
Piezoelectric Shock Wave Sources: Are they Still the Cinderella to Treat 
Musculoskeletal Disorders?

Introduction
One of the meanings that the Collins English 
D i c t i o n a r y  d e s c r i b e s  f o r  t h e  w o r d 
“Cinderella” is “person or organization that 
receives very little attention and that deserves 
to receive more” [1].
It is well known that there are three types of 
shock wave sources used in extracorporeal 
s h o c k  w a v e  t h e r a p y  ( E S W T ) : 
Electrohydraulic, electromagnetic, and 
piezoelectric [2-4]. To treat musculoskeletal 
disorders, thus far, there is no evidence that a 
certain shock wave generation principle is 
superior to another [5]. Treatment outcomes 
depend on several factors, such as the 
pressure profile, the energy density, the size of 
the focal region, the number of sessions, and 
the applied pulses.  So w hy compare 
piezoelectric sources to Cinderella? We 
believe that the treatment of muscles, bones, 
and joints injuries with this technology is not 
widely disseminated in the medical literature.
The main goal of this analysis is to reveal the 
low number of published studies reporting 
t h e  u s e  o f  p i e z o e l e c t r i c  d e v i c e s  i n 
comparison with electrohydraulic and 
electromagnetic generators for the treatment 
of musculoskeletal pathologies and to 
highlight the versatility of piezoelectric shock 
wave sources and their promising future.

Piezoelectric technology in scientific 
publications dealing with ESWT
A simple analysis of different sources of 
research, clinical results, and education 
demonstrates why we believe that this 
technolog y has not been suff iciently 
discussed.
Performing a PubMed [6] search including 
the terms “shockwaves” and “shock waves” 
combined with “non-union,” we found that 
out of 67 studies, only one [7] reported the 
use of shock waves generated w ith a 
piezoelectric device to treat bone fractures. 
The same search was carried out in relation to 
the treatment of calcifications. In this case, 
only two out of 67 studies were performed 
with a piezoelectric shock wave generator [8, 
9].
W hen correlating the search with the 
treatment of tendinopathies, only two studies 
resulted out of a total of 186. Both papers 
were related to the use of piezoelectrically 
g e n e r a t e d  s h o c k  w a v e s  i n  p a t e l l a r 
tendinopathies. In both cases, the authors 
reported no significant improvements with 
the use of this technology [10, 11].
Furthermore, we performed the same search 
in PEDro [12] and found only one study on 
the use of piezoelectric focused shock wave 

generation to treat plantar fasciopathy [13].
The use of piezoelectric technology in 
rev iew s and meta-analyses  was  a l so 
examined. In an important systematic review 
published by Bannuru et al. in 2014 [14] on 
the use of ESWT to treat chronic calcific 
tendinitis of the shoulder, no studies 
performed with piezoelectric systems were 
found (Table 1).
In a recent review that compares the scientific 
evidence on operative versus non-operative 
management of calcific tendinopathies of the 
rotator cuff by Bechay et al. [15], the authors 
c i t e d  o n l y  s t u d i e s  p e r f o r m e d  w i t h 
electrohydraulic and electromagnetic 
generators.
A literature review published by Thiele et al. 
[16] on ESWT to treat lateral epicondylitis 
found evidence only regarding the use of 
radial pressure waves and shock waves 
e m i t t e d  b y  e l e c t r o h y d r a u l i c  a n d 
electromagnetic systems (Table 2).
As shown in Table 3, a recent systematic 
review and meta-analysis published by 
Sansone et al. [17] revealed that none of the 
c l in ica l  stud ies  included the  use  of 
piezoelectric generators to treat non-union in 
long bones.
Finally, we evaluated the abstracts of the 30 
studies presented at the 23rd World Congress 
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Technical Note

There are three types of focused shock wave generators: electrohydraulic, electromagnetic and piezoelectric. Although it has been postulated 
that there are no differences in clinical efficacy between the three, the information available on the results of the use of  piezoelectric generators 
to treat musculoskeletal disorders is very limited.
The objective of this publication is to demonstrate the little existing evidence on the use of piezoelectric system in some areas of ESWT  and to 
to highlight their versatility and promising future.
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of the International Society for Medical 
Shockwave Treatment [18]. Unfortunately, 
the type of generator used was mentioned 
only in 11 abstracts (Table 4). None of the 
identified devices was piezoelectric.

Discussion
A quick search in the literature and a recent 
world meeting on ESWT showed a low use of 
p i e z o e l e c t r i c  t e c h n o l o g y  t o  t r e a t 
musculoskeletal disorders. This is surprising 
because the technology is not new and has 
been successful in other clinical applications. 
Piezoelectric shock wave sources were 
developed in 1978 by the company Richard 
Wolf GmbH (Knittlingen, Germany) [2]. 
They produced shock waves by a high-voltage 
d i scharge  across  an  ar rangement  of 
piezoelectric elements mounted on the inner 
surface of a spherical backing placed inside a 
fluid-filled cavity. Each element generates a 
pressure pulse that propagates toward the 
center, or focal region, producing a shock 
wave due to superposition and nonlinear 
distortion [2]. At present, there are different 
types of piezoelectric generators. The shape, 
a r r a n g e m e n t ,  a n d  q u a n t i t y  o f  t h e 
piezoelectric elements vary depending on 
their specific application.
In 1989, the first treatment of a case of 
salivary gland lithiasis was carried out with a 
piezoelectric shock wave source [2]. 
Piezoelectric devices have several advantages, 
such as a very long lifespan, as well as low 
levels of noise and electromagnetic radiation. 
In the past, the small size of their focal region 

was considered a disadvantage for some 
clinical applications; however, the possibility 
of designing focal zones that are not only 
determined by the geometrical parameters of 
the source allowed the design of devices 
having focal zones for specific clinical 
applications. The development of sources 

with two layers of piezoelectric elements, as 
well as planar and linear arrangements 
increased their versatility [2].
The efficacy of piezoelectric shock wave 
generators in the treatment of calculi of the 
salivary glands [19], kidney stones [20], and 
in the gallbladder [21] is well known. 

Table 1: Devices used to treat chronic calcific tendinitis of the shoulder. (Bannuru et al. in 2014 [14]).

Figure 1: (a) Left humerus fracture of 6 months of evolution 
without radiological signs of healing. (b) Results after two sessions 

2of high energy (0.55 mJ/mm ) 6000 pulses with a frequency of 6 
Hertz.
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Table 2: Devices used to treat lateral epicondylitis (Thiele et al. [16])

Table 3: Devices used to treat nonunion in long bones (Sansone et al. [17])
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Table 4: Abstracts of the 30 studies presented at the 23rd World Congress of the International Society for Medical 
Shockwave Treatment [18]

Furthermore, Muller-Ehrenberg and Licht 
[22] treated 30 patients with myofascial pain 
syndrome, demonstrating not only the 
therapeutic effectiveness but also the 
diagnostic uti lity of piezoelectrical ly 
generated waves.
Recently, piezoelectric-generated focused 
shock waves have shown effectiveness in the 
treatment of rotator cuff calcifications.  Moya 
et al. reported a retrospective series of 23 
calcific tendinopathies of the rotator cuff 
treated with a piezoelectric single-crystal 
device [9]. Complete resorption of the 
calcification was reached in 82.6% of the 

cases, and partial disappearance of the 
calcification was achieved in 8.7%.
Good results have also been reported with the 
use of piezoelectrically generated waves in 
pseudarthrosis of small bones (Fig. 1). 
Broegaard [23] reported a small series of 
treatments  including di f ferent  bone 
pathologies with good results. More than 10 
years ago, Albisetti et al. [7] published 19 
cases of trainee ballet dancers from La Scala 
in Milan with stress fractures in the base of the 
metatarsal bones treated with focused shock 
waves emitted by a piezoelectric source. The 
authors reported that ESWT allowed dancers 

to return to practice an average of 4.6 weeks 
after the first application. At the 2.2-year 
mean follow-up (range 1.3–3.3 years), all 
dancers were found to be healed without 
pain.
Recently, the possibility of obtaining good 
results in dental bone pathology has also been 
reported [24]. In a series of 16 patients with 
three types of pathologies: (1) Sequelae of 
periodontal disease treatment, (2) peri-
implant fibrosis with minimal dental-implant 
mobility, and (3) poor nutrition in the area to 
be grafted, 12 patients (75%) had favorable 
clinical and imaging changes after shock wave 
treatment.

Conclusion
Even if there are still very few articles 
reporting the use of piezoelectric shock wave 
sources to treat musculoskeletal pathology, 
there is evidence that the technique has great 
potential. Another meaning of “Cinderella” is 
“a woman who achieves fame after being 
obscure” [1]. It seems that this will be the case 
for piezoelectric technology in the treatment 
of musculoskeletal disorders.
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