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I. Introduction

Extracorporeal shock wave treatment is a technique

for gaining various therapeutic effects using shock 

waves produced outsided body [1]. It starts from 

extracorporeal shock wave lithotripsy (ESWL), a 

revolutionary non-invasive technique emerged from

the mid of 1980s in treating stone diseases [2,3], in 

particular, in the urinary system [4]. Principle of 

ESWL for kidney stone diseases is illustrated in 

Figure 1 with HM3 (Dornier, Germany), the first 

clinical model. ESWL is now a routine clinical use 

and currently is the first choice of treating stone 

diseases. More than 90 % of the patients with kidney

stone diseases are treated with ESWL alone or with

ESWL combined with other auxiliary methods [5].

Clinical success of ESWL led to attempts trying to

applying shock wave energy to the other areas of

medicine. For instance, cytotoxicity effects of shock

waves on cancer cells were observed, showing that

shock waves had potential for tumor therapy [6]. But

shock wave tumor therapy still remained in research

level and has not successfully led to clinical use, 

yet. On the other hand, they discovered incidentally

that patients receiving ESWL experienced reduced

back pain as well as increased bone density and 

showed new tissue growth in the treated area. These

findings led to further research into orthopeadic 

applications of shock wave, proving that shock 

waves promoted healing of tendinopathies [7] and 

stimulated bone growth [8,9]. This formed a new 
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Abstract

Extracorporeal shock wave therapy (ESWT) is simply evolved from extracorporeal shock wave lithotripsy known as a revolutionary 
non-invasive technique for treating kidney stone diseases. Since ESWT was approved for treating plantar fasciitis by FDA in 2000, 
it has been rapidly accepted into various clinical practices. Its indication includes chronic tendinitis and pseudoarthrosis, and has 
been widened to various applications other than orthopeadics. Little has been reported on their acoustic properties, yet, even if 
a number of clinical ESWT systems are readily available. This article reviews the acoustical aspects of ESWT and discusses critical 
issues towards acoustic exposure optimization and shock wave dosimetry.
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Fig. 1. Principle of ESWL illustrated with HM3 (Dornier, Germany) 

of the first clinical system.

Fig. 2. Extracorporeal shock wave treatment: evolution to ESWT 

from ESWL.

Fig. 3. Schematic of ESWT for plantar fasciitis.

technique combining orthopeadics and lithotripsy [10], 

named ‘orthopeadic lithotripsy’, in short, ‘orthotripsy’ 
[1]. It gave birth to an offspring of ESWL, now 

known as Extracorporeal Shock Wave Therapy 

(ESWT) [11]. Figure 2 graphically summarizes the 

evolution of ESWL to ESWT and extent of their 

indication.

ESWT was approved for clinical use in plantar 

fasciitis by FDA in 2000 and since then it becomes 

rapidly accepted in clinics [12]. Figure 3 demonstrates 

schematically shock wave irradiation to the site 

causing plantar fasciitis. Indications of ESWT cover 

shoulder, elbow, heel, non-union bones [13,14] and 

have been continuously widened to various areas 

including wound healing, obesity therapy and cardiology 

[15,16,17].

Although the obvious clinical success of ESWT, 

action mechanisms behind ESWT are not clearly 

understood, yet. Without doubt, the clinical efficacy 

of ESWT is closely associated with shock wave 

exposure  and the clinical efficacy of ESWT may be 

optimized by controlling the acoustic output from 

ESWT devices. The acoustical aspects need to be 

clarified for investigating mechanisms through which 

therapeutic effects are obtained in ESWT. This 

article aims to review the acoustical aspects of 

ESWT and to discuss some critical issues towards 

optimization in shock wave exposure and in shock 

wave dosimetry.

II. Extracorporeal Shock Wave Therapy

ESWT is now regarded as an efficient alternative 

non-invasive procedure for orthopedic treatment 

on tendonitis, calcifications and pseudoarthrosis. ESWT 

may be positioned between former unsuccessful 

conservative therapy and surgery. The clinical role 

and significance of ESWT are displayed in Figure 4, 

based on the data obtained from 60,000 patients in 

Germany between 1997 and 1998 [1]. About 75 % 

of the patients treated with ESWT was reported to 

be free of complaints and improved. Compared to 

conventional surgical treatments, ESWT offers distinctive 

advantages such as out patient treatment, short 

treatment time, reduced risk compared to surgery, no 

general / partial anesthesia, no special post treatment 

and no scars [1,18].

Indications of ESWT include calcific tendonitis 

of rotator cuff (shoulder calcification), lateral 

epicondylitis (tennis elbow) plantar fasciitis (heel spur), 

pseudoarthrosis (non-union fractures), dorsal heel 

spur, haglund’s exostosis, medial epicondylitis (Golf 

elbow), supraspinatus tendon syndrome, achillodynia, 
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Fig. 4. Clinical role and significance of ESWT based on the data 

obtained from 60,000 patients in Germany [1].

Fig. 5. Indications illustrated for a domestic (Korean) clinical ESWT 

system (HYDRON-EZ, HnT Medical, Republic of Korea).

patellar tendonitis (jumper’s knee), trochanteric 

insertional tendonitis [1,19]. Figure 5 shows an 

example of depicted indications with a domestic 

(Korean) clinical ESWT system (HYDRON-EZ, HnT 

Medical, Republic of Korea). ESWT has steadily 

expanded its applications to pain management, 

obesity treatment, wound healing and cardiological 

applications. [1,20]. 

Action mechanisms of ESWT are not clearly revealed, 

yet, but they may include [1]: (1) structural damages 

where high energy shock waves break up the 

calcium deposits on the calcified tendon resulting 

in revascularization or neovascularization, and 

stimulate pseudoarthrosis fracture sites, resulting 

in osteogenic effects, (2) stimulation of metabolic 

reactions where mid or low energy shock waves may 

alter membrane permeability of cells, and (3) analgesic 

effects where hyperstimulation by mid or low energy 

shock waves to axons that trigger pain may produce 

analgesic effects.

III. Shock wave production

A shock wave generator is composed of pulse 

power supply, shock wave transducer and a device 

for focusing shock waves [21,22]. Figure 6 shows 

an equivalent circuit diagram for a shock wave 

generator excluding focusing devices [23,24]. 

The shock wave transducer commonly employed 

in ESWT are divided into three essentially different 

types: electrohydraulic (EH), electromagnetic (EM) 

and piezoelectric (PE) type. Figure 7 displays the 

schematic of each type of the shock wave generator 

coupled with focusing device [25]. Note that there 

is a pneumatic method which has infrequently been 

used in ESWT. This type produces an acoustic 

impulse, being characteristically different in both 

spectral and temporal property from the above 

common 3 types. The acoustic impulse produced 

may not be classified as shock wave since it does not 

show a shock front. The clinical significance remains 

uncertain in the pneumatic type and the present 

article excludes this type.

The EH shock wave generation employs a pair of 

opposing metal electrodes connected in series with 

a driving circuit (Figure 7a). The electrodes are 

surrounded by a Faraday-like cage which electrically 

isolates electric discharge. The electrode gap is located 

at the first focus (F1) of a rotationally symmetrical 
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Fig. 6. An equivalent circuit diagram of a shock wave generator 

coupled with pulse power generator and shock wave 

transducer.

(a)

(b)

(c)

Fig. 7. Three different modes of the shock wave generation 

and focusing method used in clinical ESWT: (a) 

electrohydraulic (EH), (b) electromagnetic (EM) and 

(c) piezoelectric (PE) type.

ellipsoidal metal reflector and immersed in water. 

The capacitor of the driving circuit, charged to high 

voltages in ranges of 10 ~ 20 kV, is discharged 

through the water between the electrodes. The 

temperature of water near the electrodes rises very 

rapidly reaching several thousand K. The resulting 

heated gas, plasma, expands at a supersonic speed 

before collapsing [26]. During the rapid expansion 

stage, the compressive part of the acoustic pulse is 

produced, and it is followed by a long tail of decaying 

pressure which goes negative. The secondary pulse 

is emitted during rebounding of the plasma bubble 

about 500 μs after voltage discharge and it is much 

weaker than the primary [27]. About 90 % of the 

energy of the pressure waves emitted from the 

electrode gap is reflected to the second focus (F2) 

of the ellipsoidal reflector, while the unfocused part 

remains spherically diverging.

As seen in Figure 7b, the EM shock wave transducer 

has a flat spirally wound coil fixed on a rigid support 

and an insulating foil placed to prevent electrical 

breakdown between the coil and a metallic membrane 

faced to water. When the capacitor is discharged, 

strong electric current pulse flows through the coil. 

The magnetic field in the metal membrane then 

changes and this induces an eddy current on the 

metal membrane. Two magnetic fields between the 

coil and the metal membrane influence each other 

and the metal membrane is repelled from the coil 

[28]. This movement of the membrane results in 

acoustic disturbances which set up plane waves [29]. 

These plane waves are focused by a bi-concave 

acoustic lens placed in front of the metal membrane. 

The field generated by the electromagnetic source is 

highly reproducible and stable [30,31]. Shot to shot 

variation in temporal peak positive pressure 

measured at the focus, for example, has been reported 

to be within 5 % [32].  

The PE shock wave transducer consists of a 

number of piezoelectric elements mounted inside the 

surface of a partial spherical dish filled with water 

(Figure 7c). A high voltage is applied to all the 

piezoelectric elements simultaneously by discharging 

the capacitor, and the subsequent deformation of the 

elements results in acoustic pulses into the adjacent 

water. The pulses emitted from the piezoelectric 

elements are directed to the centre of the spherical 

dish and no additional focusing device is needed. The 

impedance of the electrical network and the time 

function of the drive voltage step are required to be 
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Fig. 8. A photograph of the cylindrical electromagnetic shock 

wave transducer [30].

Fig. 9. A typical shock waveform measured at the focus of a 

domestic electromagnetic shock wave generator (HnT 

Medical, Republic of Korea) [37].

matched to the electro-acoustical characteristics of 

piezoelectric elements, so that a small amplitude of 

tensile pressure of the pulse with few cycle oscillations 

can be obtained [33]. The wave energy released 

over the generator area is limited by the tolerance 

of piezoelectric material. In general this is much 

lower than the other types of shock wave sources, 

accordingly the piezoelectric element array is 

required to be large to obtain the same acoustic 

energy at the focus as the other types. The shot to 

shot variation has been observed highly stable, about 

1 % in peak pressures. 

The EH type was dominating in early stages in 

clinical applications of shock waves and was reported 

to yield good clinical outcomes. But it is inherently 

unstable in shock production and thus is difficult to 

precisely control shock wave exposure. In contrast, 

the PE type is highly reproducible in shock production 

but needs to be relatively large in its aperture size 

to produce a similar acoustic power to the other 

types. The EM type has its acoustical properties 

being  between the other two types. Since the EM 

type had advantages in stability and efficiency in 

shock wave production over the other types. it 

rapidly replace the EH type. Notwithstanding the EH 

shock wave generator still serves as a gold standard 

in clinical efficiency. The EM type based on the flat 

coil (depicted in Figure 7b) was evolved to employ 

a cylindrical shape of solenoid coil [34]. This type 

has an advantage of being capable of not only 

producing a large shock wave energy with a 

relatively small size of aperture but also housing 

ultrasonic imaging probe in its central hole [30]. 

Figure 8 show a photograph of such cylindrical shock 

wave transducer with a parabolic focusing reflector 

developed at our lab which is now taken to a 

domestic ESWT system ‘ShineWave’ (HnT Medical, 

Republic of Korea).

IV. Characteristic parameters of shock 

wave field

Shock wave used in clinical ESWT is characterized 

by a large amplitude pulse lasting for ~ 10 us with 

the pulse repetition frequency of ~ 1 Hz [35,36]. It 

has a peak positive pressure rising up to 20 ~ 100 

MPa within ~ 10 ns with a very broad frequency 

spectrum (10 kHz ~ 100 MHz) whose center frequency 

is in the range of 0.2 ~ 0.5 MHz [25,35]. The negative 

pressure downs to 10 ~ 50 % of the positive peak 

pressure. Figure 9 shows a typical pressure waveform 

of the shock wave which was measured at the focus 

of the electromagnetic shock wave generator (HnT 

Medical, Republic of Korea) using an optical hydrophone 

FOPH2000 (RP Acoustics, Germany). The waveform 

displayed was obtained by averaging 15 recordings 

at the same position pulse with the repetition frequency 

0.2 Hz at the setting 5 [37,38]. The peak positive 

pressures (P+) and the peak negative pressures (P-) 

are marked in the figure.
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Fig. 10. Schematic of focusing (upper) and the focal geometry (lower) of the shock wave field produced by an electrohydraulic type 

shock wave generator used in ESWT. F: focus, Wx & Wy: focal width in x and y direction, respectively, Wz: focal depth.

The pressure distribution near and through the 

focus has an ellipsoidal sphere in shapes with its long 

axis in the direction of shock wave propagation. 

Figure 10 illustrates the focal geometry of the shock 

wave field produced by an EH type shock wave 

generator where F is the acoustic beam focus, Wz is 

the focal depth, Wx and Wy are the focal width in x 

and y direction, respectively. The parameters of Wz, 

Wx and Wy are often defined according to -6 dB 

criterion (IEC61846) or at a threshold pressure of 

5 MPa (International Society of Musculoskeletal 

Shockwave Therapy - ISMST). 

In addition to those shock wave parameters, energy 

flux density (efd) was often taken as an important 

parameter for dosimetry in ESWT [39]. The efd is 

the shock wave energy per unit area, flowing through 

an area perpendicular to the direction of propagation, 

which can be calculated by         

                
(1)

where ρ is the density, c is the speed of sound, 

p(x,y,z,t) is the time history of the acoustic pressure 

pulse at a spatial position (x,y,z), T is the pressure 

pulse length. This is the same as the derived pulse 

intensity integral (IEC61846), the time integral of 

the instantaneous intensity a particular point in a 

pressure pulse field over the pressure pulse waveform 

at the focus. The efd has units of Joule per metre 

squared (J/m2). Acoustic energy is calculated by the 

integral of the efd(x,y,z) over a cross sectional area 

in the x-y plane at z is near or at the focus. The efd 

cited in most literatures often indicates that at the focus 

(x=0,y=0,z=F) like the peak pressures P+ and P-.

V. Acoustic output of clinical ESWT systems

There are a number of commercial ESWT systems 

readily available from the market throughout the 

world including domestic models. Table 1 lists the 

models and their manufacturers of popular clinical 

ESWT systems. 

According to the data provided by International 

Society of Musculoskeletal Shockwave Therapy 

(ISMST), the ranges of the key acoustic parameters 

produced by the commercial ESWT devices are 

summarizes as:

∙ Focal Positive Peak Pressure P+ (MPa)

∙ Min: 5.5 (Sonocur) ~ 15.0 (Piezoson300)
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Table 1. Popular clinical ESWT systems readily available from 

the market.

MODEL TYPE MANUFACTURER COUNTRY

PiezoSon100 PE WOLF France

PiezoSon300 PE WOLF France

HYDRON-Ez EH HnT Korea

HYDRON-QT EH HnT Korea

ShineWave EM HnT Korea

Dolor Clast EH EMS Swiss

Evotron EH HMT Swiss

Ossatron EH HMT Swiss

Reflectron EH HMT Swiss

SonoCur EM SIEMENS Germany

Epos EM DORNIER Germany

EposUltra EM DORNIER Germany

EposFluoro EM DORNIER Germany

Compact-S EM DORNIER Germany

ModulithSLK EM STORZ Swiss

MinilithSL1 EM STORZ Swiss

Orthowave EH MTS Germany

Orthospec EH Medispec USA

∙ Max: 25.6 (Sonocur) ~ 132.0 (Piezoson300)

∙ Focal Energy Flux Density (mJ/mm2)

  Min: 0.03 (Epo-Fluore) ~ 0.14 (Piezoson300)

  Max: 0.15 (Reflectron) ~ 2.00 (Modulith)

∙ -6 dB focal size (Wx, Wy, Wz in mm)

  Wz: 4.2 (Piezoson100) ~ 103.0 (EposFluoro)

  Wx: 1.3 (Piezoson100) ~ 26.0 (Orthospec)

  Wy: 1.3 (Piezoson100) ~ 25.5 (Orthospec)

It is shown that commercial ESWT devices produce 

extremely wide variety of acoustic outputs. For example, 

Piezoson300 has 132 MPa in focal P+ which is about 

5 times larger than that from Sonocur. The maximum 

focal efd was 2.0 mJ/mm2 from Modulith and it is 

13 times larger than that from Reflectron. The focal 

sizes among all the parameters most significantly 

differ from devices up to 25 times. Piezoson100 is 

4.2 mm in Wz while Epos-Fluoro is 103 mm. It should 

be noted that data for focal  P- are not available from 

ISMST. This would be because the parameter is 

difficult to measure using current technologies and 

also its clinical significance is unclear and in controversy. 

Measuring accurately shock wave field requires 

a very expensive delicate broad band hydrophone 

not easily available as well as high levels of expertise 

[37]. Accordingly the spatial variations of shock 

waves parameters from current commercial devices 

are not readily available, even if they are similar to 

those from ESWL devices, about which considerable 

data were reported by some dedicated researchers 

[35,36]. The article presents preliminary data about 

the focal field measured on the 1st domestic ESWT 

system HYDRON-Ez (HnT Medical, Republic of 

Korea) which employs an EH shock wave generator. 

Figure 11 shows variations in the peak pressures 

(P+ and P-) along the three orthogonal directions 

of x, y and z axis through the focus. The data (means 

and standard deviations of error bars) were obtained 

from the shock wave forms measured repeating 5 

times using a membrane hydrophone (HMB-0200, 

Onda, Seattle, USA). All measurements were carried 

out at the setting number of 3 of the shock wave 

generator, enabling the capacitor to charge upto about 

30 % of the maximum voltage. Figure 11a displays the 

peak positive and negative pressures (P+, P-) along 

the beam (z) axis. The pressure at the focus (at z 

= 20 mm) reached ~ 20 MPa in P+, and was about 

-2 MPa in P-. The focal depth, Wz(-6 dB) was 

about 20 mm in P+, but was unrealistically small in 

P- [40]. 

The peak distributions cross the beam axis through 

the focus along x and y direction are respectively 

shown in Figure 11b and 11c. As seen in the figures, 

they are almost similar in either direction of x and 

y, representing the expected axial symmetry of the 

focal beam. Slight deviation from symmetry may be 

due to the electrode located near the ellipsoid reflector. 

The focal width, is the same in both direction of x 

and y, for instance, Wx(-6 dB) and Wy(-6 dB). The 

focal width was about 8 ~ 9 mm in P+, but about 

twice for P-. Those preliminary data presented here 

indicates that the acoustic properties for the domestic 

model (HYDRON-Ez, HnT Medical, Republic of Korea) 

were found to be within ranges of current EH type 

ESWT systems [40].
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(a)

(b)

(c)

Fig. 11. Distributions in the peak positive (left panels) and negative (right panels) pressures of the shock waves generated by 

HYDRON-Ez (HnT Medical, Republic of Korea), measured along the 3 orthogonal directions (x, y and z axis) through the 

focus along (a) the beam (z) axis, (b) x axis and (c) y axis. (means and standard deviations of error bars were obtained 

from 5 repeated measurements using a membrane hydrophone (NTR System, Seattle, USA).

VI. Acoustic exposure and critical issues

Process leading to therapeutic effects in ESWT is 

drawn in Figure 12. The clinical efficacy relies on 

shock wave acoustic exposure and the therapeutic 

outcome can be effectively predicted based on shock 

wave dose. The dose can be defined as a quantity 

of shock wave exposure closely related to biological 

effects. TI or MI in diagnostic ultrasound would be 
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Fig. 12. Process leading to therapeutic effects of ESWT and a 

control loop for optimization.

such parameters that combine ultrasonic irradiation 

with resulting biological responses. By far shock 

wave dose parameter has not yet been established 

while acoustic exposure in ESWT is specified in 

terms of various parameters including efd, total acoustic 

energy, shock wave number to administer, P+, P-, 

shock pulse repetition frequency and -6 dB (or 5 

MPa) focal sizes. Establishing a unified dose quantity 

in medical ultrasound in general will be very difficult 

because ultrasonic radiation can not be quantified by 

a single parameter but has to be characterized with 

various parameters (pressure, frequency, waveform, 

mode) and also induces multiple biological effects 

including mechanical (cavitation), thermal, chemical 

interactions. Note that the biological interaction with 

shock waves is understood to be associated more 

with mechanical effects including cavitation 

[38,41,42,43,44], while high intensity focused 

ultrasound surgery uses thermal effects to ablate 

tumor. 

Acoustic exposure in commercial ESWT systems 

can be controled by the following 5 factors: (1) nominal 

setting numbers (subject to an individual ESWT 

system, for instance, 1~10 for the domestic HnT 

HYDRON-Ez), (2) shock wave generation methods 

(EH, EM and PE), (3) focusing geometry (ellipsoidal, 

parabolic, spherical), (4) shock wave number 

administered (1,000 ~ 3,000) and (5) pulse repetition 

frequency (0.5 ~ 10 Hz). All the factors except the 

shock wave number to administer (the factor 1, 2, 3 

and 5) may be unified to temporal & spatial properties 

of shock wave fields. As discussed in Section V, 

there is a great deal of variety of the acoustic output 

from commercial ESWT systems. The reason for such 

a large variability may be due to lack of understanding 

on action mechanisms to shock waves on specific 

tissues. This prevents ESWT from quantifying shock 

wave dose as well as does not allow us to optimize 

shock wave exposure maximize required biological 

effects on a target tissue. Under the circumstances, 

the question ‘which ESWT system is better?’ can not 

be scientifically answered, even if every commercial 

model (has to) boasts its own outstanding clinical 

efficacy. Answering to the question will bring about 

controversy until optimal shock wave exposure 

conditions are disclosed.

For optimizing the shock wave exposure, we need 

to elucidate biological or therapeutic effects to shock 

wave exposure on a specific tissue. Systematic 

studies integrating in vitro, in vivo and clinical tests 

as well as acoustic characterization of ESWT devices 

are proposed to relate biological responses to shock 

wave exposure as drawn in Figure 13. The control 

(independent) parameters in Figure 13 are ‘s’ and 

‘w’, representing the setting number of shock wave 

generators and the shock wave field, respectively. 

The parameter w will be further divided into such 

various parameters as efd,  acoustic energy, shock 

wave number to administer, P+, P-, shock pulse 

repetition frequency and -6 dB (or 5 MPa) focal sizes, 

characterizing the temporal and spatial properties of 

shock wave. The parameter s is subject to an ESWT 

system unlike w. In practice, it is required to measure 

w(s) characterizing the acoustic output from each 

ESWT device. The dependent variables ‘c’, ‘a’ and ‘p’ 

stands for biological or clinical responses to shock 

wave in cells, animals and patients, respectively. The 

proposed studies are likely to yield cellular responses 

to shock wave (c(w)), in vivo animal tests to shock 

wave (a(w)), and clinical outcomes to shock wave 

(p(w)).

An example of p(w) is presented in Figure 14, 

which is clinical effects in relation to focal energy 

flux density. Scraps of information on p(s), clinical 

efficacy as a function of settings of ESWT devices 
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may be obtained during clinical treatments. Provided 

that shock wave exposure as a function of settings 

of ESWT systems w(s) is known, p(w) will be derived 

by combining p(s) and w(s). In fact, a number of 

research were carried out with clinical ESWT systems 

without knowing their acoustic outputs against settings, 

in order to observe c(s), a(s) and p(s) [13]. These 

results were subject to the ESWT devices and can not 

be generalized [12]. Ideas for exposure optimization 

and shock wave dose may be gained integrating 

appropriately biological tests on commercial systems 

(c(s), a(s) and p(s)) and acoustic characteristics of 

the systems (w(s)). While c(s), a(s) and p(s) are 

relatively easily available, w(s) is not readily available. 

This is because shock wave measurement needs a 

high level of expertise and an expensive broadband 

hydrophone and can be performed in very limited 

places. The w(s) often provided by manufacturers 

should be validated by an accredited third party 

institution.

VII. Closing remarks

ESWT is simply evolved from ESWL a revolutionary 

technique for treating kidney stones and, since it was 

approved by FDA for treating plantar fasciitis, it has 

rapidly accepted into clinical practice as an efficient 

alternative non-invasive procedure for chronic calcified 

tendonitis [1,45] and pseudoarthrosis. Its clinical 

applications have been expanded to various areas 

including enhanced bone & wound healing and 

therapy for ischemic heart diseases [46,47]. A 

number of research are underway to open new 

applications [48].

Despite clinical acceptance, mechanisms behind 

ESWT are not fully understood yet and optimum 

shock wave exposure conditions have not been 

established. These reflect an extremely wide variety 

of acoustic outputs from current commercial ESWT 

systems. The question, ‘which ESWT system is better?’ 

can not be answered until one can answer to ‘what 

is the optimal shock wave exposure for ESWT?’ Such 

optimization requires considerable knowledge about 

biological responses as well as action mechanisms to 

shock wave exposure on a specific tissue. The 

knowledge will be foundation for establishing a 

proper shock wave dose parameter, quantifying the 

exposure condition closely associated with biological 

effects on tissues. Shock wave exposure is currently 

administered in terms of setting parameters such as 

nominal setting number, shock wave number, pulse 

repetition frequency, which is highly subject to ESWT 

devices. The shock wave dose parameter, if it is 

defined, can enable clinicians to prescribe shock wave 

exposure to patients more precisely and scientifically 

without being subject to an individual ESWT system. 

Future studies may therefore have to focus on shock 

wave dosimetry, so that clinical efficacy is optimized 

based on shock wave dose parameters, and safety is 

monitored in terms of dose quantity, leading to ESWT 

with dose based planning like typical radiotherapeutic 

process.
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