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Abstract 
Shockwave therapy (SWT) has been successful in the management of musculoskeletal conditions. The limitations of the use of 
SWT in clinical practice regard a lack of familiarity with the device and the lack of uniformity in information reported in scientific 
publications. Standardization in the reporting of these parameters could facilitate the reproduction and interpretation of data 
in future studies. Most studies fail to offer a detailed description of the parameters. Therefore, the aim of the present paper is 
to prepare a report on how to standardize the presentation of this information and serve a reference guide to report physical 
parameters and procedures of SWT when used on patients with musculoskeletal disorders. The terms were selected from the 
Medical Subject Headings database of controlled vocabulary. An extensive process of systematic searching of databases was 
performed, after which experts met and discussed on the main findings, and a consensus was achieved. SWT parameters 
were described, including the physiological meaning and clinical relevance of each parameter. Also, the description of patient 
and equipment positioning was added. The consensus-based guideline on how to report SWT parameters for the treatment of 
musculoskeletal conditions was developed to help clinicians and researchers.

Abbreviations: MeSh = medical subject heading, SWT = shock wave therapy.
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1. Introduction
Shockwave therapy (SWT) has been successfully used for 
more than 20 years in the management of musculoskeletal 
conditions.[1–3] SWT is a safe, noninvasive treatment option[4,5] 
that is well accepted by patients for tendinopathy,[6,7] myo-
fascial pain,[8–10] joint injuries[11–13] and fractures with delayed 
union.[14,15]

The limitations of the use of SWT in clinical practice regard 
a lack of familiarity with the device and the lack of uniformity 
in information reported in scientific publications.[4] Differences 
are found among studies available in the literature with regards 
to study design, protocol, application technique, duration of 
treatment and the parameters of the device. This heterogene-
ity makes it difficult for researchers and therapists to reproduce 
the methods described in articles and adopt a more assertive 
approach in clinical practice.[16]

Standardization in the reporting of these parameters could 
facilitate the reproduction and interpretation of data in future 
studies. Most studies fail to offer a detailed description of the 
energy, frequency and number of pulses, type and area of the tip, 
positioning of the patient, application site, type of device, type of 
applicator, inclusion of treatments combined with SWT, etc.[16]

This type of report has been published and widely used for 
other electrophysical agents, such as low-level laser therapy[17] 
and electrotherapy for pelvic floor dysfunction.[18] Therefore, 
the aim of the present paper is to prepare a report on how to 
standardize the presentation of this information and serve a ref-
erence guide for scholars, clinicians and researchers to report 
physical parameters and procedures of SWT when used on 
patients with musculoskeletal disorders.

2. Methods
The present literature review was conducted to identify pub-
lished studies on shockwave therapy applied to musculoskeletal 
disorders and detect the type of information missing from these 
studies. Thus, the authors formed a workgroup to draft guide-
lines so that future studies can have more complete descriptions, 
enabling better reproduction of studies in both clinical practice 
and research. The members of the workgroup had expertise 
in fields related to musculoskeletal disorders (PD and CGNB) 
and SWT (REL and ABM) and participated in 4 meetings, at 
which the conception of the present report was planned. During 
the meetings, all authors contributed terms and expressions 
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normally used in the literature of their fields. The terms were 
then grouped according to the order in which the items should 
be reported, as follows: frequency parameters, energy or energy 
density parameters, number of pulses, positioning of patient, 
application site, use of local anesthesia, coupling mechanisms, 
device, type of applicator, form of application, tip size, tip mate-
rial, duration of application time and concomitant treatment. 
The process of discussing and writing the document followed a 
3-step modified Delphi method and took place in May and June 
2021.[18–21]

The first step was a literature review, conducted January to 
May 2021, in the following databases: Pubmed, PEDro, Web 
of Science and Embase. For all topics, we searched for exist-
ing systematic reviews and primary studies. We also consulted 
guidelines from international associations such as the World 
Confederation of Physiotherapy (WCPT), International Society 
for Medical Shockwave Treatment (ISMST) and Brazilian 
Medical Society for Shockwave Treatment (SBTOC). In addi-
tion, several. Textbooks that addressed electrophysical agents 
were also consulted.[22–26] Terms related to the reporting of 
SWT for musculoskeletal disorders were selected from the con-
trolled vocabulary of Medical Subject Headings (MeSH). Each 
electronic databank was searched with no restrictions imposed 
regarding language or year of publication. Definitions of estab-
lished terms related to musculoskeletal disorders and SWT were 
used, when available; otherwise, the modified Delphi method 
was used for consensus.

The terms and definitions were then evaluated by specialists 
(two in musculoskeletal disorders and 2 in SWT). Two inde-
pendent reviewers performed the selection process of primary 
studies by reviewing titles, abstracts and reading full texts, based 
on the proposed inclusion criteria described above. Reference 
lists of included studies were independently selected to identify 
possible studies not retrieved by the electronic search. In cases 

of a divergence of opinion, a physiotherapist unfamiliar with the 
terms of the field was consulted to verify the understanding of 
the term in question.

The terms used in the search strategy in the Pubmed, Web of 
Science and Embase databases were: (((Musculoskeletal disor-
der) OR (Musculoskeletal disorders) OR (Musculoskeletal sys-
tem) OR (Musculoskeletal Pain) OR (Musculoskeletal disease) 
OR (Musculoskeletal diseases) OR (Musculoskeletal com-
plaint) OR (Cumulative trauma disorders) OR (Skeletal mus-
cle) OR (Orthopedic Disorders) OR (Orthopedic Disorder)) 
AND ((Randomized controlled trial) OR (Controlled clin-
ical trial) OR (Comparative study) OR (Clinical trial) OR 
(Randomized) OR (Randomly) OR (Trial) OR (Groups)) 
AND ((Extracorporeal Shockwave Therapies) OR (Shockwave 
Therapies) OR (Shockwave Therapy) OR (Extracorporeal 
Shockwave) OR (Shock Wave Therapy) OR (Shock Wave 
Therapies) OR (Extracorporeal Shock Wave Therapy) OR 
(SWT) OR (ESWT) OR (rESWT) OR (Radial extracorporeal 
shock wave therapy) OR (Radial extracorporeal shock wave 
therapies) OR (Focused shock wave therapy) OR (Focused 
shock wave therapies)))

The second step was performed by a group of experts that dis-
cussed issues related to shockwave therapy in musculoskeletal 
disorders, while another group read the identified manuscripts 
and guidelines related to the topic. The first group consisted 
of 2 physical therapists (ABM and CGNB). Both professionals 
have more than 5 years of experience working in the area as 
clinicians and researchers. In addition, 2 physiotherapists spe-
cializing in musculoskeletal disorders (REL and PD) with exten-
sive experience in the field complemented the initial draft with 
additional modifications. At this stage, the experts held several 
online meetings to discuss the findings and vote on the recom-
mendations. All terms that were approved by the majority of 
experts were considered.

Table 1

Definitions and clinical relevance of each parameter of shockwave therapy equipment.

Parameter (unit of 
measurement) Description Clinical relevance 

Frequency (Hz) Number of pulses per second[22,23] Frequency affects the penetration capacity of the energy into biological tissue, with a lower frequency 
achieving greater energy penetration.[27]

Acoustic energy or 
acoustic intensity

Energy transmitted per unit of area per 
pulse.

The therapeutic effects of the shockwaves depend on the energy distributed in a broad or focused area 
of the treatment zone.[23]

May be expressed as: 
energy density (mJ/
mm²) or pressure (Bar) 
or total energy (mJ)

Future studies need to add an energy 
equivalence table for the device 
employed (pressure in bar × energy 
density in mJ/mm² × energy in mJ) to 
enhance the external validity of the study.

With better delivery of energy density to the tissue, the significant tissue effect generated is the 
mechanical effect and the resulting cavitation of the negative phase of the propagation of the 
shockwave, which can have important consequences regarding the therapeutic bioeffect.[28–30]

 Total energy is defined as energy multiplied 
by the number of pulses.[4,28]

 

Shockwave generator Focused (Focal) radial[22] The shockwave generator determines the depth and concentration of energy of the wave. A focused 
shockwave generator tends to reach deeper tissues and concentrate the energy, meaning that the 
mechanical effect and cavitation occur at a farther distance from the applicator. A radial shockwave 
generator tends to reach more surface tissues with less concentration of energy; thus, the 
mechanical effect and cavitation occur closer to the applicator.[29,30]

  Radial shockwaves tend to have a larger, more dispersed area for the distribution of cavitation—or 
divergence. With a focal shockwave focal, there is more convergence at the site that will have 
the cavitation, with a smaller area of energy concentration, requiring considerable application 
precision.[22] This precision is extremely important to avoid/prevent possible tissue damage due to the 
high concentration of energy in a small area and also so that the energy reaches the target tissue.

Pulses/ Shots Number of pulses during treatment It is through the pulse that the mechanical energy is transferred to the tissue. Thus, the acoustic 
intensity, number of pulses and form of application determine the amount of energy transferred 
to the tissue. After the transference of energy, each tissue may respond in a different manner, 
depending on the focus of the treatment—whether to accelerate the tissue regeneration process or 
achieve the disintegration of calcific conditions.[1,2]
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The third step was a meeting was held to revise the document 
and propose final recommendations. This step consisted of gather-
ing information collected during the review of the literature. The 
authors opted for 2 tables—one focused on the parameters of SWT 
and another describing all that should be reported/performed for 
the administration of SWT in musculoskeletal disorders.

3. Results
Table 1 displays the definitions of the parameters for SWT and 
the clinical relevance of each parameter. Table  2 displays the 
results of how the use of SWT and its parameters should be 
described in studies on musculoskeletal disorders.

4. Discussion
Therapists and researchers should always consider the indica-
tions and contraindications of shockwave therapy (SWT) to 

ensure that the patient is eligible for treatment.[22–26] Researchers 
and clinicians should certify that all exclusion criteria to the 
use of SWT were evaluated, such as the use of a pacemaker 
or coagulation disorders.[24,26] If SWT is applied directly to the 
skin, it is necessary to assess contraindications, such as uncor-
rected bleeding disorders, severe peripheral vascular disease or 
acute infections.[2,3,28] After this initial evaluation, the clinician/
researcher must obtain consent from the patient prior to initi-
ating the intervention. An adequate, precise assessment of the 
entire region to be treated is mandatory to determining the most 
appropriate type of treatment or study/clinical trial design. The 
application site[31,32] and positioning of the patient[33,34] must also 
be taken into account. This type of evaluation should be per-
formed by a specially trained health care provider (e.g., phys-
iotherapist, nurse, physician, etc) to ensure a consistent, precise 
intervention.

Recommendations regarding the safe handling of the device 
should be followed to minimize the risk of injury to the 

Table 2

Description of each application parameter that needs to be reported in studies employing shockwave therapy.

Item Parameter Description 

Patient Positioning: describe the position in which the patient 
received shockwave therapy

Prone or supine, sitting or standing

 Skin preparation: describe how the skin was prepared to 
receive the applicator

Use of support to make patient comfortable

  Furniture/device on which the patient is positioned (chair or examining table)
Localization of 

application site
Use of ultrasound or manual palpation to identify the target 

structure
Detect the desired structure for application.

Local anesthesia Report the use of local anesthesia. If used, describe the anesthetic and quantity; Describe patient comfort (whether patient felt 
pain and degree of pain)

Coupling 
mechanism

Use of conductive gel, lotion or coupling bags Site of use of gel or bags, brand, duration of use

Device Complete description of device Commercial name, brand and model
  Country of manufacturer
  Periodic calibration (if performed)
Type of applicator Electrohydraulic (focal) The way that the energy is generated varies depending on the type of applicator. Thus, 

clinicians should describe what applicator was used for the administration of SWT.
 Electromagnetic (focal)  
 Piezoelectric (focal)  
 Pneumatic (radial)  
 Electromagnetic (radial)[25]  
Form of 

application
Static Depends directly on the area and objective of therapy.

 Dynamic  
Application area Describe the area of application of SWT Depends directly on the form of application and number of pulses in a predetermined area.
  Ex.: 2000 static shots in the gluteal region is different from 2000 scanning shots in the 

same region.
Tip size and 

shape
Describe the size of the tip in mm² and its shape (convex, 

flat or concave)
The stimulus on the tissue and patient comfort can be affected depending on the size of the 

tip.
  The concentration of energy can be affected by the size of the tip. Smaller tips are used for a 

greater concentration of energy, but this has a direct impact on the patient’s sensory level.
  The shape of the tip directly affects the depth and concentration of energy. Tip shape alters 

the form of energy transference to the target tissue.
Tip material Clarify the material of the tip used (metal or polyacetal) The depth of the wave can vary depending on the tip material, type of tissue and adjusted energy.
Treatment Duration of application Time in minutes
 Duration of therapy Number of sessions in which shockwave therapy was administered
 Interval between sessions Number of hours or days between sessions
 Report of patient discomfort Assessment of discomfort during treatment
  Instrument used to assess discomfort (self-report, visual analog scale, etc)
 Reported/observed side effects Any side effects reported or observed during treatment should be described: considerable 

discomfort after the end of the treatment session, petechiae, redness, etc)
 Patient adherence to treatment Percentage of patients who adhered to the entire treatment
  Number of effective sessions/number of sessions planned
 Combined treatment: describe any type of therapy 

performed simultaneously to shockwave therapy
Home-based and/or in-person exercises, medications, educational sessions or any other 

type of therapy used; Describe each therapy in complete detail.
 Result/outcome: describe what variable is the primary 

outcome and the methods used to assess the outcome.
For scientific studies: Functioning, quality of life, pain at rest and when performing activities, 

range of motion, muscle strength, calcific changes, adverse events, etc.
  For clinical practice: Clearly indicate the main objective of therapy.
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patient.[23,25,26] Each country has specific guidelines for mainte-
nance and inspection that must be respected, which is why it is 
important to report the type of device that was used. In most 
countries, necessary maintenance depends on the number of 
pulses that the apparatus can withstand to avoid device failures. 
Operating manuals, models, serial numbers and inspection cer-
tificates need to be up to date.

The therapeutic effects of SWT and side effects in different 
types of tissues have not been fully clarified.[22,35,36] It is hypoth-
esized that the therapeutic effects of shockwaves may be due 
to the direct effect caused by the mechanical pressure and ten-
sion that the waves exert on the tissue, with a change in acous-
tic impedances, and an indirect effect due to the formation of 
cavitation bubbles that induce shearing forces at the site upon 
bursting.[37,38]

Numerous factors can affect the success or failure of SWT, 
such as the use of local anesthesia, the form of application, tip 
size and tip material. Some studies have demonstrated that the 
effect of SWT is dose dependent and can activate or sensitize 
nociceptive fibers. The use of an anesthetic can substantially 
alter these biological responses to SWT.[39–41] Some clinicians/
researchers use anesthetics when employing focused applica-
tors, since the application is deeper and, at times, painful or 
uncomfortable. The use of anesthetics in such cases is to prevent 
probable side effects during and after administration, such as 
intense pain at rest or when moving the treated site, and facili-
tate patient adherence to treatment.

To date, no clinical studies have evaluated whether tip size 
and material and form of application exert a direct or indi-
rect influence on the therapeutic and physiological effects. Tip 
size affects local energy density. Thus, smaller tips are used to 
obtain a greater concentration of energy, which has a direct 
impact on the patient’s sensory level. The depth of the wave 
can vary with the tip material, which can also exert a direct 
influence on patient comfort during the administration of SWT. 
Regarding the form of application, the 2 possibilities are static 
and dynamic (scanning over large area horizontally and verti-
cally). We believe that the form of application can exert a direct 
influence on energy delivery to the target tissue, as scanning can 
lead to a considerable variation in the distribution of energy 
delivered to the tissue.

The coupling mechanisms of the devices for the emission 
of the shockwaves is another factor that needs to be reported. 
Formerly, SWT was applied in water immersion baths, espe-
cially devices developed for lithotripsy. Today, however, the 
technology does not require a large device and SWT involves 
the application of a conductor gel with radial devices or cou-
pling bags with focused devices. However, most studies fail to 
describe this aspect, which can confuse clinicians who have no 
knowledge on the device and the best form of application.[22,23]

Current guidelines are ambiguous regarding the ideal num-
ber of sessions, quantity of pulses per session, duration of the 
application time and interval between sessions.[23,42–44] The lack 
of consensus on these aspects has generated considerable diver-
gences in the literature, which affects clinical decision making. 
Thus, a full description of these parameters should always be 
performed to enable the reproducibility of the application.

Among all these topics, 2 warrant greater attention: the descrip-
tion of the frequency[5,45] and the failure to provide an energy equiv-
alence table of the device used.[5,46] Frequency is directly linked 
to the velocity of energy delivered to the tissue without affecting 
the dose offered. Thus, the target tissue is exposed to energy for 
a shorter time when high frequencies are used compared to low 
frequencies.[45] Hence, a higher frequency translates to a shorter 
application time with the same number of pulses.

The report of the dosimetry is found in a large part of the 
studies and expressed as energy (mJ), energy density (mJ/mm²) 
or pressure (bar). This depends on the device being used and 
type of applicator. However, one should bear in mind that the 
device available to the clinician/researcher may not have the 

same configurations, which hinders reproducibility. This can 
be minimized in future studies by added an energy equivalence 
table, which would enable greater reproduction of the findings 
of a clinical study and enhance its external validity.

5. Conclusions
In the present article, we created tables for the successful report-
ing of parameters and procedures of shockwave therapy for 
musculoskeletal disorders. We recommend the recognition of 
these standards in publications related to the use of SWT. We 
hope that the present report can assist researchers and clinicians 
involved in the rehabilitation of patients with musculoskele-
tal disorders, enabling the adequate, complete description of 
parameters to ensure the reproducibility of the methods, a crit-
ical analysis of the results and the advancement of knowledge 
in this field.

Author contributions
Athilas Braga de Menezes - Investigation; Methodology
Claudio Gregório Nuerberg Back - Formal analysis, Resources
Patricia Driusso - Conceptualization
Richard Eloin Liebano - supervision, Project administration
All authors - Writing, review & editing

References
	 [1]	 Ioppolo F, Rompe JD, Furia J, et al. Clinical application of shock wave 

therapy (SWT) in musculoskeletal disorders. Eur J Phys Rehabil Med. 
2014;50:217–30.

	 [2]	 Wang CJ. An overview of shock wave therapy in musculoskeletal disor-
ders. Chang Gung Med J. 2003;26:220–32.

	 [3]	 Ogden JA, Alvarez RG, Levitt R, et al. Shock wave therapy 
(Orthotripsy®) in musculoskeletal disorders. Clin Orthop Relat Res. 
2001;387:22–40.

	 [4]	 Schmitz C, Császár NB, Milz S, et al. Efficacy and safety of extra-
corporeal shock wave therapy for orthopedic conditions: a system-
atic review on studies listed in the PEDro database. Br Med Bull. 
2015;116:115–38.

	 [5]	 Surace SJ, Deitch J, Johnston RV, et al. Shock wave therapy for rotator 
cuff disease with or without calcification. Cochrane Database Syst Rev. 
2020;3:CD008962.

	 [6]	 Klüter T, Krath A, Stukenberg M, et al. Electromagnetic transduction 
therapy and shockwave therapy in 86 patients with rotator cuff tend-
inopathy: a prospective randomized controlled trial. Electromagn Biol 
Med. 2018;37:175–83.

	 [7]	 Cheng L, Chang S, Qian L, et al. Extracorporeal shock wave therapy 
for isokinetic muscle strength around the knee joint in athletes with 
patellar tendinopathy. J Sports Med Phys Fitness. 2019;59:822–7.

	 [8]	 Speed C. A systematic review of shockwave therapies in soft tissue con-
ditions: focusing on the evidence. Br J Sports Med. 2014;48:1538–42.

	 [9]	 Zhang Q, Fu C, Huang L, et al. Efficacy of extracorporeal shockwave 
therapy on pain and function in myofascial pain syndrome of the tra-
pezius: a systematic review and meta-analysis. Arch Phys Med Rehabil. 
2020;101:1437–46.

	[10]	 Luan S, Zhu ZM, Ruan JL, et al. Randomized trial on comparison of 
the efficacy of extracorporeal shock wave therapy and dry needling in 
myofascial trigger points. Am J Phys Med Rehabil. 2019;98:677–84.

	[11]	 Zhong Z, Liu B, Liu G, et al. A randomized controlled trial on the 
effects of low-dose extracorporeal shockwave therapy in patients with 
knee osteoarthritis. Arch Phys Med Rehabil. 2019;100:1695–702.

	[12]	 Ma H, Zhang W, Shi J, et al. The efficacy and safety of extracorpo-
real shockwave therapy in knee osteoarthritis: a systematic review and 
meta-analysis. Int J Surg. 2020;75:24–34.

	[13]	 Liao CD, Tsauo JY, Liou TH, et al. Clinical efficacy of extracorpo-
real shockwave therapy for knee osteoarthritis: a systematic review 
and meta-regression of randomized controlled trials. Clin Rehabil. 
2019;33:1419–30.

	[14]	 Haffner N, Antonic V, Smolen D, et al. Extracorporeal shockwave ther-
apy (ESWT) ameliorates healing of tibial fracture non-union unrespon-
sive to conventional therapy. Injury. 2016;47:1506–13.

	[15]	 Quadlbauer S, Pezzei C, Beer T, et al. Treatment of scaphoid waist 
nonunion by one, two headless compression screws or plate with or 



5

de Menezes et al.  •  Medicine (2022) 101:32� www.md-journal.com

without additional extracorporeal shockwave therapy. Arch Orthop 
Trauma Surg. 2019;139:281–93.

	[16]	 Loske AM. Medical and biomedical applications of shock waves: the 
state of the art and the near future. In: Ben-Dor G, Sadot O, Igra O, eds. 
30th Int Symp Shock Waves 1. Cham: Springer; 2017;29–34.

	[17]	 Jenkins PA, Carroll JD. How to report low-level laser therapy (LLLT)/
photomedicine dose and beam parameters in clinical and laboratory 
studies. Photomed Laser Surg. 2011;29:785–7.

	[18]	 Barbosa AMP, Parizotto NA, Pedroni CR, et al. How to report elec-
trotherapy parameters and procedures for pelvic floor dysfunction. Int 
Urogynecol J. 2018;29:1747–55.

	[19]	 Quyên, ĐTN. Developing university governance indicators and their 
weighting system using a modified delphi method. Procedia - Soc Behav 
Sci. 2014;141:828–833.

	[20]	 Landeta J, Barrutia J, Lertxundi A. Hybrid delphi: a methodology to 
facilitate contribution from experts in professional contexts. Technol 
Forecast Soc Change. 2011;78:1629–41.

	[21]	 Ferreira CHJ, Driusso P, Haddad JM, et al. A guide to physiotherapy 
in urogynecology for patient care during the COVID-19 pandemic. Int 
Urogynecol J. 2021;32:203–10.

	[22]	 Srinivasan N. Srimathi’s Electrotherapeutic Agents Manual. New Delhi, 
India: Jaypee Brothers Medical Publishers(p)Ltd; 2011:54–75.

	[23]	 Loske AM. “Shock wave lithotripsy,” in medical and biomedical applica-
tions of shock waves. Springer International Publishing; 2017:83–187.

	[24]	 Srivastava RC, Leutloff D, Takayama K, Groenig H, eds. Shock 
Focusing Effect in Medical Science and Sonoluminescence. Berlin: 
Springer; 2003:179–210.

	[25]	 Belanger A-Y. Therapeutic Electrophysical Agents, Evidence Behind 
Practice. 2nd ed. Baltimore, Maryland: Lippincott Williams & 
Williams; 2010.

	[26]	 Prentice WE, Quillen W, Underwood F, eds. Therapeutic Modalities in 
Rehabilitation. 5e. McGraw Hill; 2017.

	[27]	 Telford W, Geldard LP, Sheriff RE. Applied Geophysics. Cambridge 
University Press; 1990.

	[28]	 Ogden JA, Tóth-Kischkat A, Schultheiss R. Principles of shock wave 
therapy. Clin Orthop Relat Res. 2001;8–17.

	[29]	 Choi MJ, Kwon O. Temporal and spectral characteristics of the impul-
sive waves produced by a clinical ballistic shock wave therapy device. 
Ultrasonics. 2021;110:106238.

	[30]	 Perez C, Chen H, Matula TJ, et al. Acoustic field characterization of the 
duolith: measurements and modeling of a clinical shock wave therapy 
device. J Acoust Soc Am. 2013;134:1663–74.

	[31]	 Haake M, Deike B, Thon A. Original articles exact focusing of extra-
corporeal shock. Clin Orthop Relat Res. 2002;323–331.

	[32]	 Gerdesmeyer M, Loew M, Gassel S. Extracorporeal shockwave therapy 
for the treatment of chronic calcifying tendonitis of the rotator cuff. 
JAMA. 2003;290:7–10.

	[33]	 Tornese D, Mattei E, Bandi M, et al. Arm position during extracor-
poreal shock wave therapy for calcifying tendinitis of the shoulder: a 
randomized study. Clin Rehabil. 2011;25:731–9.

	[34]	 Rebuzzi E, Coletti N, Schiavetti S, et al. Arthroscopy surgery versus 
shock wave therapy for chronic calcifying tendinitis of the shoulder. J 
Orthop Traumatol. 2008;9:179–85.

	[35]	 Simplicio CL, Purita J, Murrell W, et al. Extracorporeal shock wave 
therapy mechanisms in musculoskeletal regenerative medicine. J Clin 
Orthop Trauma. 2020;11:S309–18.

	[36]	 Al-Abbad H, Allen S, Morris S, et al. The effects of shockwave ther-
apy on musculoskeletal conditions based on changes in imaging: 
a systematic review and meta-analysis with meta-regression. BMC 
Musculoskelet Disord. 2020;21:1–26.

	[37]	 Császár NB, Angstman NB, Milz S, et al. Radial shock wave devices 
generate cavitation. PLoS One. 2015;10:1–19.

	[38]	 Schmitz C, Depace R. Pain relief by extracorporeal shockwave therapy: 
an update on the current understanding. Urol Res. 2009;37:231–4.

	[39]	 Klonschinski T, Ament SJ, Schlereth T, et al. Application of local 
anesthesia inhibits effects of low-energy Extracorporeal Shock Wave 
Treatment (ESWT) on Nociceptors. Pain Med. 2011;12:1532–7.

	[40]	 Rompe JD, Meurer A, Nafe B, et al. Repetitive low-energy shock wave 
application without local anesthesia is more efficient than repetitive 
low-energy shock wave application with local anesthesia in the treat-
ment of chronic plantar fasciitis. J Orthop Res. 2005;23:931–41.

	[41]	 Haake M, Thon A, Bette M. No influence of low-energy extracorporeal 
shock wave therapy (ESWT) on spinal nociceptive systems. J Orthop 
Sci. 2002;7:97–101.

	[42]	 Bannuru RR, Flavin NE, Vaysbrot E, et al. High-energy extracorporeal 
shock-wave therapy for treating chronic calcific tendinitis of the shoul-
der: a systematic review. Ann Intern Med. 2014;160:542–9.

	[43]	 Sandilos P, Tsalafoutas I, Koutsokalis G, et al. Radiation doses to patients 
from extracorporeal shock wave lithotripsy. Health Phys. 2006;90:583–7.

	[44]	 Testa G, Vescio A, Perez S, et al. Extracorporeal shockwave therapy 
treatment in upper limb diseases: a systematic review. J Clin Med. 
2020;9:453.

	[45]	 Bai X, Li Z, Zhang H, , et al. Study on the accurate effects of radial 
shock wave therapy equipment. Chinese J. Med Instrum. 2013;38:26–9.

	[46]	 Huisstede BMA, Gebremariam L, van der Sande R, et al. Evidence for 
effectiveness of Extracorporal Shock-Wave Therapy (ESWT) to treat 
calcific and non-calcific rotator cuff tendinosis - a systematic review. 
Man Ther. 2011;16:419–33.


