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 

Abstract— Extracorporeal shock wave therapy has since been 

developed and used steadily in medical advanced countries. 

Shock waves have features such as reflection, transmission, and 

diffraction, as do sound and light waves. Compared to sound 

waves, they are faster and more powerful pressure waves. 

ESWT is classified into focus type and radial type, according to 

the principle of wave generation. Extracorporeal shock wave 

therapy has been used for a variety of musculoskeletal 

disorders. Extracorporeal shockwave therapy is a non-surgical 

and non-invasive treatment. Also, it is applied relatively easily 

to musculoskeletal patients and it has less impact on daily life 

since the recovery time after treatment is short. 

 
Index Terms— Shock wave, Treatment, Indication, 

Contraindication.  

 

I. INTRODUCTION 

Extracorporeal shockwave therapy (ESWT) is a new type 

of therapy that is exploding in demand as the clinical effect is 

confirmed for diseases in the field of degenerative 

osteoarthritis, which is difficult to treat [1]. Shock waves 

generated in vitro can be focused on specific parts of the 

human body to treat not only neurological diseases but also 

orthopedic musculoskeletal diseases [2]. In addition, ESWT 

has received much attention as an alternative therapy for 

musculoskeletal disorders and pain treatments, as clinical 

trial and medical reports indicate that it is effective for the 

treatment of pain that was incurable with previous 

conservative treatment methods or surgery. Many studies on 

ESWT have been actively conducted because it is not only 

non-invasive and relatively safe, but also effective [3]. 

Extracorporeal shockwave therapy derived from 

extracorporeal shockwave lithotripsy, which was first 

introduced in Germany in 1980 to crush kidney stones using 

non-invasive shock waves without incision [4]. Afterwards, 

ESWT devices, which produce relatively lower energy than 

external lithotripsy focused shock waves, and repeatedly 

irradiate to treat affected areas of musculoskeletal disorders, 

were developed in Germany, Switzerland, and Austria in the 

1990s [5]. Extracorporeal shockwave therapy has since been 

developed and used steadily in medical advanced countries 

because it is a non-invasive and non-surgical therapy that can 

treat conditions in a short time without anesthesia [6]. 
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II. STUDY METHOD 

A. Shock wave generation method 

A shock wave is a large-amplitude sound wave, and a 

natural shock wave may be generated during an earthquake or 

thunder, or even during a physical shock, such as a bullet 

explosion or a collapse of a bubble inside a liquid. It is 

characterized by delivering great pressure energy in a short 

time at a supersonic speed [7]. When the shock wave is 

irradiated to the boundary of the bone/soft tissue, the 

expansion wave is transmitted into the bone and the pressure 

wave is reflected to the soft tissue. Shock waves have features 

such as reflection, transmission, and diffraction, as do sound 

and light waves. Compared to sound waves, they are faster 

and more powerful pressure waves. Unlike light, they 

produce a pressure transducing action that causes the 

movement of surrounding fluids or solids [8]. In ESWT, a 

relatively small tensile wave factor is represented as one 

major positive pressure wave, which has a frequency range of 

several kHz to over 10 MHz. The focal area of the ESWT is 

the location on which to focus the shock wave during 

treatment, and it is the point where 80% of the maximum 

emission energy is reached. In this focal area, energy is 

defined as the energy flux density per impulse, and the unit of 

the area is recorded in joules [9]. 

ESWT is classified into focus type and radial type, 

according to the principle of wave generation. Focus type 

collects shock waves from the site at which the shock waves 

are generated through the dust collecting plate. Radial type is 

a pneumatic radial that uses waves generated by compressed 

air created with a pendulum of air. Focus type can make 

strong shock waves as the waves are gathered at one point, 

while the radial type shock waves weaken as the distance 

increases due to the spreading shape [10, 11]. 

Focus type converges individual shock waves, which are 

created by sporadically arranged piezoelectric elements on a 

conical collector plate inside the shock wave, into one point. 

This focused shock wave generates a pressure wave of 10 to 

100 atmospheres, converts it into a form of vibration energy, 

and concentrates the energy at a point [12]. 

The shock wave generators currently used in intensive 

ESWT equipment are classified into three types: 

electrohydraulic type, which is the most commonly used 

method; electromagnetic type; and piezoelectric type. The 

electrohydraulic shock wave therapy device used in the 

medical field generates shock waves with electrical sparks 

between the electrodes caused by high voltage to pointed 

electrodes facing each other in water at short distances [13]. 

The electrohydraulic extracorporeal shock wave therapy 
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device has to be replaced frequently to maintain high voltage 

sparks to the shock wave. Also, the increase in operator 

fatigue due to the noise of continuously generated shock 

waves is a concern. Thus, there is a need for improvements in 

the durability of electrodes and the working environment 

regarding workplace noise [14]. 

The electroconductive type of shock wave, one generation 

method in the ESWT device, uses a method of encapsulating 

the electrode and injecting a self-made electrolyte inside to 

extend the duration of its life. Such a method increases the 

cost of the expendables that need to be replaced, thereby 

increasing the burden of the patient’s medical expenses [15]. 

The electromagnetic method can generate a stable shock 

wave, enhancing the clinical utility. The electromagnetic 

method generates a magnetic field in the planar coil by 

current shock and generates an opposite magnetic field in the 

adjacent insulated metal diaphragm by electrical induction. 

These magnetic forces cause the metal plate to vibrate, 

creating shock waves. In the piezoelectric element method, a 

shock wave is generated in the surrounding fluid by 

expansion and contraction of a crystalline material made of 

piezoelectric elements when high-pressure electricity is 

applied [16]. 

Radial Shock Wave Therapy (RSWT) generates pulses by 

a heavy projectile. Radial extracorporeal shock waves radiate 

energy by the pressure waves. Pressure waves are generated 

when the condensed air in the pneumatic device is 

instantaneously released and collides with numerous 

pendulums arranged in a straight line [17]. The time of 

increase in the pulse of the RSWT shock wave is relatively 

longer than that of other ESWT shock waves. Also, the 

feeling of the pulse is soft, as it has a gentle curve, enabling 

the patients to receive high energy treatment comfortably. 

Moreover, RSWT has a shock wave intensity that does not 

cause cavitation of cells, minimizing damage to tissues and 

cells in the human body [18]. 

B. Indications for extracorporeal shockwave therapy 

Extracorporeal shock wave therapy has been used for a 

variety of musculoskeletal disorders. In particular, it has been 

proven to be effective in plantar fasciitis of the proximal heel, 

lateral epicondylitis of the elbow, calcific tendinitis of the 

shoulder, and nonunion of fracture. In recent years, it has 

been extended to the treatment of chronic skin ulcers, 

osteovascular diseases, and myocardial ischemia [19-21]. 

Treatment time (session) is the basic treatment principle of 

ESWT. Typically, 3~5 shock wave treatments are required 

for tendon disorders and tendon attachment portion lesions, 

and 6~8 shock wave treatments for treating myofascial pain 

syndrome [22]. In addition, the dosage during the ESWT 

varies individually based on the degree of pain. Therefore, it 

is important to adjust the appropriate dosage according to 

each patient and indications. Starting with low energy (bar or 

mJ / mm²) at the most painful area, the dose can be gradually 

increased after careful examination during the treatment [23]. 

Extracorporeal shockwave therapy has been proven to 

induce lymph angiogenesis by promoting angiogenesis and 

up-regulation of vascular endothelial growth factor and basic 

fibroblast growth factor in a previous study [24]. 

Subsequently, the effect of the ESWT was confirmed in the 

study of patients with secondary lymphedema. Therefore, 

ESWT is recommended as a non-invasive alternative 

treatment in lymphedema patients [25]. Extracorporeal shock 

wave treatment improves cell permeability by the mechanical 

force generated by acoustic shock waves and increases the 

manifestation of factors involved in lymph vessel formation. 

It has also been found to improve the elasticity of the skin and 

promote the organization of skin structure [26]. 

Extracorporeal shock wave treatment removes the 

fundamental cause of joint pain through stimulation-free 

surgery to repair damaged tissue by delivering effective shock 

waves to degenerative lesions of the musculoskeletal system, 

tendon rupture caused by excessive exercise, and lime around 

joints [27]. The extracorporeal shock wave treatment device 

can achieve the same effect as extracorporeal shock wave 

lithotripters on calcification tendinitis [28]. A cell-level 

cavitation caused by the pressure of the shock wave creates 

bubbles which explode and generate healing material with the 

physical effect of breaking lime sedimentation components 

by shock wave stimulation. Treatment is achieved through 

the biological effects of promoting resorption of sediment 

that has been cleaved into and accelerating regeneration by 

inducing angiogenesis [29]. 

Extracorporeal shockwave therapy is a non-surgical and 

non-invasive treatment. Also, it is applied relatively easily to 

musculoskeletal patients and it has less impact on daily life 

since the recovery time after treatment is short [30]. 

Furthermore, ESWT is reported to be an effective therapeutic 

device not only for patients with musculoskeletal disorders 

but also for those with dystonia, pressure sores, lymphedema, 

and erectile dysfunction [31]. 

According to previous study on the effect of ESWT, 

repeated micro-stimulation through shockwave therapy was 

effective in relieving pain [32]. Additionally, another study 

suggested that the therapeutic effect is caused by physical 

action to heal ruptured tendons, which is led by the change in 

cell membrane permeability and induction of radical 

diffusion [33]. In gateway control theory, A beta nerve fibers, 

which have a relatively fast conduction rate, are rapidly 

depolarized, whereas depolarization of A delta nerve fibers 

and C nerve fibers are suppressed, preventing the delivery of 

pain. ESWT contributes to early analgesic effects by reducing 

pain receptors' ability to deliver pain due to the deformation 

or increase in cell membrane permeability caused by shock 

waves [34]. 

In previous studies, ESWT uses the principle of breaking 

stones and gallstones, causing increased blood flow and 

blood vessel remodeling, and stimulating and reactivating the 

healing process of the tendon and surrounding tissues and 

bones. Therefore, it has been reported to reduce pain by 

eliminating and stabilizing inflammation [35]. 

According to a study on the effect of radial extracorporeal 

shock waves on upper extremity function in patients with 

rotator cuff calcification tendonitis, there was a significant 

improvement in the function of the shoulder joint (with CMS 

scale) after the treatment [36]. Likewise, another study on the 

effect of intensive extracorporeal shock wave on upper 

extremity function in patients with rotator cuff calcification 

has shown the same result as radial extracorporeal shock 
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wave [37]. 

Usage of radial shock waves for treating myofascial pain 

syndrome occurring in skeletal muscle is gradually 

increasing. Radial shock waves are suitable for smoothing 

muscle tissue, for relaxing muscle tension, for locating and 

treating superficial pain-causing points, and for activating 

connective tissue for a wide range of treatments [38]. As 

extracorporeal shock wave treatment is applied to myofascial 

pain syndrome, the mechanical energy of the shock wave is 

converted into chemical energy in connective tissue located 

in the extracellular matrix. With the help of cell membrane 

receptors containing proteins and ion channels, this energy is 

conducted to the cell nucleus through the cytoskeleton. Inside 

the cell nucleus, chain-like signals induce gene transcription 

and expression, resulting in mechanosensitive kinase and 

enriching collagenase [39]. 

In the study of ESWT in patients with cerebral palsy, it was 

reported that the effect lasted for up to four weeks when 

stimulation of 0.030mJ/mm² for 1500 times in the soleus 

muscle and medial and lateral gastrocnemius was performed 

to pediatric patients once a week [40]. In cerebral palsy 

patients with extremely stiff upper and lower muscles, the 

effect of treatment with 2000 times of stimulation in 

0.10mJ/mm² for three times a week lasted for two months; 

however, the effect of treatment was returned to 

pre-treatment levels after three months, suggesting that 

additional extracorporeal shock waves may be necessary after 

three months of previous treatment [41]. 

C. Contraindications for extracorporeal shockwave 

therapy 

Generally, ESWT is prohibited to people with coagulation 

disorders or those who take anticoagulants or pregnant 

women. Also, treatment cannot be given to children under 18 

years old and cannot be applied to bone growth plate where 

epiphysis and bone have not grown. In addition, treatment is 

prohibited for patients with blood clotting disorders or those 

who are taking medications to prevent blood clotting 

disorders, patients with rheumatism, diabetes, osteoporosis, 

and heart pace makers [42]. Treatment with spinal nerves is 

also considered contraindicated though it is not reported 

experimentally. 
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