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Simple Summary: Extracorporeal shockwave therapy (ECSWT) is widely used in sport and compan-
ion animals to treat disorders affecting muscles, joints, and bones. Using a shockwave generator, a
probe is applied to the skin over the affected area. Typically, there are one to three treatment sessions
at 1- to 3-week intervals. The scientific basis for the treatment has been queried. This systematic
review evaluated the scientific literature on shockwave therapy used in horses, dogs, and cats. The
review revealed that only weak scientific evidence exists for favourable effects in conditions affecting
bones, ligaments, tendons, and muscles in horses and dogs. No scientific article on the use of shock-
wave therapy in cats was available. Reasons for the weak scientific evidence were that studies were
few, most involved only a small number of animals, many had methodological problems, or, when
favourable results were reported, they were not replicated in independent studies. Thus, in sport and
companion animals, the scientific evidence for the clinical effects of ECSWT in horses, dogs, and cats
is limited. For a few indications, notably short-term pain relief, ligament ailments, and osteoarthritis,
some results appear promising, warranting further exploration in high-quality studies.

Abstract: Background: Extracorporeal shockwave therapy (ECSWT) is increasingly used to treat
different types of musculoskeletal conditions in sport and companion animals. To explore the
scientific basis for the treatment, we conducted a systematic review of the literature on ECSWT used
in horses, dogs, and cats. Methods: Relevant articles published in 1980-2020 were identified from
three major databases. Each article was assessed for risk of bias. Results: The review identified 27
relevant articles on the effects of ECSWT in horses, nine in dogs, but none in cats. Typically, ECSWT
involved one to three treatment sessions at 1- to 3-week intervals. We identified studies on bone
mass and bone healing, wound healing, navicular disease, ligament injury, desmitis, sesamoiditis,
tendon injury, osteoarthritis, and short-term analgesic effects. Common to all indications was that the
scientific evidence was very limited. For each separate indication, there were relatively few studies,
many of which had methodological flaws. Where favorable results were reported, they were usually
not replicated in independent studies. A few encouraging results were found. Conclusions: In sport
and companion animals, the scientific evidence for clinical effects of ECSWT in horses, dogs, and cats
is limited. For some applications, notably short-term pain relief, ligament ailments, and osteoarthritis,
the results seem promising and warrant further exploration in high-quality studies.

Keywords: extracorporeal shockwave therapy; radial shock-wave therapy; veterinary medicine; com-
plementary and alternative veterinary medicine; companion animals; horse; dog; musculosketetal
disorders
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1. Introduction

Extracorporeal shockwave therapy (ECSWT) is increasingly used to treat musculoskele-
tal conditions in both animals and humans [1,2]. In ECSWT, shockwaves are distributed
to the tissue via an applicator directly applied to the affected area [3]. There are several
variants of ECSWT, including focused and radial shockwaves and high-energy as well as
low-energy treatments [3].

The technique was originally developed to dissolve urinary tract stones in humans [4].
Early in this development, it was noted that ECSWT for kidney stones appeared to increase
bone density in nearby bones [4]. This subsequently led to the use of ECSWT in a widening
variety of musculoskeletal indications [1]. Veterinarians as well as complementary and
alternative practitioners treating animals now use the technique to treat, for instance, horses
with tendon and ligament injuries, spinal problems, and arthritis [1].

The mechanism of action is, however, not completely known, and the scientific evi-
dence for any benefits of ECSWT in animals has been questioned [1]. To the best of our
knowledge, no systematic literature review on the effects of ECSWT for clinical indications
in veterinary medicine has been published. The aim of this work was to systematically
review the scientific literature on ECSWT in horses, dogs, and cats, with an emphasis on
the effects on outcomes of clinical relevance.

2. Materials and Methods

This systematic review is part of a broader review project, including a large number of
complementary and alternative veterinary medicine (CAVM) therapies used in sport and
companion animals, reported in this special issue of Animals. In August 2020, professional
librarians searched the literature of the Web of Science Core Collection, the Center for
Agriculture and Bioscience International (CABI) database, and PubMed (1980-2020). The
basic literature search terms, common to all reviews, were dog OR cat OR horse, AND
veterinary medicine OR veterinarian, AND therapy* OR treatment* [5]. For the present
review, the specific search terms were extracorporeal shockwave therapy, radial shockwave
therapy, pulsed shockwave therapy, and electrotherapy. Two authors (HH, ABo) undertook
the selection and review of the articles.

2.1. Review Topic

Assessment of the scientific evidence for clinical efficacy of the use of ECSWT in sport
and companion animals.

2.2. General Inclusion and Exclusion Criteria

The inclusion criteria were that the publication must be in a peer-reviewed journal, be
accessible by the authors through institutional access or internet search, and be a primary
research publication. In the initial search stage, there were no restrictions regarding either
country or language of publication. The study should describe the effects of ECSWT
in the treatment of a single indication in horses, dogs, and cats. The studies should be
randomized controlled trials (RCTs), other interventional studies, or observational studies.
A therapeutic intervention was defined as an intervention intended to reduce the signs,
severity, or duration of a clinical condition. Laboratory experimental studies were included
only if they mimicked a clinical situation and/or a mechanism of action was investigated.
Case series were included only if five or more subjects were reported. Because of risk
of confounding, an exclusion criterion was any intervention that involved any type of
treatment concomitant to ECSWT.

2.3. Study Selection and Categorization

In the screening phase, we identified articles of possible relevance for the review.
Screening was performed based on journal title, publication title, or abstract. Citations
identified were imported into Endnote (X9.3.3, 2018) (Clarivate, London, Great Britain) and
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duplicates were removed. Two authors (ABo and HH) applied inclusion and exclusion
criteria to all ECSWT publications.

Articles identified in the screening phase were selected for full text evaluation. Articles
not accessible from digital library resources were requested via the Swedish University of
Agricultural Sciences library. If the full manuscript was not found following these steps
but an abstract was available, categorization was carried out based on the abstract.

For each study, the following key descriptive items were tabulated using templates
modified from the Swedish Agency for Health Technology Assessment and Assessment of
Social Services (SBU) [6]: first author, year of publication, study design, study population,
intervention, control group, outcome, and relevance (external validity).

Assessment of scientific quality in terms of risk of bias of each article was carried out
in accordance with the Cochrane [7] and SBU [6] guidelines (Supplementary Material). The
assessment was based on the following items: study design, statistical power, deviation
from planned therapy, loss to follow-up, type of outcome assessment, and relevance. In
observational studies, risk of confounding factors was also included in the assessment. To
ensure consistency, prior to starting the literature review, three of the authors (KA, HH,
AB) independently screened a random sample of articles; differences were discussed and
resolved before reviewing all articles.

To summarize the body of evidence for each indication in which ECSWT was applied,
we used the GRADE system [6,7]. It categorizes the certainty of evidence as ‘high’, ‘moder-
ate’, ‘low’, or ‘very low’ by taking into account the following criteria of relevance for the
present review: (a) risk of bias or other limitations in study design and implementation, (b)
unexplained heterogeneity or inconsistency of results, and (c) imprecision of results (low
statistical power). There are also domains that may increase the certainty of evidence: large
effects, a dose-response gradient, and plausible confounding leading to the underestimation
of effects. The writing of the paper has been conducted following the PRISMA 2022 check
list. The study has not been registered in PROSPERO since it is not for human health.

3. Results
3.1. Characteristics of the Literature

Of a total of 116 articles screened for possible relevance in this review, 36 studies
fulfilled the inclusion criteria (see Figure 1).

Of the included studies, 27 were performed in horses (one of which reported on three
different clinical conditions) [8], nine in dogs, and none in cats. The first article fulfilling
our inclusion criteria was published in 1994 [9]. During the years 2004-2009, there was a
surge in the number of articles, with more than half of all articles being published during
this period (Figure 2). Since then, there has been a modest growth of literature evaluating
ECSWT, with zero to two articles published each year. Sixteen of the included articles
reported on follow-up of ECSWT in a group of at least five animals (clinical cohort study);
of these, four had a control group and 12 did not. Most of the clinical cohort studies had a
high risk of bias. Seven publications reported on RCTs, of which three studies had low and
four had a moderate risk of bias. Another 11 were experimental studies in sound horses;
seven of these studies had a low risk of bias.
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Figure 1. Flow diagram of the stages of the selection process used for identification of studies eligible
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Figure 2. Accumulated number of articles fulfilling the inclusion criteria for systematic reviews of
studies evaluating ECSWT in sport and companion animals published during 1993-2020.
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Eighteen of the publications were from the USA, five from Germany, three each from
Austria, Brazil, and Canada, and two each from Switzerland and the UK. Key characteristics
of the ECSWT treatment reported in the publications (number of sessions, treatment
intervals, number of pulses per ECSWT session, energy density (or similar)) are given
in Tables 1 and 2. The tables also summarize information on study population, controls,
outcome variables, main results, and study risk of bias.

Table 1. ECSWT in horses: Characteristics of studies included in the systematic review. Fibroblast
growth factor-7 (FGF-7), Transforming growth factor-p1 (TGF-f1), Insulin-like growth factor-1
(IGF-1), Platelet derived growth factor-A (PDGF), Vascular endothelial growth factor-A (VEGEF).

Main ECSWT:
Author [Ref.] Study Design  Study Population NN et atans Control. OQutcome Main Result Study Risk of
Publication Year udy Deslg udy Yopulatio Enerey Flux ontrols Variables a esults Bias
County St
Bone mass
Pyles [10] Experimental thgn(-) oiom%dr ed 3 sessions bf:en ;leass/t;ic;iy;)f Temporary moderate
2011 p trolled h ](g) treated 2000 pulses Untreated fracture (by decrease in bone mass, High
Brazil controfle Orfgsc((,mr;?:) ed, 0.15 mJ /mm? ult'rast7)121rc\ld) during statistically significant.
ays
. : - No statistically significant
Ringer [11 . 2 sessions . Scintigraphy and ) Yy Sig
é% [11] Experimental 6 sound horses 2000 pulses Contralateraldhmh thermography for differences between the Low
Swizerland controlled 0.15 m] /mm? untreate: 19 davs two groups at
. Y any timepoint.
Wound healing
14 sound horses . ECSWT associated with
Link [12 with induced 6 sessions Exprfﬁsfl Ofl o red_uced TG-F_Bl
ink [12] Experimental forelimb wounds Untreated wound growth factors expression and increased
2013 P 900 pulses Low
controlled (6 of which were in the same horse (FGF-7, TGF-B1, IGF-1 expression at 35-da
Canada : 0.11 mJ/mm? 1GF-1 P Y
rAepoArted in - PDGF VE’GF) follow-up. No changes in
Silveira [14]) 4 other growth factors.
Mean healing time
P significantly shorter in
6 sound horses Weekly sessions Quantification of wounds treated by ECSWT
Morgan [13] . b il heali granulation tissue, .
Experimental with induced until healing Untreated wound . (74 days) than in control
2009 P radio, h Y L
tacarpal 500 pulses in the same horse 0grap s, d (90 d: Anal ow
Canada controlled me 1% P histology, wound (¢ ays). Analyses
wounds 0.11 mJ/mm? . Lo of biopsies failed to
immunohistology . . .
identify a mechanism
of action.
ECSWT associated with
6 sound horses 4 sessions Blinded clinical mcrealset(.i fortmat1on (Z;{
Silveira [14] . with induced oo assessments of granulation fissue an
2010 Experimental forelimb wounds ,625 p ulsgs Untreated wound wounds, histology, reduced signs of Low
Canada controlled (included in No information on in the same horse immuno- inflammation at the
Link [12]) energy density histochemistry follow-up at 6-8 weeks. No
effect on healing.
Navicular disease
2 sessions At follow-up 6 weeks
Blum [15] 43 hor ith 1200 pulses at Clinical posttreatment, 47% treated
2005 Clinical cohort i la diesase either the frog or None examination and at the frog and 80% treated High
Germany the0b1|.151b (if/ the }zleel lameness score at the bulb of the heel were
.15 mJ/mm assessed as sound.
1 session Force-plate In contrast to effects of
Br(’z\"él(')lg)[m] Clinical cohort, 9 horses with 3000 pulses Palmar digital local measurements local anaesthetics, ECSWT Moderat
German controlled lameness No information on anesthetics (ground reaction had no beneficial acute oderate
Y energy density forces) for 7 days effects.
. 3 sessions Radiographs,
Byron [17] 8 horses with -
2009 Clinical cohort unilateral forelimb ?OOO pulges None scintigraphy at No obsEe(r:\é%;ingffect of High
USA lameness No information on follow-up at .
energy density 14-20 days
Clinical
examinations
24 sessions bef(él;iltrza}igent, Clinical improvement at
Urh%gl; 8] Clinical cohort 12 horses with Total 1000-1500 None trea}t,ment ?Oﬁh 3 mong};slgrkilzl ?,/ti Hich
inical cohor i iseas ulses at 2-3 sites <2 ths), aft ollow-up: o 1g
Germany navicular disease P (<2 months), after “No notable

0.15 mJ/mm?

3 months, at
6 months, and ata
later timepoint (up
to 30 months).

adverse effects”.
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Table 1. Cont.

Main E(f:SWT:
No. of Sessions .
Author [Ref.] . . Outcome . Study Risk of
Publication Year Study Design Study Population I\I{:(I)l.etr)f P;}f&s Controls Variables Main Results Bias
Country D 8y.
ensity
Ligament injury, desmitis, and sesamoiditis
10 sound horses ECSWT appeared to
. Ultrasound, . .
. with : . : i stimulate the healing
Caminoto [18] . : 1 3 sessions Untreated induced microscopy, o )
2005 Experlmﬁnéal expie;glrl’lce:éa y 1500 pulses lesion in the same immunohisto- process, as measured by Low
Brazil controlle SuSpensor 0.15 mJ/mm? horse chemistry followed l?;)(t;lll:ultlrasound and
ligamell:')nt desr{\itis for 14 weeks {nﬁbi(ey});];):eess won
64 horses with 3 sessions Return to work,
Crowe [21] . fqrelimb or 2000 pulses lameness score, At follow-up, 52% of the
2004 Clinical cohort hindlimb proximal : pu's None ultrasound at horses had returned to High
UK suspensory No information on 6 months full work
ligament desmitis energy density posttreatment i
76% of ECSWT-treated
. 96 horses with _ PSR . horses had returned to full Moderate
Guinta [19] Randomized proximal 18 gosessllons Platelet-rich Visual analog scale work one year (large number
2019 lled trial pulses 1 for work, lameness 67% of
USA controlled trial suspensory 015 m]/mmz plasma score, ultrasound posttreatment vs. 0 O of horses lost
desmitis . . horses treated with to follow-up)
platelet-rich plasma.
At 12 weeks: 80% with
forelimb and 40% with
Lischer [22 52 horses with 3 sessions Lafrlx;exrilgistzg(t)re, hindlimb desmitis assessed
[22] 2
. chronic proximal 1 as sound. -
2006 Clinical cohort SUSPeNSOr 2000 pulses None ultrasound at At5 hs: 53% with High
UK pensory 0.15 mJ/mm? 12 weeks and t 5 months: 53% wi
desmitis . 6 months forelimb and 41% with
hindlimb desmitis assessed
as sound.
30 horses with
p : 6 months posttreatment,
. 31 horses with 1-6 sessions chronic proximal Lameness score 71% of ECSWT-treated
Loffzeol(c)lz[23] Clinical cohort, chronic proximal (mean 3) SLcllsel:;;nist?sry followed for horses had resumed full Moderate
Germany controlled Sl‘ljlspen'sgry 2000 PUISeSZ retrospecti;/e 6 months work vs. 50% of controls
esmitis 0.16 mJ/mm’ . i posttreatment (statistically
me drie:allevreg ords significant difference).
Injections of a Of 28 horses receiving
mixture of local ECSWT, 18 were assessed
anesthetics, amino Clinical as healgd and 8 ash
. : ids, two - TS improved at 6-mont]
. 47 horses with 2 sessions, ca. acias, to examination and
Siedler [20] Clinical cohort, proximal 10-day interval h? meppathlcs, ultrasonography follow-uPA
2003 vitamin B, and X Of 19 horses in the Moderate
Austria controlled suspensory 2000 pulses heparin, A (m. interosseous >
desmitis 0.49 mJ/mm? 1:; d d medius) 6 months _comparison group
confounde after ECSWT (mixture of medicines), 11
control group (not were healed and 5 had
included in this improved.
review) No statistical analyses.
Clinical Clinical improvement at 3
H ith examinations months: insertion
}())rrgiisnvlvall before treatment, desmopathy 26/34 (77%),
Urhahne [8] suspensory 2-4 sessions early after éEi'SalmollfilfIS 7/10 (70%)
2005 Clinical cohort ligament desmitis 1000-1500 pulses None treatment (<2 inical improvement at High
German —34)and 0.15 m] /mm? months), after 3 late follow-up: insertion
y (n = 34) an -15 mj/ mm’ months, at 6 desmopathy 27/34 (79%),
sesamoiditis (n = months, and at a dits 6710 (60%
10) later timepoint (u sesamoiditis 6/10 (60%)
P! P “No notable adverse
to 30 months) effects”.
Tendon injury
At 3 h, glycosaminoglycan
. and protein synthesis had
Glycosammoglycan increased and there was
Bosch an?h protelnd disorganization of the
0S¢ . 2 sessions syntheses ar normal collagen structure.
2007 and 2009 Experimental 6 sound Shetland 1200 pulses Untreated histology of At 6 weeks posttreatment, Moderate
[24,25] controlled ponies 2 contralateral limb tendinous .
USA 0.14 mJ/mm’ structures 3 h and 6 glycosaminoglycan and
weeks after protein synthesis was
decreased and there was
increased collagen
disorganization.
Return to racing
(follow-up 45 days -
Hunter [26] S A 2.3 sessions S months). ookt D e e
2004 Case series superficial digital 1800-2000 pulses None Ultrasound: lesion re-i,n'ured and High
usA P & 0.13-0.15 m]J / mm? size, lesion J

flexor tendonitis

echogenicity, fiber
alignment.

1 was retired.
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Table 1. Cont.
Autll:garliﬁ{ef 1 . . No. }Eo(f:ss‘e/‘;gons Outcome . Study Risk of
Publication Year Study Design Study Population I\I{:(I)l tr)f P;}sis Controls Variables Main Results %ias
Country ]§ 8y L u
ensity
Osteoarthritis
Degree of lameness
significantly lower in the
ECSWT-treated group than
Two control in the two control groups.
i roups: sham inations of s i
Frisbie 2009 and inctuced earpal 7 eecions BCoWTprobe  Lamenessscore, T e s
Kawcak 2011 Experimental joint osteoarthritis = (8 horses), ynovial cartilage, and subcortical
j 1500-2000 pulses analysis, histolo 8¢ Low
[27,28] controlled (8 ECSWT-treated 0.14 m]/mm? polysulfated Yt dove & bone did not identify any
USA horses and two ’ glycosamino- 4 possible mechanism of the
trol posttreatment
control groups) glycan for 4 weeks clinical effects of ECSWT.
(8 horses) Changes in circulating
biomarkers suggested
some degree of bone
remodeling.

McCarroll [29] 1 session exangini;ltiicoanl and ” ngi(zgsgjslégrfefgsé)a?ad
2002 Clinical cohort 74 hagult horses 2000 pulses None radiographs follov;/-up ca. 3 months High
USA with bone spavin 0.89 m]/mm? 11-16 weeks after after treatment.

: treatment No changes at examination
by radiography.
Clinical
b efxaminations Clinical improvement at 3
2—4 sessions, © oreltreaément, months: 4/9 horses (44 %).
Urhahne [8] 9 horses with 3—-4-week intervals ??éa}t]xier?: Clinical improvement at
2005 Clinical cohort spavin T(ital 100207315400 None (<2 months), after late follow-up: 3/9 horses High
Germany pulses at 2— sges 3 months, at 6 (33 %).
0.15 mJ / mm’ months, and at a “No notable .
later timepoint (up adverse effects”.
to 30 months)
Analgesic effects
Ultrasonography
) 3 sessions, 21-day and clinical tests: Results suggest the
10 horses with back : lameness treatment to have positive
Alves et al. [34] L pain and 1nterv«iﬂs. 500 evaluation, effects on all horses, .
ég()z‘)ﬂ Clinical cohort thoracolumbar 0.15 pl; ses,z None palpation at evaluated by clinical High
desmitis . mI mm, per baseline and after lameness scoring and
lesion site the last treatment ultrasound.
at 90 days
Reduced conduction
velocity in the sensory
Conduction nerves at 3 and 7 days after
Ve!ocity of the treatment, with some
Bolt [30 1 session U d medial a“g( la{e{al effects remaining after
olt [30] Experimental 2000 pulses ntreate pamar digita 35 days.
2004 a 6 sound horses . . contralateral sensory nerves et Moderate
USA controlled No information on forelimb durine 35 davs Transmission electron
energy density Osmge atmer}{t microscopy of treated
P Flectron : nerves: disruption of the
microscopy myelin sheath persisting at
35 days but no damage to
Schwann bodies or axons.
Cutaneous
1 session analgesia S .
Bolt [31] Experimental 2000 pulses Untreated evaluated by No sngmf}cant dlffgrences
2004 b 12 sound horses ; - contralateral . between intervention and Moderate
USA controlled No information on forelimb withdrawal reflex control areas,
energy density latency during 48 h ’
posttreatment
9 horses with
unilateral forelimb : Lameness score, :

Dahlberg [35] . lameness (6 with 280863551?‘ kinetic force plate Temporary reduction of .
2006 Clinical cohort navicular puises None . lameness following High
USA . 2 analysis for 7 days . .

syndrome, 3 with 0.14 mJ/mm’ posttreatment ECSWT, duration 2 days.
osteoarthritis)
Mechanical nociceptive
threshold increased
.. significantly at 35-day
Clinical ~
12 h ith assessment, thereatier v 56 o
Trager [33] h sicoarlS:\S/ i‘g;:nce 3 sessions pressure algometer ereafter up to ays
%020 Clinical cohort P 1¥ba X pain on 1500 pulses None recordings, posttreatment. The High
UsA 01 back pain o 0.13 mJ/mm? ultrasound of multifidus muscle
examination multifidus muscle cross-sectional area did not
radiography ! change. Degree of
radiographic change was
not associated with
response to treatment.
1 session
Three intervention No significant changes in

Waldern [32] groups: 1000 and Skin sensitivity . PP

2005 Experimental 1%lsou(;1g warm 2000 pulses None tested during 48 h skin sensitivity in any of Low
Switzerland 00d horses (0.15 mJ/mm?) and posttreatment the groups d'urmg the 48-h
pneumatic observation period.

shockwaves




Animals 2022, 12,3124 8 of 18
Table 2. ECSWT in dogs: Characteristics of studies included in the systematic review.
ECSWT:
Main Author (Ref.) No. of Sessions .
Publication Year Study Design Study Population No. of Pulses Controls 8;?;%‘1': Main Results Stg?%g;?k
Country Energy Flux
Density
Bone healing
39 dogs with cranial
cruciate ligament
rupture undergoing P : No difference in any
Barnes [37] Randomized tibial tuberosity Sosians Radiographs, outcome measure between
2015 : 1000 pulses No ECSWT . Low
USA controlled trial advancement surgery 0.15 mJ /mm? densitometry ECSWT and non-ECSWT
with or without ’ groups.
autogenous cancellous
bone graft
Peak vertical force and
vertical impulse (reflecting
Pain score, joint weight bearing) increased
Barnes [36] Randomized 16 dogs undergoing 2 sessions range of motion, faster and were
2019 cogaoﬁrendlztiial tibial plateau leveling 1000 pulses No ECSWT kinetic force plate significantly higher in the Moderate
USA osteotomy. 0.15 mJ/mm? analysis during ECSWT-treated group at
8-week follow-up 8-week follow-up. Pain
score and joint range of
motion did not differ.
Authors reported
Johannes [9] Randomized 10 dogs with non-union 1-2 sessions Radiographs at significant difference in M‘Eﬁ)e‘;ate
1994 controlled trial fractures, 5 of whom 4000 pulses No ECSWT 12 weeks healing at follow-up (5/5 statistical
Germany received ECSWT 0.54 mJ/mm? posttreatment in ECSWT group, 1/5 in power)
control group).
. . Radiographs, 2 Median healing score was
Kieves [38] R . 42 dogs undergoing 2 sessions N ! e N N
andomized o R 1000 pul: different scoring significantly higher in
2015 controlled trial tibial plateau leveling puses Sham ECSWT systems to quantify ECSWT-treated dogs Moderate
USA osteotomy. 0.15 mJ/mm?
bone healing 8 weeks postoperatively.
Ligament desmitis
Mean thickness of patellar
ligament significantly
30 dogs with unilateral . Radiograph lower in ECSWT-treated
Gallagher [39] Randomized patellar ligament 2 sessions I & de/ dogs at 6- and 8-week
2012 controlled trial desmitis after tibial 600 pulses No ECSWT u(}fl?z?ll:zg follow-ups. The difference Low
USA plateau leveling 0.15 mJ /mm? measurements) was small (10-15%). No
osteotomy differences in signs of
ligament disruption and
periligament edema.
Tendon injuries
At late follow-up (mean
95 weeks after the last
treatment), 17 of the 20
. . 29 dogs diagnosed with . owners available for
Leel’;oalrl6 [40] REtTOSPeg“"e(mEdlcal supraspinatus or 750{%88%‘%1515% None Owner assessment follow-up assessment Hich
Ush reﬁg;tf()ﬂ;m infraspinatus 0.14-0.15 m] /mm? of outcome reported good to excellent &
tendinopathies 14-015 mJ/mm outcome. Ten of the dogs
were still on medications or
nutraceuticals for
shoulder problems.
Osteoarthritis
Bockstahler [43] 12 dog§ With 3 sessions Kinetic force plate Significant improvement in
s osteoarthritis of the 1000 pul analysis before . g .
2006 Clinical cohort elbow confirmed by pulses None treatment and gait-symmetry indices at High
i 2
Austria radiography 0.15 mJ/mm’ 4 weeks later the 4-week follow-up.
During a 98-day
observation period,
ECSWT-treated dogs
. showed little change at
Dahlberg [41] 3 sessions Kinetic f;)rc'e plate kinetic force plate analysis
ahlber; : ith st analysis, ;
200§ Rﬁgdﬁn:ilzt??al 14 d(:gs th}t‘hA ihﬂe 3600 pulses No ECSWT goniometry, owner ;a rtld tgorllllorr‘etr.};(nott Low
USA controlle osteoarthritis 0.14 m]/mm? questionnaire statistically significant),
(blinded) whereas sham-treated dogs
worsened significantly.
Symptoms reported by the
dog owners did not differ
between the two groups.
Significant improvements
in vertical
Kinetic force plate impulse and peak vertical
Mueller [42 3 sessions analysis before force were observed
ue20%1'7[ ] Clinical cohort, 24 dogs with hip 2000 pulses No ECSWT treatment and at 6 3 months after the Hich
Austria controlled osteoarthritis No information on weeks, 3 months, treatment in 8

energy density

and 6 months
posttreatment

ECSWT-treated dogs but

not in the control group

(but the groups were not
balanced at onset).

3.2. Horses

Detailed information on the equine studies’ design, study population, dosages (mJ/mm?),
outcomes, results, and study risk of bias are presented in Table 1.
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3.2.1. Bone Mass

Experimental studies. In a non-randomized trial with a moderate risk of bias, the
ECSWT effects (three sessions with 3-week intervals) on the elasticity of metacarpal bone
tissue and bone mass was investigated in 10 healthy thoroughbred racehorses [10]. Ten
non-treated horses constituted the control group. During a 72-day follow-up a statistically
significant temporary decrease in bone mass was observed.

In another experimental study with low risk of bias, six healthy horses were subjected
to ECSWT (two sessions with a 16-day interval) at two locations in the forelimb: the origin
of the suspensory ligament and the fourth metacarpal bone [11]. Using scintigraphy to mea-
sure radiopharmaceutical activity ratios, no significant differences in radiopharmaceutical
activity ratios between the two groups were observed at the 19-day follow-up.

Owerall assessment of published studies. Experimental studies in sound horses showed
that the certainty of evidence (as assessed by GRADE, see Methods) for beneficial or
detrimental effects of ECSWT on bone mass or radiopharmaceutical activity ratios were
very low because of inconsistent results and low statistical power (imprecision).

3.2.2. Wound Healing

Experimental studies of induced wounds. We identified three reports from two different
experimental studies in which ECSWT was used to stimulate the healing of induced
wounds in horses [12-14].

In a controlled experimental study with a low risk of bias, six healthy horses were
treated with ECSWT; induced wounds in the contralateral limb were used as the control [14].
The results suggested that active treatment reduced the formation of granulation tissue and
reduced signs of inflammation. However, ECSWT did not accelerate healing.

In an enlarged study involving 14 horses with experimentally induced forelimb ulcers,
the same research group compared growth factors in ECSWT-treated ulcers and non-
treated ulcers in the contralateral forelimb [12]. ECSWT was associated with reduced
TGF-B1 expression and increased IGF-1 expression, but there were no changes in another
five investigated growth factors.

An experimental study with a low risk of bias evaluated the effects of ECSWT on
the healing of experimentally-induced metatarsal wounds in six horses [13]. Time to
complete healing was compared with the healing of non-treated lesions in the same horses.
ECSWT was applied at one-week intervals until the wound had healed. Mean healing
time was significantly shorter in wounds treated by ECSWT (74 days) than in control
wounds (90 days). Analyses of biopsies failed to identify a mechanism of action for the
improved healing.

Owerall assessment of published studies. The certainty of evidence for beneficial effects
in clinical practice was low because only experimental studies on the effects of ECSWT in
induced wounds have been published and their statistical power was low (imprecision).
However, two of the studies indicated beneficial effects.

3.2.3. Navicular Disease

Clinical cohort studies. Four prospective cohort studies on navicular disease in horses
were identified [8,15-17], only one of which had a control group [16]. The four studies were
all assessed as having a high risk of bias.

A non-randomized study examined ECSWT given at two different sites during two
sessions with a 4week interval in 42 horses with navicular disease: straight to the frog and
to the bulb of the heel [15]. There was no control group. After a 6-week observation period,
47% of the horses treated against the frog were sound and 80% of the horses treated against
the bulb of the heel were sound.

Byron et al. [17] examined radiographic changes in the navicular bone area with ra-
diography and scintigraphy after a single ECSWT session and concluded that the therapy
had no acute effect. According to the authors, analgesia rather than effects on local tis-
sue metabolism can explain possible positive clinical effects observed in clinical practice.
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Another cohort study quantified lameness using force-plate analysis in nine horses with
navicular disease [16]. No beneficial acute effect of ECSWT applied to the radicular bone
area and the heel bulb was observed. This was in contrast to palmar digital local anesthetics,
which significantly reduced lameness.

In a cohort study without a control group, assessed to have a high risk of bias, 12 horses
with navicular disease received ECSWT (two to four sessions with 3- to 4-week intervals) [8].
At clinical follow-up examinations at 3 months, six horses were sound and at 6 months,
five of these horses remained sound.

Ovwerall assessment of published studies. The certainty of evidence for the beneficial effects
of ECSWT in horses with navicular disease was very low because of inferior study design
with a high risk of bias and heterogeneous results (inconsistency).

3.2.4. Ligament Injury, Desmitis, and Sesamoiditis

Experimental study. In an experimental study with a low risk of bias, suspensory
ligament desmitis was induced in both hind-limbs of 10 horses [18]. One of the limbs was
then treated with ECSWT (three treatments at 3-week intervals); the other hindlimb served
as a control. The active therapy appeared to stimulate the healing process as measured by
both ultrasound and TGF expression in biopsies.

Randomized controlled trial. An RCT compared the effects of ECSWT (one to three
treatments at 1-week intervals) and platelet-rich plasma in 96 horses with fore- or hind
limb lameness localized to the proximal suspensory ligament [19]. Although both initial
and short-term follow-ups were conducted blinded to treatment assignments, the trial was
assessed as having a high risk of bias due to a high drop-out rate and a long-term follow-up
that relied on phone calls instead of clinical examinations or diagnostic imaging. A higher
proportion (26/34) of ECSWT-treated horses than horses treated with platelet-rich plasma
(16/24) had returned to full work after one year (76% vs. 67%).

Non-randomized clinical trial. In a non-randomized study with a moderate risk of
bias, Siedler et al. [20] assigned 47 horses with proximal suspensory desmitis to either
two sessions of ECSWT with an approximately 10-day interval, or local injections of a
mixture of local anesthetics, amino acids, homeopathic remedies, vitamin B, and heparin.
At the 6-month follow-up of the 28 horses receiving ECSWT, at clinical examination 18
were assessed as healed and eight as improved. Of the 19 horses in the comparison group
(mixture of medicines), 11 were assessed as healed and five as improved.

Clinical cohort studies. Crowe et al. [21] followed 64 horses treated with ECSWT (three
treatments at 2-week intervals) for chronic or recurrent proximal suspensory desmitis.
There were no controls, and the study was assessed to have a high risk of bias. At the
6-month follow-up, 52% of horses had returned to full work.

In a second cohort study with moderate risk of bias, 52 horses with chronic proximal
suspensory desmitis were treated with ECSWT (3 sessions at 3-week intervals) [22]. No
controls were used. At the 12-week follow-up, 80% with forelimb and 40% with hindlimb
desmitis were assessed as sound. At 6 months, the proportions of sound horses were 53%
and 41%, respectively.

In a non-randomized controlled cohort study with a high risk of bias, Loffeld et al. [23]
followed 31 horses treated with ECSWT (one to six treatments) for chronic proximal
suspensory desmitis. By 6 months after treatment, 71% of the ECSWT-treated horses
had resumed full work. In the control group receiving conventional treatment, 50% had
returned to full work. The difference between the two groups was statistically significant.

In a cohort study without a control group and assessed to have a high risk of bias,
34 horses with insertion desmopathy (including chronic proximal suspensory ligament
desmitis) were treated with ECSWT (two to four sessions with 3-to 4-week intervals) [8].
At clinical follow-up examinations, 26 horses were reported to have improved at 3 months,
and 27 had improved at late follow-up (up to 30 months).

In the same study, 10 horses with sesamoiditis were treated with ECSWT (two to four
sessions with 3- to 4-week intervals) [8]. At clinical follow-up examinations, seven of the
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horses were reported to have improved at 3 months, six of which were also improved at
the late follow-up (up to 30 months).

Owerall assessment of published studies. The certainty of evidence for favorable effects
of ECSWT in horses with ligament injury, desmitis, or sesamoiditis was very low because
of the high risk of bias in most studies. However, the positive results of one RCT, one
non-randomized trial, and two observational studies, despite having a high or moderate
risk of bias, could warrant the high-quality evaluation of ECSWT in these conditions.

3.2.5. Tendon Injury

Experimental study. In an experimental study with a high risk of bias, the effects
of ECSWT (two sessions with a 6-week interval) on biochemical parameters, tenocyte
metabolism, and histology of tendinous structures were evaluated in six healthy Shetland
ponies [24,25]. The contralateral limb was used as a control. Three hours after the last
treatment, glycosaminoglycan and protein synthesis was increased, but synthesis decreased
6 weeks after treatment. Histologically, a disorganization of the normal collagen structure
was observed 3 h after ECSWT. Remnants of the first treatment were still visible after
6 weeks. The authors concluded that short-term stimulating effects of ECSWT might
accelerate the initiation of the healing process in an injured tendon [25], but there were also
early signs of disorganization of the tendon collagen network [24]. The long-term effects
seemed less beneficial.

Case series. Hunter et al. [26] described a case series, with high risk of bias, involv-
ing eight racehorses with damage to the deep flexor tendon treated by ECSWT (single
treatment). Five of the eight horses returned to successful racing.

Ovwerall assessment of published studies. Scientific information on clinical effects of ECSWT
on tendon injuries in horses is sparse. The certainty of evidence for beneficial effects was
graded as very low.

3.2.6. Osteoarthritis

Experimental study. In a randomized experimental study with a low risk of bias,
Frisbie et al. [27] induced osteoarthritis in a carpal joint of 24 horses, of which eight were
treated with ECSWT (two treatments with a 2-week interval), eight with a sham ECSWT
probe, and eight with polysulfated glycosaminoglycan for 4 weeks. Clinical parameters
were assessed by surgeons blinded to treatment assignments. At clinical examinations
70 days after the induction of osteoarthritis (56 days after onset of therapy), the degree
of lameness was significantly lower in the ECSWT-treated group than in the two control
groups. Examinations of synovial fluid, synovial membranes, cartilage, and subcortical
bone were unable to identify any possible mechanism of the clinical effects of ECSWT [27].
However, changes in circulating biomarkers suggested that ECSWT caused some degree of
bone remodeling [28].

Clinical cohort study. In a cohort study with a high risk of bias, Urhahne et al. [8]
followed the clinical course of nine horses diagnosed with bone spavin and treated with
ECSWT (two to four sessions with 3- to 4-week intervals). At clinical examination 3 months
after the treatment, four horses were assessed as improved. At late follow-up (up to 30
months), three horses had improved compared with baseline.

In another cohort study with a high risk of bias, McCarroll [29] reported the outcome
of 74 horses diagnosed with bone spavin and treated with a single session of ECSWT. At
follow-up approximately 3 months after treatment, 59 of the horses were assessed to have
reduced lameness. Compared with baseline, there were no radiological changes.

Overall assessment of published studies. A randomized study on experimentally induced
arthritis, of uncertain relevance for clinical osteoarthritis, suggests the beneficial effects of
ECSWT. In clinical cohort studies, certainty of evidence for beneficial effects of ECSWT in
horses with osteoarthritis was very low because of the high risk of bias.
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3.2.7. Analgesic Effects

Experimental studies. Three experimental studies on the possible analgesic effects
of ECSWT in healthy horses were identified [30-32]. One of the aims of the studies
was to explore analgesia as an adverse effect, possibly increasing the risk of injuries
during exercise.

Bolt et al. [30] investigated the effects of ECSWT on the conduction velocity of the
medial and lateral palmar digital sensory nerves of the forelimb in six sound horses. The
risk of bias in this study was assessed as moderate. The corresponding nerves on the
contralateral side served as controls. After a single ECSWT session, reduced conduction
velocity in the sensory nerves was observed at 3 and 7 days after treatment, with some
effects remaining after 35 days.

In an experimental study with a high risk of bias, the same authors examined the acute
cutaneous analgesic effects of ECSWT in the metacarpal region of 12 sound horses [31]. The
opposite corresponding cutaneous area served as the control. No significant differences
between intervention and control areas was observed.

In a third experimental study with a low risk of bias, 18 sound horses were randomly
allocated to one of three groups: ECSWT with either 1000 or 2000 pulses or radial pressure
wave treatment (2000 pulses) delivered by a pneumatic shockwave generator [32]. No
significant changes in skin sensitivity were recorded in any of the groups during a 48-h
observation period.

Clinical cohort studies. In 12 horses with thoracolumbar pain, the effects of ECSWT
(three treatments with 2-week intervals) were assessed with a pressure algometer measur-
ing mechanical nociceptive threshold (MNT) [33]. There was no control group, and the
study was assessed as having a moderate risk of bias. The majority of the horses showed
improvements in MNT during a 56-day follow-up. The multifidus muscle cross-sectional
area, measured by ultrasonography, did not change.

In another clinical cohort study without controls and a high risk of bias, Alves et al. [34]
treated 12 horses with back pain and thoracolumbar desmitis. The authors reported
improvement in clinical lameness at 90 days after treatment and improvement in tissue
echogenicity assessed by ultrasonography at 120 days after the last treatment session.

Based on gait analyses, an acute, short-term analgesic effect was demonstrated after a
single ECSWT session in nine horses with lameness [35]. Depending on the outcome variable
measured, the analgesic effect of ECSWT was similar or even inferior to local anesthesia.

Owerall assessment of published studies. There is some, albeit inconsistent, evidence that
ECSWT has short-term analgesic effects in horses. The certainty of evidence for these effects
was graded as low because of heterogeneous results (inconsistency) and low statistical
power in all studies (imprecision).

3.3. Dogs

Table 2 presents the study design, study population, dosages (mJ/mm?), outcomes,
results, and study risk of bias for reports on dogs.

3.3.1. Bone Healing

Randomized controlled trials. Three RCTs examining the effects of ECSWT on bone
healing in dogs undergoing osteotomy for cranial cruciate ligament injury were identi-
fied [36-38].

In one of the RCTs with a moderate risk of bias, 42 dogs with cruciate ligament
rupture that underwent tibial plateau levelling osteotomy (TPLO) were randomized into
two groups: (1) ECSWT immediately after surgery and 2 weeks later or (2) no ECSWT [38].
Radiographs with blinded assessments and clinical scorings showed improved bone healing
in ECSWT-treated dogs.

A similar RCT, assessed to have a low risk of bias, involved 39 dogs with cruciate
ligament injury that underwent TPLO surgery [37]. Using radiographs and densiometry,
no differences were observed in bone healing between dogs randomized to ECSWT imme-
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diately after surgery and four weeks postoperatively or no ECSWT. Blinding of assessment
was not described in this study.

In a third RCT, also with a moderate risk of bias, 16 dogs undergoing TPLO were
randomized to ECSWT immediately after surgery and 2 weeks later or TPLO only [36].
Eight weeks after surgery, improved peak vertical force (PVF) was observed in ECSWT-
treated dogs, whereas no improvement was seen in the control group. However, pain
scores did not differ between the two groups. Information on blinding was not provided.

In an RCT with a moderate risk of bias (low statistical power), 10 dogs with non-union
fractures, of whom five received ECSWT and five non-treated dogs constituted a control
group, were followed for 12 weeks using objective outcome measures, radiographs, and
histology. Healing was observed in four of the five treated dogs versus one of the five
non-treated dogs [9].

Owerall assessment of published studies. Promising results of ECSWT on bone healing
have been reported. However, in the RCT with the lowest risk of bias, no beneficial effects
were observed. Further research regarding bone healing is warranted.

3.3.2. Ligament Desmitis

Randomized controlled trial. An RCT with a low risk of bias included 30 dogs with
patellar ligament desmitis after TPLO surgery [39]. Half of the dogs were randomized to
two ECSWT sessions 4 and 6 weeks after TPLO, with untreated dogs serving as controls.
At 6 and 8 weeks after surgery, the patellar tendon was significantly less thick in the dogs
that received ECSWT, suggesting beneficial effects on patella desmitis. With blinded ultra-
sonography assessment, no significant differences emerged between the two experimental
groups with regard to signs of ligament disruption and periligament edema.

Owerall assessment of published studies. The certainty of evidence for beneficial effects
of ECSWT in dogs with ligament desmitis was graded as low because only one RCT with
limited statistical power is currently available. The results require replication.

3.3.3. Tendon Injuries

Retrospective clinical study. In a retrospective study with a moderate risk of bias, 29 dogs
with supraspinatus and infraspinatus tendinopathies were treated with ECSWT (one to
three treatment sessions) [40]. At late follow-up (mean 95 weeks after the last treatment),
the owners of 17 of the 20 dogs available for follow-up assessment reported good to
excellent outcomes. Ten of the dogs were still on medications or nutraceuticals for shoulder
problems.

Ovwerall assessment of published studies. Only one retrospective study (inferior study
design) is available. The certainty of evidence for beneficial effects of ECSWT in dogs with
tendon injuries was therefore graded as very low.

3.3.4. Osteoarthritis

Randomized controlled study. In a study with a low risk of bias, 14 dogs with stifle
osteoarthritis were randomly assigned to ECSWT (three treatments with 3-week intervals)
or no ECSWT [41]. During a 98-day observation period, the ECSWT-treated dogs showed
little change in kinetic force plate analysis and goniometry (not statistically significant),
whereas sham-treated dogs worsened significantly. Symptoms reported by the dog owners,
blinded to treatment groups, at follow-up did not differ between the two groups.

Clinical cohort studies. In a non-randomized study with a high risk of bias, Mueller
et al. [42] investigated the effects of ECSWT (weekly treatments for 3 weeks) in 18 dogs
with hip osteoarthritis relative to a control group of eight osteoarthritic dogs left untreated.
At the six months follow-up, the authors reported an improvement in the lameness in dogs
treated with ECSWT. In untreated dogs, no improvement was observed.

In another report from the same research group, 12 dogs with osteoarthritis of the
elbow were treated with ECSWT weekly for 3 weeks [43]. There was no control group, and
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the study was assessed to have a high risk of bias. Over a 4-week observation period after
the last treatment, improved gait was reported.

Owerall assessment of published studies. The certainty of evidence for beneficial effects of
ECSWT in dogs with osteoarthritis was graded as low; only one RCT with limited statistical
power is available, and two observational studies have a high risk of bias. The somewhat
encouraging results require replication.

3.4. Cats

No relevant study in cats was identified.

4. Discussion

ECSWT has been evaluated in seven indications in horses and in four indications in
dogs; the scientific evidence was not strong enough in any of these to support the clinical
effects of ECSWT. For a few indications, this review shows results that warrant further
studies of the effects of ECSWT.

Of the 36 studies reviewed, 10 met the criteria for low risk of bias. Many of the
studies were observational without a control group (or an inadequate control group).
The extent to which the reported beneficial effects of ECSWT can be distinguished from
spontaneous recovery is therefore difficult to assess. Of observational or interventional
studies with a control group, few were large enough to have sufficient statistical power to
detect significant differences between the groups. With many small studies, the risk of a
type I error (a false-positive finding) in any of them increases. The results of our systematic
literature review are in line with a recent non-systematic literature review focusing on
ECSWT in the treatment of tendon and ligament injuries in horses [3]. That review found
favorable effects of ECSWT in multiple musculoskeletal conditions but noted the poor
quality of the experimental design in many studies.

There are likely several reasons why high-quality studies of ECSWT have seldom been
performed in sport and companion animals. One possible explanation is that ECSWT is
already accepted as an effective treatment method in veterinary medicine based on clinical
experiences and the positive effects reported. Furthermore, evaluation of the study design
of many of the studies covered by our review indicates that there is limited experience on
how to conduct research of sufficient quality to provide justification for the research and
veterinary practice community to accept or discard the therapy.

For many methods used in CAVM, possibly also including ECSWT, the incentives to
improve the scientific evidence may be limited if there is an animal owner-driven market
for the method; it seems likely that few CAVM customers ask for scientific documentation.
Furthermore, CAVM therapists may be sceptical about the design of academic studies.
In the human complementary and alternative medicine community, there is widespread
criticism of randomized controlled studies as the pivotal high-quality standard to evaluate
the effects of a therapy (e.g., [44]).

ECSWT is distinguished from many other CAVM therapies in that it is well-defined
and, as our review shows, the way it is administered is relatively uniform (although the
number of treatment sessions varies). In contrast to CAVM therapies like homeopathy,
crystal therapy, or healing, ECSWT is based on conventional explanatory models gener-
ally accepted by the scientific community. The limited information available on possible
mechanisms of action of ECSWT in animals with musculoskeletal problems suggests early
stimulating effects on glycosaminoglycan and protein syntheses [24] and some modifying
effects on growth factors in wounds [12]. In wounds, there are also some limited results
indicating that ECSWT may reduce the formation of granulation tissue and inflammation in
induced wounds in horses [14]. Studies of ECSWT effects in human musculoskeletal tissue
have shown similar results but also additional possible mechanisms: neovascularization,
anti-inflammatory effects, and the promotion of stem cell proliferation [45]. In the studies
covered by our review, it should be noted that changes in various tissue biomarkers were
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not always accompanied by measurable clinical improvement, and that there are studies
failing to show any mechanism of action despite extensive laboratory investigations.

In comparison with other CAVM methods, most of the ECSWT treatments, at least in
Scandinavia, are given at veterinary practices, and this is preceded by a diagnostic work-up
conducted by a veterinarian. In addition, ECSWT often requires sedation of the animal,
which in many countries limits the use of this method to veterinarians.

No major long-term adverse effects of ECSWT have been reported in the articles
included in the present review. However, an experimental study in healthy horses reported
contradictory results on bone mass [10]. There has also been a concern that analgesic effects
(for which there is some, albeit inconsistent, evidence) may increase the risk of injuries
during exercise. An underlying, subclinical injury may be masked by the possible analgesic
effects from the ECSWT treatment, allowing exercise and training to continue although
tissues would require rest to avoid injury.

For none of the indications was the scientific evidence for ECSWT strong enough to
include this therapy in routine veterinary practice; the studies have been negative, or they
have been of insufficient quality, or the results of similar studies have been contradictory.
For some indications, however, some beneficial results were reported, warranting further
exploration in high-quality studies. One such group of indications is ligament injury and
desmitis, where some encouraging results have been reported in both horses and dogs. Other
indications worthy of further exploration are wound healing in horses and osteoarthritis in
dogs. Short- and long-term analgesic effects of ECSWT also warrant investigation.

The main strength of our review is that this is, to the best of our knowledge, the first
systematic literature review of the effects of ECSWT in sport and companion animals. We
used established methods for the literature search, a selection of relevant articles, and
extracting of information from the articles. Risk of bias in individual articles was based on
templates developed by the Cochrane Collaboration [7] and the Swedish Agency for Health
Technology Assessment and Assessment of Social Services (SBU) [6], and the certainty of
evidence was assessed by the well-established GRADE system [6,7]. Professional librarians
performed the literature search, and the search terms were selected after a pilot literature
search. The broad search strategy had low specificity; only 36 of 116 articles initially
identified by title and/or abstract (31.0%) eventually fulfilled the inclusion criteria.

A limitation for drawing conclusions on the treatment effects of ECSWT in sport
and companion animals is the vast heterogeneity of the studies included in the review.
This heterogeneity concerns study design, use of controls, statistical power, outcome
measurements, and time to follow-up. The large share of low-quality studies with a high
risk of bias is problematic but constitutes in itself a basis for the overall assessment of the
present strength of scientific evidence. Because of the heterogeneity between the studies
and since the number of studies was low for each species/indication combination, pooled
statistical analysis with meta-analysis was not feasible. A further limitation is that in order
to avoid confounding, no studies on the combination of ECSWT with other concomitant
therapies were included.

As the aim of the literature review was to evaluate the scientific literature in sport and
companion animals, the search was restricted to horses, dogs, and cats. Had more species
had been included, additional publications could possibly have been identified, extending
the information provided.

Researchers considering further studies of ECSWT in animals should discuss the
results and how they can be interpreted from the perspective of previous studies and
the working hypotheses. The findings and their implications should be discussed in the
broadest context possible. Future research directions may also be highlighted.

5. Conclusions

The present systematic review has revealed significant gaps in scientific knowledge
regarding the effects of ECSWT in horses and dogs. For the use of ECSWT in cats, no
scientific articles were retrieved. For some of the musculoskeletal indications, at least some
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research documentation was available in horses and/or dogs. However, due to small
sample sizes, lack of control groups, and other methodological limitations, few articles
with a low risk of bias were identified. Where beneficial results were reported, they were
seldom replicated in independent studies.

The large proportion of studies with a high risk of bias emphasizes the need for more
high-quality research using precise methodologies to evaluate the potential therapeutic
effects of ECSWT. For a few indications, notably wound healing, ligament injuries, desmitis,
and osteoarthritis, some results seem interesting enough to warrant further exploration
in high-quality observational or interventional studies. The possible analgesic effects of
ECSWT may also be subject to more in-depth investigations. At present, the scientific
evidence for the clinical effect of ECSWT in sport and companion animals is limited.

Supplementary Materials: Manual for assessment of risk of bias and relevance can be downloaded
at: https://www.mdpi.com/article/10.3390/ani12223124/s1.
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