU.

Therapeutic Applications of Hyperthermia

Hyperthermia equipment is used to treat both acute
and chronic conditions, to facilitate healing and for the
reliefofpain. The rationale ofhypertherm--ia as a ther-
apeutic method in physical medicine has been sup-
ported by Lehmann (r97o-1983) and Weinberqir
(t989- 1992) with studies made on animals and ùu-
mans, The use of hyperthernia in musculo-skeletal
pathologies produces one or more ofîhe following ef-
fects:

A fewexperimental studies have shed some light on the
clinical efficacy of microwave diathermy.

In an experimental study, Lehmann investigated the
methods of elongating collagenous tissue to produce
maximum length increase under therapeutic condi-
tions [221. He demonstrated îlìat îhe exclusiye use of
heat or stretch does not produce elongation of the rat
tail tendon, whereas combining rhe application of a
sustained load and temperature of 45"C, produces sig-
nificant residual length in the tendon.

ln clinical practice, tlerefore, it seems reasonable to
tleaî contractures using heat at therapeutic tempera-
ttires, (from 4fC to 45"C) while applying sustained
stretch, and to maintain this stretch 'nell after the heat-
ingperiod, in order to retain theachieved elongation.It
is common practice to use heat to treat joints which
have been damaged by trauma or disease.

In the last decade, a growing body of clinical evi-
dence suggested that a local deep microwave hyper-
thermia (LDMWH) may be of therapeutic value in
treating patients with different rheumatic conditions,
because it has the advantage ofheating the target organ
(e.g., synovium), inhibiting several enzymatic systems
(e.g., collagenase, cyclo-oxygenase, etc.), while sparing
the surrounding tissues [4r, 4z].

In particular, the beneficial effects of LDMWH were
demonstrated by Weinberger et al. [43] on seven rheu-
matoid arthritis patients with knee effusion who were
treated with a 9r5 MHz device for r h twice a week for
z weeks, reaching an intra-articular temperature of
4r.3"C. Walking time for 50feet, knee circumference,
pain score index, together with synovial fluid sarnples
were determined before and after each treatment.

The results demonstrated an improvement in the
walking time (P= o.o4) and a significant decrease in
pain (P=o.or) at the end of treatment.

The exact mechanism of the hypertherryria effect in
inflammatory joint diseases is not completely under-
stood. It was suggested thaî an increase in tissue temper-
ature up to 42"C might cause an intracellular metabolic
arrest with an inhibition of DNA and protein synthesis,
accompanied by an enhanced permeability of the cell
membrane, A decrease in hyaìuronate synthesis at 42"C
has also been demonstrated in synovial f luid f4fl.

The efficacy and safety of LDMWH was furtler con-
firmed in a study on normal and Zymosan-induced ar-
thritis in rabbits 1441. It was demonstrated that a re-
peated therapeutic dose of hypertlermia at 42.j"C Íor
r h is well tolerated by the periarticular mesenchymal
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tissues and that after rmonth, no damage could be ob-

served in normal rabbit knees, whereas in the arthritic
joints it brought about a reduction in the degree of
pranulomatous reaction, decreasing the inflamrnatory

f,.o""tt.
Muscle injuries quite often involve the develoPment

of intramuscular hematomas and these are a common

occurrence in the athletic population [q:]. So' during

the resolution phase, the PurPose ofthe Physical thera-

Dy is to accelerate the healing process and the absorp-

iion rate ofthe hematoma. Even if heat application has

been advocated by several authors to accelerate this

resolution, no exPerimental data were available until

1983, when a study showed that selective heating ofthe

muscle couìd increase the rate ofintramuscular hema-

toma absorption [46].
Lehmann [4óÌ, first quantified the resolution rate of

hematomas produced in the musculature of experi-

menîal animals comparablein size tohumans; hemato-

mas in the biceps femoris muscle were created in Pigs
bv bilateral iniections ofblood, labeled with CRsI' One

side was treated with microwave diathermy at 915MHz
and the other side was used as a control.

The results demonstrated that tissue temPerature

achieved at the treated hematoma site was in the thera-

peutic range between 42'C and 45'C, the oPtimal tem-

peratrue to elicit a maximal local vascular resPonse lr'

ao1. A dec"y curve for tlle radioisotoPe, showed that

the time to the half-life value was significantly shorter

for the treated side. This study supPorts the use ofheat

as an adiunct to other theraPies aimed aÎ resolution of

muscular hematomas.
In a recent clinical study, the efficacy of hyperther-

mia at 434MHz in the early treatment of muscle iniu-

ries in a group of ó2 Patients was evaluated and com-

Dared wiih conventional diathermy like ultrasound

ia7l, (Fig.5). All the patients underwent Pain measure-

ment with a VAS scale and ultrasonography before' at

the end, and after l month.
The results demonstrated how the Percentage of im-

provement was greater in the grouP treatedwith hyPer-

thermia together witll a faster resolution of the hema-

toma after zweeks oftreatment, as compared with the

ultrasound group. There were neither comPlications

nor reoccurrences at the follow-up in thehyPerthermia
group while two reoccurrences and one calcification

óccurred in a case ofpectoralis major injury in the ul-

trasound grouP.
This investiSation confirms that h'?erthermia at

434MHz is a highly innovaîive, safe, and reliable meth-

od in the treatment ofacute sPort muscle injuries. The

use of local hyPerthermia (LH) has also been recently

advocated in the treatment ofneuroPathies' Compres-

sion ofîhe median nerve in a fibro-osseus canal on the

palmar surface ofthewrist is on€ ofthe most frequent-

lv described tunnel syndromes.
A recent study evaluated the efficacy of hyPerther-

mia as a treatment in 32 Patients affected by Primary
carpal tunnel syndrome (CTS), comparing the clinical

results with instrumental examinations such as elec-

troneurography (ENG), ultrasonography (US)' and te

letermography (TTG) l+8ì.
The results demonstrated an imProvement in the

clinical score in 9o7o ofîhe Patients treated, and in ENG
(P< o.05), especially in the conduction velocity of the

sensory median nerve in tle third and the fourth fin-

gers. The treatment was equally highÌy effective in the

group that received only five applications instead often.

tig.5, Hyperthermia aPPlica-
t ion in a case ofmedial gas-
trocnemius mus€le iniurY
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The indication for LH in the management of carpal
tunnel syndrome could be questioned, since there is no
controlled study comparing LH with the other widely
accepted methods of treatment (e.g., local infiltration
witl corticosteroids or hand surgery). However, LH is
not an invasive procedure and these primary results
support its use in the early stages ofCTS, in particular
wbenever standard treatments are contraindicated.

The use ofheat methods in the treatment oftendon
injuries has long been an accepted part of treatment
protocols [49]. A wide yariety of methods, including
ultrasound and lasers are still employed to treat tendi-
nopathies. Such methods are claimed to decrease in-
flammation and promote bealing, but there is onlylim-
ited eyidence as yet to support many of these claims

Iso] .
Treatment of any organic medical condition is ideal-

ly based on an understanding of the pathophysiology.
Unfortunately, chronic overuse tendon conditions in
atlletes have been treated as inflammatory conditions
when the histopathology clearly reveals, in most ofthe
cases, degenerative tendinosis. Of course, many etio-
logical factors may lead to degeneration, thereby re-
ducing the tensile strength of the tendon.

There is evidence suggesting that decreased arterial
blood flow, with resulting local hypoxia and impaired
metabolic activityand nutrition, maybe the keyfactors
I5r, 5zl, together with a failed cell matrix adaptation to
excessive changes in load [53].

A study recently reported on the effectiveness ofhy-
perthermia at 434MHz. in the treatment of 67 athletes
affected by chronic painful tendinopathies, compared
with an ultrasound-treated group [54]. Both groups
were clinically (VAS scale) and instrumentally (ultra-
sonography) evaluated before, at the end and after
rmonth.

The hyperthermia group showed a significant re
duction of pain (P<o,oor) with a percentage of im-
provement of ó8% as compared with the ultrasound
group. The overall outcome, based on the resolution of
pain and return to sports activity, demonstrated excel-
lent andgood rcsults in 87% ofthe hyperth€rmia group
compared with 43% ofthe ultrasound group. The early
results of this study are encouraging, supporîing the
use ofhyperth€rmia in the treatm€nl ofchronic tendi-
nopathies.

Unfortunately, in this study the ultrasonography
imaging was unabl€ to demonstrate significant
changes in tendon structure, due to its technical and
diagnostic limitation and because of the short follow-
up, despite the fact that many authors have suggested
that in chronic tendinopathies the healing process is
best indicated by relief ofpain and abnormal imaging
was absolutely compatible with excellent clinical re-
sults [55]. Ifmicrowaves at 434MHz are to continue to
be used as a therapeutic method, it is clearly essential

that their efficacy must be evaluated witl further well-
designed controlled studies, in a variety ofclinical con-
ditions, as well as with long-term follow-ups.

Conclusions and tuture Directions

h is particularly curious, tÌlat experimental and clinical
work on the use of electromagnetic power to produce
therapeutic temperatures (range 4r-45'C), demon-
strated by sorne authors more than z5years ago, have
nothad, until today, a large following from the physical
medicine world community.

In most countries, including the USA, heat therapy
is still performed utilizing devices such as ultrasound,
short wave or microwaves and lasers ofdifferent pow-
ers, although the physical characteristics of such sys-
tems have been proved to be inefficient to reach the
necessary therapeutic heating levels in the range of
depth qfthe damaged tissues.

Recently, in a few EU countries such as ltaly, Spain,
and the UK, h)?erthermia equipment, operating at a
frequency of 434MHz and developed according to the
requirements described by Lebmann and Guy in the
r98os, andbythe EECin tìe r99os, have been employed
for clinical use in sport traumatology, rheumatology,
and sport medicine,

After z. years of clinical work and analysis of almost
3oyears ofworldwide scientific literature on the use of
heat in physical medicine, it is our opinion that this hy-
perthermia equipment will permit a beîter compre-
hension of the biological mechanisms which regulate
the relationship between the thermal dose and the
healing process of soft tissues with low or high water
content or with low or high blood flow perfusion.

The knowledge of the in situ real time blood perfu-
sion rate increase during a hyperthermia treatment, to-
gether with the in situ tissue sample biopsies per-
formed at the end ofa hyperthermia treatment session
or cycle will be ofparamount importance to better de-
fine the biological cell response to a heat ?ose',

Up-to-date advanced scientific work on hyperther-
mia in cancer therapy is now suggesting a fascinating
association between hyperthermia andantiioflamma-
tory drugs to potentiate each other's therapeutic ef-
fects, thanks to the increased (several fold) cell uptake
of drugs which happens at high temperatures com-
pared with normal temperature {so]

Extracorporeal Shock Waves in Orthopaedi<s

In r98o, the first patient with renal calculi was success-
fully treated wirh minimally invasive extracorporeal
shock wave lithotripsy (ESWL). Since then the medical
field of application ofthis form ofenergy has been ex-
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tended. The most recent result ofthe medical and tech-

nical developrnent of application is extracorPoreal

shock wave therapy (ESWT) for the treatment ofortho-

oaedic pathologies.
At túe begin-ning of the r99os the first rePorts were

published on the use of ESWT beyond nephrolithiasis

and colelithiasis. Tbe sonic sources and systems em-
ploved in ESWL and ESWT are very similar, which is

no wo.rder, as the first ESWT trials were undertaken

with conventional kiclney and gallbladder lithotrip-

Îors.
Valchanov and Michailov [57] and Sukul et al. [58]

inaueurated ESWT for t}le treatment of delayed and

non--union of fractures, describing local decortication

and fragmentation with stimulation of osteogenesis.

These pósitive aspectswere corroborated by Haist et al.

[59], who noticed bony consolidation in J2 out of 40
cases with a pseudoarthlosis. In case rePorts, Dahmen

et al. [60] and Loew and furgowski [ór] achieved good

results in calcifying tendinitis ofthe shoulder.
The indications for ESWT are ProgressiYely moving

to cover a large Part ofthe rest of the tendinous Pathol-
ogies, especially at the insertional areas, and their l jm-

it i of application, on the bone side of the orthopaedic

diseases, have already reached the field ofosteochond-

ritis and osteonecrosis ofthe hip and the knee as a new

promising technique of treatment'

Definition

A shock wave is scientifically defined as an acoustic or

soriic wave, at the waYe front of which the Pressure
above atmospheric rises from ambient Pressure to

maximum pressure (amPlitude) within a few nanosec-

onds (ro-e). Current theraPeutically used pressure am-

plitudes, range between roMPa and more than rooMPa

iezl (rMpa= robar, approximately tenfold atmospher-

ic pressure). As a shock wave ProPagates at a specific

speed - as do all sonic waves - determined bythe medi-

um in which it ProPagates and the intensity of the

shock wave itself, one can calculate the shock front

thickness. This is the sPatial dimension between the lo-

cations where the Pressure amPlitude has been

reached. In tissue, for examPle, the shock front thick-

ness is in the rang€ ofr.5-ó pm {631' During transition
o( for example, a cell wall, which has a thickness of a

few molecular layers, significant forces can already

come to bear on the wall, as there are immediate differ-

ences in pressure in front ofand behind it. The pressure

gradient, i.e., the change in pressure between two loca-

tions, reaches its maximum at a given wave amPlitude
in the shock front as compared with other forms of

sonic signals, e.g., sinusoidal ultrasound'

5ources

In practice, all extracorporeal shock wave (ESW) 8en-
erators consist of an electrical energy source' an elec-

troacoustic conversion mechanism and a device for fo-

cusing the sound waves.
There are three melhods ofgenerating shock waves,

namely by piezoelcctic, electrohydraulic, or ele€tro-

magnetic means,
Without entering into a detailed discussion on the

technical daîa about the ESW Senerators, it is imPor-

tant to know that rhe electrohydraulic system Produces
high energy ESW, but with marked oscillations in the

values of the energy flux density through the tissues'

which do not remain constant during the Îherapeutic

application. They need a sPark electrode to work, but a

fast deterioration in use reduces its life to about rooo

sparks [e4, 65] before the electrode needs to be

changed, while a single application, lasts some thou-

sands ofimpulses, on average.
The piezoelectric device is very precise and has a

long tife, but, in spite ofa very soPhisticated technolo-

gy, produces only low-energy ESW, often requiring, re-

peated treatments to reach the desired result [04]'
The more actual electromagnetic generators are

mainly differentiated into two types because of their

shapes: flat and cylinder coils. The average value of

pressure, €xpressed ih terms of energy flux density, is

"lmost const"nt and the coil is a very longJasting de-

vice,
To achieve a specific eflect, the sound waves must be

focused. When cmPloying Point sources (e'g., sparks)

or cylinder sources, a focusing mirror is used. When

employing areal sources,lenses or a selffocusing appli-

ance ofpartially spherical shape are used.

EsW in Medi(al Pradl(e

Shock waves employed in medical practice are charac-

terized by high positive pressures uP to 80 -roo MPa

and negative pressures of5 - ro MPa Furthelmore, they

have a ;hort rise time of3o-rzons and a shorter Pulse
duration (5 Fs),. In contrast to ultrasound, shock waves

have low frequencies. Just in this resPect, there is less

absorDtion by thetissue. Moreover, the shock waves are

applied with a lower rePetition frequency ofr - u, maxi-

mum aHz, which means that theyhave alowtime-aver-

ated intensity. The only thing that can be said for sure

is that the shock wave does not cause tissue warming

Iooì. None ofthe known shock wave effects ale due to

thermal effects.
During the ESWT, it is imPoltanl to know the ener-

gy dose administered for each treatment- All the au-

thors, under a general agreement, distinguish the ESW

into high-energy waves and low-energy waves; the leYel
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ofenergy turns out to be a complex parameterwhich is
defined by the ratio between the applied power and the
tissue density [ó4, ó7].

Treatments with intermediate and high energy lev-
els produce energy flux densities which range from
those used for treatment of nephrolithiasis to many
times this energy level, i.e., densities from o.3Z to
tzmllrnmx, This form of treatment nearly always re-
quires analgesia or anesthesia. The indications are rep-
resented by pseudoarthrosis and sorne species oftendi-
nosis calcharea,

Low-energy treatment employes rcc)6-2o96 of the
dose used for renal calculi, i.e., densities between o.o8
and o.z3 mJ/mm2. ln most cases anesthesia or analgesia
is not required. The low energy range is rnainly reserved
for the treatment oflocalized soft tissue disorders.

Modes of Action

Regarding tlte action of shock waves on tissue, four
Dhases have been Dostulated;

Many ofthe shock wave tissue interactions are not yet
completely understood.

Several theories have been formulated to explain the
mechanism of action of ESW on bone-related soft tis-
sue Dain:

Direct Effects. Direct effects are mechanical effects
caused by temporary positive pressure amplitudes dur-
ing the propagation of a pressure pulse. The stabiliry
under load ofthe material (tissue) may be exceeded at
the interface between the materials with different
acoustic impedances. At such interfaces, the shock
waves lead to changes in the excursion, which result in
tensile and shearing loads. In soft tissue, where there
are no great differences in acoustic impedance, the di-
rect effects ofshock ìdaves do not appear to play a sig-
nificant role.

Cavitation. The definition of cavitation is: expansion
and oscil lation of gas-fi l led cavities (pre-exiir ing as
cavitation nuclei) due to the tensile portion of a pres-
sure wave with subsequent collapse. The cavitation re-
sults in mechanical and chemical effects:

The discussion as to which ofthe aboye types ofeffect
is responsible for the biological effects is currently still
under way.

In experiments on cells in suspension, Brùmmer
[68] and Smits [ó9] found a cell damage patrern which
is dependent on the number of shock waves and the
shock wave energy applied:

Therefore, there seem îo be two possible modes of ac-
tion in tissue; direct effects, or those caused by cavita-
tion.

To understand the mode of action of the ESW on the
bone tissue we need to consider their mechanical ef-
fects on the bone trabeculae. When the shock wave hits
the anterior surface ofa trabecula, because the imDed-
ance inside it ( l l  medium) is lower compared with the
one outside it ( l medium), at the level oithe I interface
(I medium/II medium), part of the energy is reflected
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back (stretchint force;, while tie remaininS energy (

.oio."tt ine foi*l udvances through the trabecula (l l

rniaíu-f tJ..*ft tite Posterior surface of it uP to the II

i"i"tf*" Or mediumit medium), where the acoustic

i-p"à"o"à gtuai""t is inverted and the reflected wave

is negallve.
litt " t.u"t ofUoth interfaces, the cavitation bubbles

are formed and are then subrnined to a deforming

lompr"ssion by th" gradient ofpressure' with a conse-

quent reduction of the volume and increase in energy;

ii"r-.oU"pr" ptogt.ssively, the anterior wall hit by the

"i.'.f. *"t" intro-flects, while the Posterior wall is ex-

i.oflected bv the stretching components' until the bub-

ùt"-i.t""t.t p"* of,he stoied energy generating th-e 'iet

í."1-t altÉ","a toward the gradual shattering of the

trabeculae.---e..oraing 
to Sukul and fohannes [58] these effects-

on the boneitructures are comparable to the effects of

út'froti ipw on Uan.y and gallbladder stones' ln ùe Iit-

"r"to."i tit"."r rtlpothesei have been considered:

Steinbach [66] observed that in the focus center' the

endotelial celli were no longer monolinearly neJ<t to

;;;-;"" but were scatter;d around' partly ripped

don n to tha b"tit"-ma and unica muscularis' A fur-

ther effect was an increase in the fibrillic actin content

iniie "ncl"telial .ell; the closer the cells had been to the

focus, th" greate. the fibri l l ic actin contenl in the cyto-

plasm (so-called stress fibers develoP due to a varrety

liì i i"-f i l . owing to the increased content of f ibri l l ic

u.ti., i.t tn" ""aotttelial cells, the latter retract and the

ini".."lt tt"t ai"t"".es increase, which might explain a

hieher vessel PermeabilitY'"' i i-,,t 
" pit.nornenon of neoangiogenesis might be

related to the Presence of chemiotactic factors! very

close to the ESAF (endothelial stimulating angiogene-

tic factor), released by the stress fibers'

ESW has important effects on nerYes ano nerve

cells. tt coul l Ueiypothetically assumed that the mode

oiu.tion i, Uu""aón a direct mechanical effect oflhe

shock wave on the axon membrane in the sense ot an

incr"ase in permeability with consecutive depolariza-

tion and triggering ofan action potential Howevel' rt

.oo.".t -oià proÉable that a cavitation-based effect

pijy, " ,ol. in ihe triggering of the cumulative action

potentials. A hyperpolarization of the neurons is
'achieved 

by means oi shock wave treatrnent' whereby

.n.n"r*, àependency was discovered' ie' '  the higher

ih" "n"i*t oi the emined shock wave' the Sreater the

pot"rl""íon. ftt"t. effects lasted for approximately t h

lfter the shock wave. During hyperpolarization' a

stimulus is necessarywhich is larger than that required

before shock wave Îreatment, to excite an action Poten'

ii"t. Wtretire. this effect could play a role in palliative

therapy will require further study'

lndications and Protocols of Therapy

From the first rePorts of{alchanou and Michailov Ilz]

who inaugurateà high energy ESWT for the treatment

ofdelaveiand non-union fractures, the clinical indica-

tions ha.,e been largely expanded toward other ortho-

paedic disorders, both in hard tissue Pathology' i'e '

i","o"".toti. and osteochondritis or the problemsof

ori"oin*"eratio" at the m€tal-bone interface of tlte

ioor" i"rn""n,r.tt ptosthesis, snd the soft Îissue Pathol-

osies, i.e., almost atl the insertional tendinit is and ent-

hesopathies or muscles stralns'- 
iit.r" i" a general agracment among the authors

tr,ui i lgtt.n"t;y treat;cnu should be reserved for

bone aifections whereas low encrgy ESWT is the most

indicated treatment for goft tissues lesions'

Durins soft tissuc thcraPies, usually without any-

for- oi?ttulg"tia or ancathesia, the application o-f

,fro.f. t""""t ii "tto barcd on a sort of'pain feedback"

bv askins the paticntwhen he recognizes his symPtom-

"íotosy,ina tLe qurlity end the site ofpain; but it must

"l,navhsb" remembcrcd that there are alSogenic struc-

turei, i.e., the Pcrlort.um of the superfìcial bones or

i[e sensitive nervc bundles, easily stimulated by the

ESW: their activetion rlweys induces strong Pain and rt

might confuse thc oPcrltor' For this reason it is imPor-

i;;;-À; "t in-linc icographic aiming device is avail-

able to precisely indivldurte the site of pathology'---itr" 
i,igtt .n.rgy ESwT almost always requires pain

control by means ofanrltltic/anesthetic treatment An

irnue" in;"ntin.t it abroiutcly necessatyto Position Îhe

io.r" oi tn" Esw riSht on thc Eite of pathology' other-

wise it is imPossible to indlvldurtc it exactly'

Pseudarthro3lr

Delaved union is defined whcn a fracture is not healed

.omítetelv within +months' Healing that does not haP-

o"n i"iinií o-ontfts is called pseudarthrosis' Congeni-

íJìor-. of pr"udurthrosis are known According to

radiological criteria, Pseudoarthrosis can be hypertro'

oiì. "i""ttoprti.. rrte present studies show tbat EswT

i. ". i i"ai." ',"a i" .ases of congenital non-unions' and

ii,"t ,"ruttt are better in hypertlophic forms than in

atroDhic ones.-'-ii" 
"-"."f *ftemes according to Russo et al [7oì

distinguish between small bones and other bones'---ir,-ift" 
nr", .ut", ,wo applications' the latter 24 - 48h

after, 4ooo impulses' o 7 - t 'o ml/mm2' are recom-

mended.


