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Clinical application of shock wave therapy 
(SWT) in musculoskeletal disorders

ms), and a frequency spectrum ranging from 16 Hz 
to 20 MHz.3 After reaching the positive peak, the 
pressure rapidly drops to negative values within mi-
croseconds.

Both the positive and the negative phase of a 
shockwave have an effect on interfaces between 
tissues with different density (acoustic impedance). 
During the positive phase, shock waves with high 
pressure may hit an interface, leading to reflec-
tions, or they may pass and gradually become ab-
sorbed. The negative (tensile) phase of the shock 
wave causes cavitation at the tissue interfaces. Dur-
ing cavitation air bubbles are formed as a result of 
the negative pressure. These bubbles subsequently 
implode with high speed, generating a second wave 
of shock waves or microjets of fluid. These events 
cause the direct (physical) and indirect (biological) 
effects of the shock waves on the treating tissue.4-6

Since their introduction in clinical setting, several 
commercially available shock wave generators have 
been developed. Depending on the commercially 
generator, electromagnetically, electrohydraulically, 
piezoelectrically, or electropneumatically derived 
energy is transformed into a shock wave. Usually, 
electromagnetically, electrohydraulically, and piezo-
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Currently the application of shock wave therapy 
(SWT) in musculoskeletal disorders has been prima-
rily used in the treatment of tendinopathies (proxi-
mal plantar fasciopathy, lateral elbow tendinopathy, 
calcific tendinopathy of the shoulder, and patellar 
tendinopathy, etc.) and bone defects (delayed- and 
non-union of bone fractures, avascular necrosis of 
femoral head, etc.). Although the mechanism of their 
therapeutic effects are still unknown, the majority of 
published papers have shown positive and beneficial 
effects of using SWT as a treatment for musculoskel-
etal disorders, with a success rate ranging from 65% 
to 91%, while the complications are low or negligi-
ble. The purpose of this paper is to inform the reader 
about the published data on the clinical application 
of SWT in the treatment of musculoskeletal disorders. 
In this paper, with the help of a literature review, in-
dications and success rates for SWT in the treatment 
of musculoskeletal disorders are outlined, while ad-
equate SWT parameters (e.g., rate of impulses, energy 
flux density, etc.) are defined according to the present 
state of knowledge.
Key words: Musculoskeletal diseases - Therapeutics - Bone 
and bones - Tendons.

A shock wave is defined as an acoustic wave, at 
the front of which pressure rises from the am-

bient value to its maximum within a few nanosec-
onds.1, 2 Shock waves are characterized by high 
peak-pressure amplitudes (500 bar) with rise times 
of less than 10 nanoseconds, a short lifecycle (<10 
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electrically generated shock waves are defined as fo-
cused shock waves; while the electropneumatically 
generated shock waves are defined as unfocused or 
radial shock waves.

Electromagnetic systems utilize an electromag-
netic coil and an opposing metal membrane. A high 
current impulse is released through the coil to gen-
erate a strong magnetic field, which induces a high 
current in the opposing membrane, accelerating the 
metal membrane away from the coil to the 100,000-
fold of gravity, thus producing an acoustic impulse 
in surrounding water. The impulse is focused by an 
acoustic lens to direct the shock wave energy to the 
target tissue. The lens controls

the focus size and the amount of energy produced 
within the target.

Piezoelectric systems are characterized by mount-
ing piezoelectric crystals to a spherical surface. 
When a high voltage is applied to the crystals they 
immediately contract and expand, thus generating 
a pressure pulse in surrounding water. The pulse is 
focused by means of the geometrical shape of the 
sphere.

Electrohydraulic systems incorporate an elec-
trode, submerged in a water-filled housing com-
prised of an ellipsoid and a patient interface. The 
electrohydraulic generator initiates the shock wave 
by an electrical spark produced between the tips of 
the electrode. Vaporization of the water molecules 
between the tips of the electrode produce an ex-
plosion, thus creating a spherical shock wave. The 
wave is then reflected from the inside wall of a met-
al ellipsoid to create a focal point of shock wave 
energy in the target tissue. The size and shape of 
the ellipsoid control the focal size and the amount 
of energy within the target.

Unfocused shock wave is electropneumatically 
generated through the acceleration of a projectile 
inside the handpiece of the treatment device and 
then transmitted radially from the tip of the applica-
tor to the target zone. The pressure and the energy 
density decrease by the third power of the penetra-
tion depth in the tissue. Radial shock waves show 
a lower peak pressure and a considerably longer 
rise time than focused shock waves. In radial shock 
wave therapy (SWT), the focal point is not centered 
on the target zone, as occurs in focused SWT, but on 
the tip of the applicator.

Each generator aim to couple the generated pres-
sure impulse to the tissue while minimizing energy 

loss, concentrating the shock waves so that they can 
be applied in sufficient quantity to stimulate a de-
sired tissue response.3, 4, 6

For their clinical use, the head of the focused and 
unfocused shock-wave generators are positioned 
over the area to be treated, which can be deter-
mined on the basis of previous diagnostic images or, 
if available on the device, by radiographic or ultra-
sound positioning systems. Once the position of the 
targeting site has been located, the treatment area is 
prepared with a coupling gel to minimize the loss 
of shock wave energy at the interface between the 
head of the device and the skin. Shock waves are 
dispersed from the application site and then may be 
absorbed, reflected, or dissipated depending on the 
properties of the tissue through which they pass.

The energy at the focal point of the shock wave 
per impulse is called the “energy flux density” (EFD) 
and is recorded as joules per area. The effective total 
energy of a treatment is defined by the number and 
EFD of the single impulses and by the geometrical 
measurement of the focal point.

Focused shock waves have an high (>0.2 mJ/
mm2) EFD; while the unfocused shock waves have 
a low (<0.2 mJ/mm2) EFD. The EFD is one of the 
most important physical parameters of shock wave 
therapy for the treatment of musculoskeletal disor-
ders.7 In fact, high- and low-energy SWT sessions 
can yield equivalent EFD: a high-energy session us-
ing an energy level of 0.3 mJ/mm2 and 1000 shocks 
and a low-energy session using 0.1 mJ/mm2 and 
3000 shocks yield an equivalent EFD of 300 mJ/
mm2 each.6 The number of shocks, interval between 
shocks, number of treatments, and interval between 
treatments are additional parameters that can deter-
mine the therapeutic response.4, 8

The mechanisms by which an acoustic signal is 
converted into a biological reaction is not fully un-
derstood. However, it is possible to hypothesize that 
mechanotransduction is the basis of the biological 
response to shock wave impulse. Mechanotrans-
duction is the mechanism by which reactive cells 
recognize and respond to mechanical stimulation, 
converting physical forces into biochemical signals. 
Mechanotransduction stimulate extracellular matrix 
binding proteins and the nucleus via the cytoskel-
eton resulting in response leading to tissue regen-
eration. Recent histologic, biochemical, and immu-
nologic basic science studies have greatly advanced 
the understanding of how shock waves affect tis-
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high-energy SWT as a treatment of 72 non-unions 
of long-bone fractures. A 12-month follow-up was 
available for 55 patients, of these 44 (80%) healed.

Cacchio et al.20 in a randomized clinical trial, com-
pared 3 groups of patients. Groups 1 and 2 received 
SWT (4 treatments of 4000 shocks) with an EFD of 
0.4 mJ/mm2 and 0.7 mJ/mm2, respectively. Patients 
in group 3 were treated with surgery. At 6 months 
post-intervention, 70% of non-unions in group 1, 
71% in group 2, and 73% of in group 3 had healed. 
It was concluded that SWT was as effective as sur-
gery in stimulating union of long-bone non-unions.

The analysis of the literature data indicate that 
SWT is more successful for hypertrophic non-unions 
than for atrophic ones. Haupt 23 reported a 100% 
healing rate among 27 patients with hypertrophic 
non-unions compared with only 23% (3 of 13 pa-
tients) with atrophic non-unions. Wang et al.,22 found 
a success rate of 40% at three months, 61% at six 
months, and 80% at twelve months for hypertrophic 
non-unions but only 27% for atrophic non-unions. 
Beutler et al.29 reported a success rate of 53% for 
hypertrophic non-unions but only 25% for atrophic 
non-unions. Xu et al.30 reported an overall healing 
rate of 75.4% in their series of 69 non-unions, but 
none of the atrophic non-unions healed.

In a randomized controlled trials, Cacchio et al.,20 
reported that drop-out rate was greater for the pa-
tients with atrophic non-union (11 of 34; 32%) than 
it was for those with hypertrophic ones (4 of 92; 
4%). Moreover, of the 23 atrophic non-unions that 
remained, 13 were treated with SWT; of these 6 
healed while 7 did not. Non-unions are usually treat-
ed with 2000 to 6000 shocks using an EFD between 
0.3 mJ/mm2 and 0.6 mJ/mm2. The total number of 
impulses is usually divided along the proximal and 
distal margins of the nonunion. The total number of 
treatments (typically ranging from 1-4) and the inter-
val between treatments (typically ranging from 1-4 
weeks) vary from center to center. Although treat-
ment for the non-unions is performed with an high 
EFD, a retrospective clinical study about the efficacy 
of low-EFD (0.09 mJ/mm2) SWT compared with that 
of a standard surgical procedure to treat pseudo-
arthrosis of the carpal scaphoid, reported that the 
radiographic consolidations and clinical results of 
SWT (75.9% and 86.3%, respectively) are compa-
rable with those of surgical stabilization (76.7% and 
83.4%, respectively).31 Thus, currently, in the clinical 
setting, the procedure for SWT in bone disorders is 

sue regeneration.9-13 These effects include enhanced 
neovascularity, accelerated growth factor release, 
selective neural inhibition, osteogenic stem cell re-
cruitment, and inhibition of molecules that have a 
role in inflammation.9-13

SWT for bone disorders

Several studies investigated the effects of SWT on 
acute fracture healing, delayed unions, non-unions, 
and avascular necrosis. Experimental models dem-
onstrate that SWT promotes bone healing through 
a typical biological response characterized by the 
up-regulation of bone growth factors and bone 
morphogenetic proteins. It has been shown that the 
growth of bone marrow mesenchymal cells, and 
their differentiation into the osteoblasts is mediated 
by the TGF-β 1 and vascular endothelial growth fac-
tor (VEGF), induced by SWT.12, 14 The signal trans-
duction in bone cells induced by SWT could be 
mediated by cyclin E2/CDK2 complex,15 and ERK 
and p38 kinase activity;16 early local production of 
angiogenic factors, including endothelial nitric oxide 
synthase, VEGF, was observed after SWT.17, 18

The importance of the biological stimulus induced 
by SWT was confirmed by a clinical study report-
ing that patients with nonunion who failed to heal 
after SWT, are those showing lower concentrations 
of bone turnover markers such as osteocalcin and 
bone-specific alkaline phosphatase.19

Non-unions and delayed unions

Several studies exploring the effects of SWT on 
non-unions and delayed unions of long bone frac-
tures, reported promising results with a success rate 
ranging from 50% to 85%.20-28

Valchanou et al.25 reported bony healing in 70 of 
82 patients with delayed or chronic nonunion of frac-
tures at various locations. Schaden et al.24 reported, 
with a follow-up ranging from 3 months to 4 years, 
a healing of 87 of 115 patients (75.7%) with non-
unions or delayed unions of various fractures who 
were treated with high-energy SWT and immobiliza-
tion. Rompe et al.27 reported their experience using 
high-energy SWT to treat 43 patients with either a 
tibial or femoral diaphyseal non-union. They noted 
bony healing in 31 of 43 patients (72%) after an av-
erage of 4 months post-treatment. Wang et al.22 used 
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examinations were scheduled at 3, 6, 12 and then 
24 months. At all scheduled follow-ups, stage I and 
II patients showed significantly better results than 
stage III patients as regards pain score, the Harris 
hip score, and the Roles and Maudsley score. During 
the study period, 10 of the 15 stage III patients, but 
none of stage I and II patients, received a total hip 
arthroplasty.

Stress fractures

Stress fractures are overuse injuries of bone and 
are among the most common sports injuries. These 
fractures, which may be nascent or complete, result 
from repetitive sub threshold loading that, over time, 
exceeds the bone’s intrinsic ability to repair itself.

Currently, there are no published prospective, ran-
domized, blinded studies that have evaluated SWT 
as a treatment of chronic stress fractures. However, 
SWT has been used in the treatment of chronic stress 
fractures and has shown encouraging results.40, 41

Taki et al.40 reported on their experience using 
focused SWT to treat 5 athletes with chronic stress 
fractures who had failed 6 to 12 months of tradition-
al therapy. The fractures included the middle third 
of the tibia (N.=2), the base of the fifth metatarsal 
(N.=1), the inferior pubic ramus (N.=1), and the me-
dial malleolus of the ankle (N.=1). A single high-en-
ergy treatment (0.29 mJ/mm2-0.4 mJ/mm2) was used 
in each case. All fractures healed after SWT with 
time to radiographic union ranging from 2 to 3.5 
months post-treatment. All athletes were able to re-
turn to their sporting activities in a time ranging from 
3.5 to 6 months post-treatment. No complications or 
recurrent stress fractures in any of the 5 cases was 
reported. Moretti et al.41 reported on 10 male soc-
cer players ranging in age from 19 to 29 years and 
suffering from either tibial or fifth metatarsal stress 
fractures who received 3 (for the metatarsus) to 4 
(for the tibia) sessions of SWT with low-middle EFD 
(0.09-0.17 mJ/mm2) and high number of impulses 
(N.=4000). At a mean of 8 weeks post-treatment, a 
100% healing rate was noted. All athletes were able 
to return to their pre-injury level of sporting activity.

SWT for tendinopathies

Although the SWT mechanism of action in tendi-
nopathies has not yet been fully understood, many 

similar to that used in soft tissues disorders: deeper 
structures should treated with high EFD, whereas 
more superficial structures with either a high- or 
low-EFD protocols.

Avascular necrosis

Avascular necrosis (AVN) is a progressive condi-
tion characterized by bone death due to vascular 
insufficiency. Although its etiology remains unclear, 
several risk factors such as trauma, surgery, steroid 
use, alcoholism, coagulopathy, systemic lupus ery-
thematosus (SLE), and hyperlipidemia have been 
found.32 Conservative treatments include adminis-
tration of bisphosphonates, anticoagulation, and ac-
tivity modification, but are generally uneffective.33 
Core decompression with or without bone grafting 
is considered the gold standard of surgical proce-
dures.33 Several studies reported the positive effects 
of SWT for AVN, usually of the femoral head.34-38 
Wang et al.34 compared at three time intervals (1, 2 
and 9 years) 29 hips treated with SWT and 28 hips 
treated by core decompression with non-vascular-
ized fibular bone grafting. Significant improvements 
in pain and function were noted at each time inter-
vals in favor of SWT. Moreover, total hip arthroplasty 
was performed in 3% and 21% (P=0.039) of patients 
at 1 year, 10% and 32% (P=0.044) at 2 years, and 
24% and 64% (P=0.002) at 9 years of follow-up for 
the SWT group and the surgical group, respectively. 
The same authors 37 compared 26 hips in patients 
with SLE with 29 hips of non-SLE patients. Total hip 
arthroplasty was performed in 12% and 14% of pa-
tients respectively, and there were no differences 
in pain and function between the two groups. The 
authors concluded that the rate of success of SWT 
on AVN in patients with SLE is comparable to that 
obtained I in non-SLE patients. Also Lin et al.36 re-
ported successful treatment of a 19-year-old patient 
with SLE who developed bilateral avascular necrosis 
of the femoral head. At 3-year follow-up, the authors 
noted that both hips had improved pain, Harris hip 
scores, and range of motion; moreover, MRI showed 
substantial reduction in bone marrow edema and no 
collapse of the subchondral bone. Vulpiani et al.39 
reported the results of SWT in 36 patients with uni-
lateral AVN of the femoral head. Ten patients with 
stage I, eleven with stage II, and fifteen with stage III 
of AVN were treated with 4 sessions of high-energy 
(0.50 mJ/mm2) SWT with 2,400 impulses. Follow-up 
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without anesthesia, Cosentino et al.66 demonstrated 
an improvement of 69% in CS at 6 month follow-up, 
significantly higher compared to a sham therapy. In 
the same patients, the SWT therapy results in a par-
tial or complete resorption of calcific deposit in 71% 
of patients.66

The dose-dependent effect of SWT on calcific 
tendinopathy of the shoulder has been evidenced 
by other researches.46, 67 Particularly, Loew et al.67 
found that both low- and high-dose SWT are more 
effective compared to no treatment in terms of func-
tion and disappearance of calcifications, but higher 
doses show more efficacy than lower ones. Three 
months after therapy, patients receiving 2 sessions 
of 2000 impulses at 0.3 mJ/mm2 achieved a CS of 
71% of normal values, compared to 53% of those 
receiving 1 session of 2000 impulses at 0.1 mJ/mm2. 
Similar results come from the only multicenter ran-
domized controlled trial published on this topic,46 
in which the difference of mean improvement in CS 
between high- and low-dose SWT at three months 
follow-up was of 37%, increasing to 48% and 49% at 
6 and 12 months.

We recently published a randomized controlled 
trial specifically designed to compare 2 different 
ranges of EFD in the treatment of calcific tendinopa-
thy of the shoulder.47 Forty-six patients were rand-
omized to received high-dose (4x2400 impulses at 
0.20 mJ/mm2) or low-dose SWT (4x2400 impulses 
at 0.10 mJ/mm2). Significant clinical improvement 
based on mean Constant scores was observed after 
6 months in those receiving high-dose SWT (mean 
improvement=79.43±10.33) compared with low-
dose SWT (57.91±6.53). Likewise, after 6 months, 
a significant decrease in VAS scores was found in 
high-dose SWT compared with low-dose SWT. Cal-
cific deposits disappeared in the same percentage of 
patients in both groups.

Hsu et al.68 prospectively studied SWT for cal-
cific tendinopathy of the shoulder in 46 consecu-
tive patients. The 33 patients in the treatment group 
received 2 courses of SWT at high-energy density 
(1000 impulses at 0.55 mJ/mm2). The control group 
underwent sham treatment with a dummy electrode 
(13 patients). The SWT results were good to excel-
lent in 87.9% of shoulders (29/33) and fair in 12.1% 
(4/33), and the control results were fair in 69.2% 
(9/13) and poor in 30.1% (4/13). Among SWT pa-
tients, calcium deposits were completely eliminated 
in 7 cases (21.2%), partially eliminated in 11 (36.3%), 

authors 42-56 have achieved good results in the use 
of SWT in clinical setting, achieving both a prop-
er stimulation of tendon tissue healing and a good 
modulation of pain.

Studies based on animal experiments have report-
ed that SWT significantly increases the diffusion of 
cytokines across vessel walls into the pain-gener-
ating region, thereby stimulating the tendon heal-
ing response,57 and significantly reduces the non-
myelinated sensory fibers,58 calcitonin gene-related 
peptide,59 and substance P release.10

Taken together, these data indicate, as expressed 
above for the bone tissue, that tendon tissue can 
convert SWT stimulation into biochemical signals 
by means of TGF-β1 and IGF-I.57, 60 Other authors 
have demonstrated that SWT acts on the pain sys-
tem by means of hyper stimulation analgesia, which 
involves stimulation of a brainstem feedback loop 
through serotonergic activation via the dorsal horn 
that exerts descending inhibitory control over pain.4

Upper limb tendinopathies

Calcific tendinopathy of the shoulder

The first reports about the effectiveness of SWT 
on calcific tendinopathy of the shoulder date back 
to the first half of 90s, when preliminary data coming 
from non-controlled trials showed the efficacy and 
safety of this approach.61-64 From then on, several 
research groups focused their attention on this topic, 
and the efficacy of SWT, its dose-dependent effect 
and its safety have been the object of a number of 
randomized controlled trials.

Rompe et al.65 randomized 100 patients with cal-
cific tendinopathy of the rotator cuff, experiencing 
pain for more than 12 months and with a history 
of previous unsuccessful conservative treatments, 
to either a low-dose SWT group (1 session of 1500 
impulses at 0.06 mJ/mm2 - no anesthesia before 
treatment) or a high-dose SWT group (1 session of 
1500 impulses at 0.28 mJ/mm2 – regional anesthe-
sia needed). Constant and Murley score (CS), radio-
graphic evidence of resorption of the calcifications 
and result of treatment were assessed at 6 and 24 
months. The authors found improvement in both 
groups, with significantly better results achieved 
with high energies in all the outcome measures.65

Using 4 sessions of 1200 impulses at 0.28 mJ/mm2, 
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epicondyle, compared to a sham therapy in 50 sub-
jects experiencing pain for >12 months and who 
had previous unsuccessful conservative treatments. 
At 12 week follow-up, the reduction in pain was sig-
nificantly greater in the treatment group, with good 
to excellent outcome in 56% of patients. Similar re-
sults were obtained by the same researchers in 100 
patients with chronic and recalcitrant lateral elbow 
pain, who were randomized to a low-dose SWT pro-
tocol or to a sham protocol, with the same char-
acteristics seen above.72 Patients in the SWT group 
showed, at 24 weeks follow-up, a decrease in pain 
score with respect to baseline ranging from 64.5% 
for pressure pain to 78.9% for night pain. At the 
same time-point, patients in the sham group had no 
improvement, and even worsening, of pain scores.72

In a selected population of recreational tennis 
players suffering from chronic (>12 months) elbow 
pain of at least moderate intensity (pain ≥4 on a 10 
cm VAS), un-responsive to conservative treatments, 
the efficacy of 3 weekly sessions of 2000 impulses at 
0.09 mJ/mm2 was compared to that of a sham treat-
ment (3 weekly sessions of 20 impulses at 0.09 mJ/
mm2).48 Seventy-eight patients were randomized to 
either the treatment or the sham group, and evalu-
ated 3 months after therapy for pain during resist-
ed wrist extension and functionality by means of 
the Upper Extremity Function Scale. A significantly 
higher improvement in pain during resisted wrist 
extension was observed in treatment group than 
in sham group (mean improvement 3.5±2.0 and 
2.0±1.9, respectively) and in the Upper Extremity 
Function Scale (mean improvement 23.4±14.8 and 
10.9±14.9, respectively).

Pettrone et al.,73 enrolled 108 patients with chron-
ic lateral epicondylitis patients un-responsive to pre-
vious conservative treatments and randomized them 
in a treatment group receiving three consecutive 
weekly sessions of low-dose SWT (2000 impulses 
at 0.06 mJ/mm2) and in a placebo group. Three 
months after therapy, 60% of patients receiving SWT 
experienced a reduction of at least 50% of baseline 
pain, compared to 30% of those receiving placebo.

Radial SWT has been also successfully used to treat 
lateral epicondylitis.54 In a prospective randomized 
controlled trial, 62 patients with lateral elbow pain 
of at least 10 months duration, refractory to pre-
vious conservative treatments, were randomized to 
either radial SWT (1 treatment a week for 4 weeks; 
2000 impulses of radial SWT, accounting for a low-

and unchanged in 15 (45.4%). In contrast, elimina-
tion was partial in 2 control patients (15.3%) and 
unchanged in 11 (84.7%). Albert et al.69 randomized 
80 patients who had more than a three-months his-
tory of calcifying tendinopathy of the rotator cuff to 
high-dose SWT (2x2500 impulses at 0.45 mJ/mm2) 
or to low-dose SWT (2x2500 impulses at 0.06 mJ/
mm2). Despite high-energy SWT significantly im-
proves symptoms in refractory calcific tendinopathy 
of the shoulder after three months of follow-up, they 
found that the calcific deposit remains unchanged 
in size in the majority of patients. A recent system-
atic review and meta-analysis 70 designed to evaluate 
the effectiveness of SWT for functional improvement 
and the reduction of pain in patients with calcific 
tendinopathy of the shoulder, and to determine the 
rate of disappearance of calcifications after therapy 
at 6 month follow-up, found a pooled total resorp-
tion ratio of 27.19 and a pooled partial resorption 
ratio of 16.22.

Radial SWT have also been tested 42 and showed 
an improvement of shoulder function, pain and size 
of calcium deposit compared to a less active same 
therapy at 6 months follow-up.

In summary, evidences exist to consider SWT an 
efficacious therapy for calcific tendinopathy of the 
shoulder. The effect seems to be dose-dependent 
both on functionality, pan and resorption of calcium 
deposit. Because pain reduction generally occurs be-
fore radiographic demonstration of calcium deposit, 
however, the effect of SWT on calcific tendinopathy 
would not be completely related to a mechanical 
action, but rather to a neovascularization induced 
at the tendon junction with early release of angio-
genesis-mediating growth and proliferating factors, 
including endothelial nitric oxide synthase, vascular 
endothelial growth factor, and proliferating cell anti-
nuclear antigen, all of which lead to improved blood 
supply and tissue regeneration.68

Lateral elbow tendinopathy

The therapeutic use of SWT on lateral epicondyli-
tis has been matter of research since the mid 90s. 
Despite several studies investigated the efficacy of 
various kind of SWT on lateral elbow pain, however, 
its usefulness still remain controversial.

Rompe et al.71 evaluated the efficacy of low-EFD 
SWT (3 sessions, at weekly intervals, of 1000 im-
pulses of 0.08 mJ/mm2) delivered over the lateral 
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tested by a systematic review of nine placebo-con-
trolled trials involving 1006 participants, in which 
the authors found a “Platinum” level evidence that 
SWT provides little or no benefit in terms of pain 
and function in lateral elbow pain.77 Too many dis-
crepancies, however, exist in to the current literature 
in terms duration of the disorder, type, frequency 
and total dose of SWT, period of time between SWT, 
type of management and control group, timing of 
follow-up and outcomes assessed, to consider ap-
propriate a pooled meta-analysis of SWT for later-
al elbow tendinopathy.78

It seems, in fact, that low-energy SWT delivered 
without local anesthesia in patients with chronic lat-
eral epicondylitis recalcitrant to conservative treat-
ments is more effective than placebo in improving 
symptoms.48, 54, 71-73, 78 Proper selection of patients, 
as well as of treatment protocols, is, thereby crucial 
in order to obtain positive results in these patients.

Interestingly, the success rate of SWT is similar 
than that of percutaneous tenotomy,79 while, com-
pared to corticosteroid injections, results are still 
controversial, with an apparent superiority of the 
latter in terms of pain reduction.80

Carpal tunnel syndrome

Carpal tunnel syndrome (CTS) is the most fre-
quent entrapment neuropathy in the general pop-
ulation.81 This syndrome may result in substantial 
disability owing to a sensory and/or motor deficit in 
the hand and a consequent loss of hand function. 
Despite surgery represents the gold-standard in CTS 
therapy,82 several conservative approaches exists, in-
cluding physical agents.83, 84 SWT has been recently 
reported to be of value in the treatment of CTS. In 
a group of 36 patients with CTS, a single session of 
1000 impulses of SWT delivered over the carpal tun-
nel with the probe oriented perpendicular to the pa-
tient’s palm, was found to be as effective as a single 
corticosteroid injection in relieving symptoms and 
improving nerve conduction.85 The energy level was 
set at the maximum level tolerated by the patient 
(0.09 to 0.29 mJ/mm2).

The mechanisms of action of SWT in CTS may 
only be speculated. It has been recently demonstrat-
ed that chronic compression of a nerve, as occurs 
in CTS, leads to an increased release of neuropep-
tides 86 which triggers vasodilation mediated by 
cyclic-GMP and by endothelial nitric oxide (NO).87 

to-medium dose SWT) or less active same therapy (1 
treatment a week for 4 weeks; 20 impulses of radial 
SWT) group. Pain, pain-free grip strength test and 
functional impairment were evaluated before treat-
ment, at the end of treatment and at 6 month follow-
up. The authors observed in the treatment group but 
not in the sham group a significant improvement 
in all the analyzed outcome variables, with results 
maintained 6 months after therapy.

A number of trials, however, lack to find similar 
positive results. Speed et al.74 randomly assigned 75 
patients experiencing lateral elbow pain for more 
than 3 months to a treatment group, receiving 3 
monthly sessions of medium dose SWT (1500 im-
pulses at 0.18 mJ/mm2) or to a sham group (1500 
impulses at 0.04 mJ/mm2). At three month follow-
up, 35% of those assigned to treatment group and 
34% of patients in the sham groups showed more 
than 50% improvement from baseline pain. It should 
be noted that, contrarily to all the other studies in 
literature and to general manufacturers indications, 
monthly sessions were used. The distance between 
two consecutive treatments might have contributed 
to failure in the SWT group.

Unsuccessful treatment was also described by 
Melikyan et al.75 In a randomized controlled trial, 
the Authors assigned 74 patients with chronic lateral 
epicondylitis awaiting surgery, to high energy SWT 
(total energy delivered 1000 mJ/mm2 over three ses-
sions) and 37 to placebo. Outcomes were assessed 
using the Disabilities of Arm, Shoulder and Hand 
questionnaire, measurement of grip strength, level 
of pain, analgesic usage and the rate of progres-
sion to surgery. According to their results, none of 
the outcome measures significantly differ between 
groups at 1, 3 and 12 month follow-up visits, there-
by concluding for un-efficacy of SWT compared to 
placebo in lateral epicondylitis.

The only multicenter study performed in this field 
was conducted on 272 patients randomly assigned 
to SWT group (3 sessions, 2000 impulses at 0.06 mJ/
mm2) or to placebo.76 All treatments were conducted 
following administration of local anesthesia. The pri-
mary end point was based on the rate of success, as 
determined with the Roles and Maudsley score and 
whether additional treatment was required, twelve 
weeks after the intervention. The success rate was 
similar in the two groups, being 25.8% in the group 
treated with SWT and 25.4% in the placebo group.

The doubtfulness of the present results is also at-
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the last treatment the VISA score and a vertical jump 
test, used as outcome measures, improved signifi-
cantly only in the study group.

Wang et al.55 in a randomized controlled study 
evaluated the efficay and safety of a single SWT 
treatment compared to standard conservative treat-
ment in patients with patellar tendinopathy. A single 
session of SWT with an EFD of 0.18 mJ/mm2 was 
administered to 27 patients (30 tendons), while 23 
patients (24 tendons) received standard conserva-
tive treatment. Follow-ups were scheduled at 1, 3, 
6, 12, 24 and 36 months and VISA and VAS scores, 
function on ADL and sport activity, as well as ul-
trasonographic examination of the patellar tendon 
were evaluated as outcome measures. The results 
showed a significant improvement in function, VISA, 
and VAS scores in patients who underwent SWT. 
Moreover, ultrasonographic examination revealed a 
significant increase in vascularity of the tendon and 
a reduction on tendon thickness in patients who un-
derwent SWT compared with those who underwent 
conservative treatment.

Vulpiani et al.89 in an observational study on 73 
patients (83 tendons) with patellar tendinopathy for 
at least 3 months, refractory to conservative treat-
ments, performed 3 to 5 sessions of SWT with an 
EFD ranging from 0.08-0.44 mJ/mm2. Their results 
showed an improvement in the average score of 
VAS already in the first month after treatment, with 
a constant increase at the short-term (6-12 months), 
medium-term (13-24 months) and long-term (>24 
months) follow-ups.

Lohrer et al.,95 in a prospective non-randomized 
pilot study evaluated in 45 athletes of various sport 
activities with patellar tendinopathy the effective-
ness of radial SWT administered with 3 to 5 ses-
sions with an EFD from 0.06 to 0.18 mJ/mm2. VAS 
score at rest, during exercise, and at local pressure 
exerted by an algometer, as well as pain-free run-
ning time (in minutes) were evaluated after 1, 4, 12, 
26 and 52 weeks. During 1 year all scores improved 
significantly. One year after the last treatment 40 of 
45 athletes (88.9%) were re-assessed. Of these 40% 
were pain-free, 24.4% improved, and 36.5% showed 
no improvement.

Achilles tendinopathy

Many studies investigated the effect of SWT in 
Achilles tendinopathy, and most reported favorable 

From this point of view, low energy flux density 
levels (0.03 to 0.08 mJ/mm2) of SWT significantly 
reduce the number of cutaneous nerve fibers and 
the immune-reactivity to the CGRP.58, 59 SWT is also 
known to induce a short-term anti-inflammatory ef-
fect and a long-term tissue regeneration effect, both 
of which are mediated by NO induction.88

Lower limb tendinopathies

Patellar tendinopathy

Some studies found significant improvement of 
clinical outcomes in patients with patellar tendin-
opathy treated with SWT with a success rate ranging 
from 73.5% to 87.5%,55, 89-92 whereas in other study 
there was no improvement.93 However, the athletes 
in this study were all still active in their sport (bas-
ketball, volleyball or handball).

Peers et al.92 compared surgical treatment (13 pa-
tients) and low-EFD SWT in 14 patients (15 tendons) 
with patellar tendinopathy. SWT was administered 
in 3 sessions of 0.08 mJ/mm2. At 2 year follow-up, 
no significant differences in VAS and VISA scores 
was found between groups, but the surgical treat-
ment group had a longer absence from work period 
postsurgically. Although the retrospective nature of 
the study, the authors concluded that SWT is an 
effective alternative to surgical treatment when con-
servative treatments fail in chronic patellar tendin-
opathy. The same lead author, confirmed the effi-
cacy of SWT vs. placebo in the treatment of patellar 
tendinopathy in a randomized controlled study of 
its thesis.94 Low-EFD SWT, consisting of three ses-
sions of 0.2 mJ/mm2 was administered to 21 pa-
tients, while the placebo treatment (three sessions 
with an EFD of 0.03 mJ/mm2) was administered to 
20 patients. After 12 weeks VISA score, R&M clas-
sification and degree of functional impairment was 
evaluated, and there was a significant improvement 
in pain and function after SWT treatment, but not 
after placebo treatment.

Taunton et al., in a randomized clinical study 
evaluated the effects of SWT in patients with patel-
lar tendinopathy. Ten patients in the study group 
received from 3 to 5 sessions of SWT with an EFD 
of 0.17 mJ/mm2. In the placebo group, 10 patients 
received the same treatment but with an absorbing 
pad between skin and probe. Twelve weeks after 
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Four randomized controlled trials have inves-
tigated the effects of SWT on Achilles tendinopa-
thy.49, 52, 96, 98 Three of these studies reported that 
SWT is effective in the management of patients with 
chronic Achilles tendinopathy.49, 52, 96 On the contra-
ry the study of Costa et al. reported that SWT has no 
efficacy in the management of patients with chronic 
Achilles tendinopathy.98

Rompe et al.52 in a randomized triple-arm study 
compared 25 patients in a wait and-see policy with 
25 patients treated by eccentric exercises and with 
25 patients treated with SWT. SWT was adminis-
tered in 3 sessions at weekly intervals with 2000 
impulses for each session with an EFD of 0.1 mJ/
mm². At 4 months from baseline, 15 of 25 (60%) 
patients in eccentric exercises group, 13 of 25 (52%) 
patients in SWT group, and 6 of 25 (24%) patients 
in wait-and-see group reported symptoms “com-
pletely recovered” or “much improved”. For all out-
come measures, no difference was found between 
the eccentric and SWT groups. However, both these 
groups showed better results than the wait-and-see 
group.

The same authors 49 compared 25 patients treated 
by eccentric exercises with 25 patients treated with 
SWT, and the results showed that SWT was better 
than eccentric exercises in the treatment of patients 
with chronic recalcitrant Achilles tendinopathy.

Rasmussen et al.96 compared low-energy SWT 
versus sham therapy. Forty-eight patients were ran-
domized to receive active (N.=24) or sham (N.=24) 
SWT. American Orthopaedic Foot and Ankle Soci-
ety (AOFAS) score and pain were used as outcome 
measures. Patients were followed-up at 4, 8, and 12 
weeks. AOFAS increased more over time in the ac-
tive SWT group (70 to 88 points) than in the sham 
SWT group (74 to 81 points). Pain score was re-
duced in both groups without statistically significant 
differences.

Costa et al.98 reported no treatment efficacy in 
49 patients with Achilles tendinopathy treated with 
SWT. SWT was administer in 3 sessions at 1-month 
intervals with 1500 impulses and an EFD of 0.2 mJ/
mm². Patients with insertional and noninsertional 
forms of Achilles tendinopathy were included in this 
study. Pain during walking measured in a 100mm 
VAS scale was used as outcome measure. Baseline 
VAS score was 55 for both SWT and control groups. 
The score after intervention was 34 points in the 
SWT group and 50 in the control group.

results with similar success rate as patellar tendin-
opathy.43, 49, 96, 97

Furia investigated with two separate case control-
led studies 43, 97 the efficacy of SWT for both chronic 
insertional and noninsertional Achilles tendinopathy. 
In the first of these two case controlled studies, 35 
patients were treated with a single session of SWT 
(3000 impulses and EFD of 0.21 mJ/mm2), and 33 
patients with conventional treatments. SWT was ad-
ministered either with a local anesthesia field block 
(12 patients) or with a regional block (23 patients). 
Visual Analog Scale and Roles and Maudsley score 
were used for evaluation. Patients were followed 
up at 1, 3, and 12 months after treatment. Twelve 
months after treatment 83% of patients in SWT 
group and 39% of those in conventional treatment 
group showed an improvement of their symptoms 
according to the Roles and Maudsley score. The VAS 
scores at 1, 3, and 12 months for SWT conventional 
treatment were 4.2 and 8.2, 2.9 and 7.2, and 2.8 and 
7.0, respectively.

The second of these case controlled study investi-
gated the efficacy of SWT in patients with noninser-
tional chronic Achilles tendinopathy. In this second 
study, the procedures used to administer the SWT 
were the same used in the study already described 
above. Thirty-four patients were treated with SWT 
and 34 patients with conventional treatments. VAS 
and Roles and Maudsley score were again used to 
evaluate outcomes. Patients were followed up at 1, 
3, and 12 months after treatment. Twelve months af-
ter treatment 85% of patients in SWT group and 27% 
of those in conventional treatment group showed 
an improvement of their symptoms according to the 
Roles and Maudsley score. VAS scores at 1, 3, and 12 
months for SWT and conventional treatment were 
4.4 and 8.4, 2.9 and 6.5, and 2.2 and 5.6, respec-
tively.

Vulpiani et al.56 in a non-randomized observa-
tional study, evaluated the efficacy of SWT on 105 
patients (127 tendons) with Achilles tendinopathy. 
Patients were treated in 3 to 5 sessions, at a 2/7-
day interval, with 1500-2500 impulses for each ses-
sion, with an EFD ranging from 0.08 to 0.40 mJ/
mm2. Their results showed satisfactory results on 
VAS score in 47.2% of cases (60 of 127 tendons) at 2 
months follow-up, in 73.2% of cases (93 of 127 ten-
dons) at medium-term (13–24 months) follow-up, 
and in 76% of cases (92 of 121 tendons) at long-term 
(>24 months) follow-up.
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Rompe et al.,103 also evaluated 45 running ath-
letes with chronic plantar fasciopathy. Athletes were 
either assigned to a treatment group that received 
3 sessions of 2100 impulses of 0.09 mJ/mm2 with-
out local anesthesia or to a placebo treatment. At 24 
weeks, 60% versus 27% of patients reported >50% 
reduction of pain on first walking in the morning.

Wang et al.102 reported that SWT was efficacious in 
the treatment of 79 patients (85 plantar fascia) with 
chronic plantar fasciopathy. SWT was administered 
with a single session of 1000 impulses with an EFD 
of 0.18 mJ/mm2. However, at the end of the study 
only 58 patients (73%, 60 plantar fascia) received 
one session of SWT, while 16 patients (19 plantar 
fascia) also received a second session of SWT, and, 
similarly 5 patients (6 plantar fascia) received a third 
treatment. At one-year follow-up, the overall results 
were 75.3% complaint free, 18.8% significantly bet-
ter, 5.9% slightly better and none unchanged or 
worse. The recurrent rate was 5%.

Malay et al.111 compared the outcomes of 172 par-
ticipants treated with SWT with those treated with 
placebo. SWT with 3800 impulses or placebo was 
administered without local anesthesia. Although the 
amount of energy delivered was not specified in this 
study, at 12 weeks, 43% versus 20% of patients re-
ported a 50% decrease of pain from baseline.

Gerdesmeyer et al.,106 in a prospective, rand-
omized, double-blinded, placebo-controlled inter-
national multicenter study, demonstrated safety and 
efficacy of radial SWT for chronic plantar fasciopa-
thy. In this study 245 patients with chronic plantar 
fasciopathy were enrolled and randomly assigned 
either to radial SWT or placebo. Radial SWT was 
administered in 3 sessions, each at 2 weeks (±4 
days) apart with 2000 impulses per session and an 
EFD=0.16 mJ/mm2. The patients were assessed 12 
weeks and 12 months after the first session of SWT. 
A statistically significant difference in the reduction 
of pain at VAS score between the patients treated 
with radial SWT (-56.0%) and the placebo-treated 
patients (-44.1%) was found at 12 weeks, and even 
more at 12 months (radial SWT=-61.9% vs. place-
bo=-46.5%).

Ibrahim et al.109 in a prospective, randomized, 
double-blinded, placebo-controlled study randomly 
assigned a total of 50 patients with unilateral, chron-
ic plantar fasciopathy to either radial SWT (N.=25) 
or placebo (N.=25). Radial SWT was administered 
in 2 sessions 1 week apart with 2000 impulses per 

Although the authors affirm that their results do 
not support the use of SWT in the management of 
patients with chronic Achilles tendinopathy, their 
study could be vitiated by several bias: 1) a too 
small simple size to detect a significant treatment 
effect (the authors affirm in their conclusion that: 
“the confidence intervals include the potential for a 
clinically relevant treatment effect.”); 2) the use of 
monthly intervals between sessions is not recom-
mended. Although until now there is no consensus 
on the procedures for SWT use, in fact, it is widely 
accepted that weekly intervals between sessions 
lead to better results; and 3) the inclusion of both 
noninsertional and insertional Achilles tendinopa-
thy as a single group, may have turned down the 
positive effects of SWT. In fact, several studies have 
shown a lower percentage of satisfactory results in 
insertional Achilles tendinopathy when compared to 
noninsetional Achilles tendinopathy.

Plantar fasciopathy

The safety and efficacy of SWT in the manage-
ment of chronic plantar fasciopathy has been re-
ported by several randomized clinical trials. These 
studies have shown that low-energy SWT, when ap-
plied directed to the most tender point at the medial 
calcaneal tubercle, and performed without local an-
esthesia, leads to significant and persistent improve-
ment of recalcitrant plantar fasciopathy symptoms 
within a reasonable time frame.99-109

Rompe et al.51 and more recently Dizon et al.110 
have already reviewed the results of using SWT to 
treat chronic plantar fasciopathy.

Rompe et al.99 firstly investigated the efficacy of 
SWT in the plantar fasciopathy in 30 patients rand-
omized in either SWT group (N.=15) or placebo group 
(N.=15). The SWT was administered with 3 sessions 
at weekly intervals with 1000 impulses in each ses-
sion with an EFD of 0.06 mJ/mm2, without local an-
esthesia. Twelve weeks after the last treatment, only 
patients in the SWT group experienced a significant 
alleviation of pain and improvement of function.

Cosentino et al.,100 in a randomized controlled tri-
al involving 60 patients randomized to receive SWT 
(N.=30) or placebo treatment (N.=30), reported a 
significant decrease in VAS score only in SWT group 
at 12 weeks. SWT was administered in 6 sessions 
at weekly intervals with 1200 low-energy impulses, 
without local anesthesia.
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of onset symptoms ≤6 weeks) plantar fasciopathy, 
showed that stretching exercises specific to the 
plantar fascia is superior to radial SWT for the treat-
ment of acute symptoms of plantar fasciopathy.

Other tendinopathies

Several studies reported a positive effect of shock-
wave therapy in other tendinopathies such as great-
er trochanter pain syndrome (GTPS),53, 117 chronic 
proximal hamstring tendinopathy (PHT),118 and me-
dial tibial stress syndrome (MTSS).119

Conclusions

Although there is conflicting evidence regarding its 
effectiveness in musculoskeletal disorders, the SWT 
is a relatively new non-invasive therapeutic modality 
with proved effectiveness, convenience, and safety. 
Moreover, in some musculoskeletal disorders, SWT 
has the potential of replacing surgery with at least 
the same results, but without its complications. Fur-
ther studies with well defined objective diagnostic 
criteria, homogeneity of the enrolled patients, par-
ticularly regarding stages of pathology, and well de-
fined SWT parameters such as focal depth, number 
and intensity of impulses (energy flux density), are 
required to draw final conclusions.
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session with an EFD of 0.16 mJ/mm2. Placebo treat-
ment was performed with a clasp on the heel. End-
points were changes in the VAS score and the modi-
fied Roles and Maudsley score from baseline to 4-, 
12-, and 24-week follow-up. The authors found the 
mean VAS scores reduced after SWT from 8.52 at 
baseline to 0.64 at 4 weeks, 1.08 at 12 weeks, and 
0.52 at 24 weeks. Similar changes were found for 
mean of Roles and Maudsley scores after radial SWT 
but were not observed after placebo treatment.

Speed et al.112 in a randomized controlled trial in-
vestigated 88 patients randomized to receive either 
3 sessions at monthly intervals of 1500 impulses of 
0.12 mJ/mm2 without local anesthesia or sham SWT. 
Follow-up was 4 weeks only: 37% and 24% of the 
groups showed a 50% improvement from baseline 
with respect to pain, without statistically significant 
difference.

Haake et al.113 in a randomized controlled trial 
investigated 272 patients that were allocated to SWT 
with 3 sessions at weekly intervals of 4000 impulses 
of 0.08 mJ/mm2 under local anesthesia or placebo 
SWT under local anesthesia. At 12 weeks the suc-
cess rate was 34% in the SWT group and 30% in the 
placebo group, without statistically significant dif-
ference.

Buchbinder et al.114 in a randomized controlled 
trial investigated 166 patients with acute or chronic 
(symptoms ranging from 8 to 980 weeks) plantar 
fasciopathy. Patients were randomly assigned to re-
ceive active or placebo SWT. In the active group, 
3 sessions at weekly intervals, with 2000 or 2500 
impulses per session and an EFD varying from 0.02 
mJ/mm2 to 0.33 mJ/mm2 were administered. Patients 
in the placebo group received 3 sessions at weekly 
intervals with only 100 impulses per session with an 
EFD of 0.02 mJ/mm2. At 6 and 12 weeks, there were 
significant improvements in overall, morning, and 
activity pain, walking ability, and other outcomes in 
both groups, without statistically significant differ-
ences between groups.

This three last studies confirm that if SWT is ad-
ministered with monthly intervals between sessions, 
under anesthesia, and in patients with acute symp-
toms, their efficacy in the management of tendinopa-
thies is reduced.104, 115 Related to the administration 
of SWT in patients with acute plantar fasciopathy, a 
randomized controlled trial of Rompe et al.116 com-
paring the efficacy of plantar fascia-specific stretch-
ing and radial SWT on patients with acute (time 
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