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Titlee Complications of extracorporeal shockwave therapy in plantar fasciitis:

Systematic review

Abstract:

Background

Extracorporeal shockwave therapy (ESWT) seems amleffective treatment for plantar
fasciitis (PF) and is assumed to be safe. No sysiemeviews have been published that
specifically studied the complications and sideefs of ESWT in treating PF. Aim of this
systematic review is therefore to evaluate the dmaipons and side effects of ESWT in
order to determine whether ESWT is a safe treatfioeiRF.

Methods

For this systematic review the databases PubMedIMEE, Cochrane and Embase were
used to search for relevant literature betweemiiaky 2005 and 1 January 2017. PRISMA
guidelines were followed.

Results

Thirty-nine studies were included for this revieepresenting 2493 patients (2697 heels) who
received between 6424 and 6497 ESWT treatmenssssiith an energy flux density between 0.01
mJ/mnfand 0.64 mJ/mfrand a frequency of 1000-3800 SWs. Average follpwas 14.7 months
(range: 24 hours - 6 years). Two complications oecli precordial pain and a superficial skin
infection after regional anaesthesia. AccordingR5 patients reported pain during treatment and 247
reported transient red skin after treatment. Tearigdain after treatment, dysesthesia, swelling,
ecchymosis and/or petechiae, severe headachangrarsd a throbbing sensation were also reported.
Conclusion

ESWT is likely a safe treatment for PF. No compilaras are expected at one-year follow-up.

However, according to the current literature loag¥t complications are unknown. Better descriptions
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of treatment protocols, patient characteristics ragiistration of complications and side effects,
especially pain during treatment, are recommended.

Key words: complications, side effects, adverse events tatdasciitis, ESWT,

extracorporeal shock wave therapy, plantar fastigpaafe, safety.

1. Introduction

Plantar fasciitis (PF) is the most common caudeeef pain and accounts for up to 15% of all
foot symptoms requiring medical care.[1][2]it is associated with significant morbidity,
resulting in activity limitations for the affectgatients’’ PF accounts for approximately 1%
of all patient visits to orthopaedic surgeons ia thited State$.

The aetiology of PF is poorly understood.[2,8] BEhiought to be caused by biomechanical
overstress of the insertion of the plantar fasaidh@ calcaneal tuberosity.[2] Discussion of its
biomechanical aetiology usually involves the wirsdlanechanism and an increased tension of
the plantar fascia during gait.[2] Mechanical owed, irrespective of whether it is the result
of biomechanical deviations, obesity, or work hsloit prolonged standing and running, may
contribute to the symptoms. This makes it mordyike be a chronic degenerative process
than acute inflammation.[2]

Diagnosis can be made with reasonable certainth@basis of clinical assessment aldne.
PF is characterised by pain at the calcaneal oafjihe plantar fascia that is usually worse
with the first steps in the morning or after a pdrof inactivity. The pain becomes worse by
extended duration of weight bearing. Additionattiese findings, there is localised
tenderness during palpation at the insertion ofdlseia during physical examination.[9,10]

The standard treatments of PF are conservativeuresathat include insoles, shoe
modification, physical therapy, stretching exersjsgght splints and nonsteroidal anti-
inflammatory drugs (NSAIDs).[1,3] After failure tiiese conservative treatments,

corticosteroid injections can be given.[1,3] Fdractable cases, surgical procedures like
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fasciotomy are performed.[1,3] An alternative namasive treatment can be Extracorporeal
Shock Wave Therapy (ESWT), which is used in variousis of tendinopathy, including
PF.[2,8,11]

Shockwave treatment is commonly used in the maneageatf tendon injuries and there is
increasing evidence for its clinical effectivengk2] There is a paucity of fundamental (in
vivo) studies investigating the biological actimishockwave therapy. Destruction of
calcifications, pain relief and mechanotransductiotiated tissue regeneration and
remodelling of the tendon are considered to bertbst important working mechanisms.[12]
A shockwave is a special, non-linear type of presstave with a short rise time (around
10us).[13,14] There are two types of shockwave thefapyhe generation and application on
human tendons: focused shockwave therapy (FSWTjaxhdl shockwave therapy (RSWT).
Focused shockwaves are characterised by a prdsddrihat converges at a selected depth in
the body tissues, where the maximal pressure cheel[11,14] FSWT can be generated
using three methods: electrohydraulic, electromagaad piezoelectric.[11,14] The
difference between the three methods of generaitre time at which the shockwave
forms.[15] Radial shockwaves are characterised diyerging pressure field, which reaches
maximal pressure at the source, and they are merrgeed in water.[14]

When applying ESWT several important variables &hbe taken into account. Next to the
type of ESWT, variety may occur in the amount aidtwaves given (SWs), number of
treatment sessions and in-between intervals, adtration of anaesthesia and energy flux
density (EFD, in mJ/mfi). EFD refers to the concentrated SW energy perarea and is a
term used to reflect the flow of SW energy perpeuldirly to the direction of propagation; it
is taken as one of the most important descriptarampeters of SW dosage.[16] Low-energy

ESWT is an EFD 0£0.12 mJ/mmz2, and high-energy ESWT is >0.12 mJi®,17]
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The heterogeneity of systems (FSWT vs. RSWT), meat protocols and study
populations, and the fact that there seem to hmrekers and non-responders, continue
getting in the way of giving firm recommendationsan optimal shockwave therapy
approach.[12]

Many studies have investigated the effectivene€sSWT in treating PF. Studies published
before 2005 show variable outcomes. This may haea lue to the limited experience of the
healthcare providers who performed the ESWT antioshockwave devices they used. The
literature now shows a decade-old trend. Recem¢saic reviews and meta-analyses show
ESWT to be an effective treatment with successagdween 50% and 94%.[2,16,18]

Efficacy of ESWT for PF has been established inctimeent literature and assumptions
about patient safety have been made in severakstoder the past ten years.[11,19] The
2010 guideline of the American College of Foot &mile Surgeons described it to be a safe
treatment for PF.[20] However, little has been mh#d about the complications and side
effects of ESWT. There are indeed known complicetithat occurred for other indications
during ESWT. For example, two cases of osteonexinghe humeral head after ESWT have
been described after treating tendons of the seoJ®i,22]

Patient safety in ESWT for PF should be evaluaded,fascia ruptures, osteonecrosis and
damage to nerves or other structures must be takeaccount. More insight into side effects
like pain, which might interfere with treatment ce& and compliance, is also important.

To our knowledge there are no systematic revieasdpecifically focus on the
complications of ESWT in treating PF. Hence thiglgtaims to systematically review which
complications and side effects of ESWT have beparted and how often in order to

determine whether ESWT is a safe treatment for PF.

2. Methods
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This systematic review was conducted using themagendations of the Cochrane Adverse
Effects Methods Group about systematic reviewsletese effects, and it was performed in
accordance with the Preferred Reporting Items jete&8natic Reviews and Meta-analyses
(PRISMA) guidelines (see Fig. 1 for flow diagrar@2g[24]

2.1 Inclusion and exclusion criteria

The databases PubMed, MEDLINE, Cochrane and Embaseused to search for relevant
literature. Studies were pre-selected based ofotlosving inclusion criteria: humans; date of
publication between 1 January 2005 and 31 Dece(i8; full text available in English,
German or Dutch; the title or abstracts suggest&da@y about patients with PF treated with
ESWT. Conference publications, letters to authooges, systematic reviews and meta-
analyses were excluded.

2.2 Search strategy

Using a PICO (P: patients with plantar fasciitiE£8WT, C: —, O: side effects and
complications), the following search was conduatéti filters for articles from the year
2005:((((extracorporeal shockwave therapy) OR eswt) OR shockwave therapy)) AND
((((plantar fasciitis) OR heel spur) OR heel pain) OR plantar fasciopathy). We also
performed expanded searches with the terms ‘coatpits’, ‘side effects’ and ‘adverse
effects’.

2.3 Study selection and data extraction

Two reviewers completed the same search in thdds¢s and article extraction
independently. A pre-selection was made by scregtities and abstracts of the studies. Next,
eligibility was assessed by reading the full textiéetermine whether side effects and/or
complications were mentioned. Articles that destibide effects and/or complications were
included. Search results were compared afterwardslsagreements were settled by

discussion, with the possibility to consult a thiediewer in case of uncertainties.
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Complications were defined as: unexpected or unodatile symptoms during or after
treatment that did not resolve within two weeksa dreatment-caused unintended and
undesirable event or condition that requires extealical care or which affects the patient’s
health and functioning for a period of time, withvathout irreparable damage. Side effects
were defined as unexpected or uncomfortable symptlumng or after treatment that
resolved within two weeks of treatment. If the demce of reported complications and/or side
effects were not provided, we tried to completeaata by contacting the authors.

The overall incidence of complications and thedecice per complication were calculated
over the total study population of all includeddses. Outcomes were given in percentages.
Patient numbers from studies that reported the mumbcomplications were included in the
denominator in order to calculate the minimal knomgidence. Although the actual
incidence in those cases is higher, it could givendication of the severity of complications.
The same method was used for the incidence ofe$idets. Dropouts at final follow-up
without explanation were noted.

2.4 Methodological quality

PRISMA guidelines were followed.[23] Within thiswiew only studies that specifically
reported whether there were complications andfe sffects were included. There is a lack
of evidence for the relevance of quality tools nalgise complications and side effects.[24]
Assessing the methodological quality on the prinmaricomes of the included studies is not
useful.[24] The outcomes may be of high quality, this probably does not correlate with the
outcomes about complications and side effects.[Pd]estimate the quality of our results, we
determined how complications and/or side effecteevessessed based on the advice of the
Cochrane Adverse Effects Methods Group.[24] Givendharacter of this review and the
heterogeneity of the included study designs, it m@gpossible to conduct a standard risk-of-

bias assessment.
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2.5 Statistical evaluation

From the extracted papers 2x2 tables were consttpatith number of participants with or
without pain during ESWT treatment in the coluniiariables tested for their possible
influence on pain were: dosagel® mJ/mni or >12 mJ/mrf), type of ESWT (radial
[RSWT] or focused [FSWT]), type of administratiagrddually rising or constant level) and
use of a local anaesthetic (yes or no). Odds r&éy and 95% confidence intervals (95%
Cl) were calculated for each of these variables.

3. Results

3.1 Study selection

Thirty-nine studies were included for this revieselgction process is shown in Figure 1). The
search results are provided in Table 1. The exphedarches with the terms ‘complications’,
‘side effects’ and ‘adverse effects’ resulted iwée hits and did not add to the present search.
We therefore choose to withdraw those searches.stubes described the same study
group, but with a different follow-up.[37,62] Thaudy with the longest follow-up was

included for this review.[37]

3.2 Study characteristics

2493 patients were included in this study, reprisgr2697 heels receiving between 6424
and 6497 ESWT sessions. The review included RCF85) prospective comparative
studies (n=2), prospective cohort studies (n=9)ratspective cohort studies (n=3). Table 1
displays the characteristics per study. None osthdies fully explained their methods for
assessing complications and/or side effects, ajffh@ome did partially (n=13). Most of the
studies (n=26) mentioned complications and/or sitiects, but did not explain how these
were assessed. Some studies did not report thlemmz of side effects. We tried to complete
our data by contacting the authors of those studibikh was successful in two cases.[38,59]

3.3 Patient characteristics
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Age range was 18-87 years. The exact ratio of feahale patients is unknown, because
some studies (n=5) did not mention this. Pain domgireceding treatment ranged from 2-240
months. 126 patients were lost to follow-up withtwrther explanation.

3.4 Treatment characteristics

Fourteen studies (n=14) did not mention essemgalinent details, like used EFD, type of

ESWT and/or device used.

3.4.1 Dose
319 patients were treated with low-dose ESWT (rahgé-0.12 mJ/mf) and 1645 patients
received high-dose ESWT (range 0.13-0.64 m»mi®7 patients were treated with EFD

between 0.01-0.15 mJ/ninfor 332 patients the used EFD is not known.

3.4.2 Type of ESNT
FSWT was used in most studies (n=22), some studied RSWT (n=12), and five studies

did not describe their type of ESWT (n=5).

3.4.3 Number of treatments and intervals

Treatments varied from one to eight sessions. Blew of 39 studies performed a single-
session treatment (28%). Nineteen studies (49%Wedkly intervals between the sessions.
Furthermore, two studies had daily intervals, aeotine had three-day intervals, two studies
had two-week intervals, three studies had four wéekhree months intervals, and for one

study intervals are unknown.

3.4.4 Anaesthesia
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Ten studies (26%) used local anaesthesia for st it of their study group. One study

admitted conscious sedation anaesthesia.

3.4.5 Used devices

Used devices were: Swiss dolorclast (n=7), Epaa @t=5), Duolith (n=4), Ossatron (n=3),
Piezoson 100 (n=2), Sonocur plus (n=2), ModulitikK§h=2), Vibrolith (n=1), D-actor 200
(n=1), Orthospec (n=1), Lithotripter (n=1), MinflitSL1 (n=1), Stonelith V5 lithotripter
(n=1), D-Actor 200 (n=1), Masterpuls MP 100 (n=mhyaMasterpuls MP 200 (n=1). Five

studies did not specify which device was used.

3.4.6 Follow-up

Average follow-up was 14.7 months (range: 24 h@&uygars). It was not described whether
the studies with 2-6 years follow-up registered pboations at final follow-up.

3.5 Findings

3.5.1 Complications

Thirty-three studies described whether complicatioocurred (n=2229). Two complications
(0.09%) within this study population occurred irotaifferent studies.[26,46] One study
mentioned one patient with precordial pain andlaatecardiogram (ECG) that showed a
partial bundle branch block.[46] The other studywhich a tibial nerve block was given at
every treatment session, described a single casapefficial skin infection that did not

require surgical treatment.[26]

3.5.2 Sde effects
Thirty studies mentioned whether side effects aexli(n=2105), yet only 25 reported on the

incidence. The other five studies did report siifiects like pain during treatment, transient



225 redness of the skin and ecchymosis, but did natritesthe incidence. Based on the studies
226  that reported incidence of events, 403 out of I®8dients (20.7%) had side effects of ESWT.
227  Pain during treatment was reported 225 times (1),.6%nsient red skin after treatment

228 occurred 249 times. Dysesthesia (n=9), swellin@{necchymosis and/or petechiae (n=7),
229 severe headache (n=4), bruising (n=3), throbbingateon (n=2) and pain after treatment <1
230 week (n=2) were also reported.

231

232 3.5.3Pain

233  Several variables seem to influence the risk foiepés to report pain during treatment. Ten
234  out of 20 (50%) studies using high-dose ESWT armldut of nine low-dose studies (22%)
235 reported pain during treatment. Low-dose ESWT tesnla reduced risk of pain during

236 treatment compared to high-dose ESWT (OR: 0.54%[23: 0.373-0.806]). Gradually

237  progressively administered ESWT has a lower chémoeeporting pain during treatment

238 compared to direct administration at a constant EvBl (OR: 0.048 [95% CI: 0.025-

239 0.0916]). FSWT appears to decrease the risk oéiptstreporting pain during treatment

240 compared to RSWT (OR: 0.069 [95% CI. 0.049-0.097¢cal anaesthesia seems to result in
241  alower chance of pain during treatment (OR 0.&&84 CI: 0.459-0.935]).

242 4. Discussion

243  This is the first study in which reports on ESWTreveystematically reviewed for incidence
244 and type of complications and side effects wheatitng PF. Of the studies that were assessed
245  for eligibility (n=53), most described whether cdmations occurred (n=39). Only in two

246  studies complications actually occured. Twenty-fivg of 30 studies described frequency of
247  side effects. Pain during treatment (n=9) and testsed skin (n=5) were the most reported
248  side effects in the included studies. Transienhesd of the skin is commonly reported, but

249 has no therapeutic or clinical relevancy.
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This study represents literature from 2005 to 20d®ur opinion, current literature of the
past decade is representative of today’'s ESWT agprbecause of the currently used
devices, executive healthcare providers and tregtpretocols. Most studies did not
specifically describe how they registered compima and/or side effects, resulting in poor
quality of the individual outcomes per study onsihnégems. However, combining the data
represents all current available evidence abouiptioations and side effects from ESWT for
PF.

In a large group of patients (n=2229) only two ctiogtions were described. Neither seems
to be directly related to treatment with ESWT. Aeaf a superficial skin infection along the
medial hind foot is described by Chuckpaiwong 28] They used local anaesthesia in
every treatment. Even though it is not mentioned pessible explanation, the skin infection
may be due to the injections used for a tibial edyock instead of directly related to the
effect of the shockwaves on the skin.[26]

The other complication occurred in the study ofaMioicola et al. One patient had
precordial pain during treatment with a partial ®kenbranch block on his ECG.[46] We have
searched for cardiac complications during or d8WT. A review of Roehrig et al.
describes cardiac arrhythmias in animal studiesN&Breferences are provided. A related
finding from a study by Perouansky et al., focusadhe urinary tract, describes an acute
myocardial infarction after ESWT for lithotripsyh@& urinary tract is a different anatomical
region with specific approaches and treatment pa$o[64] Since we did not find any other
cardiac arrhythmias due to ESWT for musculoskelea#thologies in humans, one can
conclude these cardiac complications are very unoom and it is doubtful whether a partial
bundle branch block is directly related to ESWTl,S&tome caution is needed when applying

ESWT in cardiac patients, as stress and anxietyragger cardiac events.

11
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Pain during treatment was the most reported si@getein=225 out of n= 1820 participants).
We evaluated whether specific ESWT characteriste® related to a higher incidence of
pain. Our statistical analysis shows that using FS@R: 0.069 [95% CI: 0.049-0.097)),
low-dose ESWT (OR 0.549 [95% CI: 0.37-0.81]), gr@tuprogressively administered
ESWT (OR: 0.048 [95% CI: 0.025-0.0916]) and logzesthesia (0.655 [95% ClI: 0.459-
0.935]) are associated with less pain during treatm

Based on the efficacy of different treatments, wnght consider the choice between FSWT
or RSWT and low- or high-dose ESWT as standardafherA recent systematic review by
Speed et al. concluded that low-dose therapy fgeicteve for PF.[16] Two RCTs included in
our systematic review comparing low -and high-déS&/T showed no significant
differences in efficacy though.[41,42] Neither stwdas included by Speed et al.; one did not
meet their inclusion criteria (no suitable shanatmeent) and the other fell outside the range
of publication years.[16,41,42] From the perspectVour findings, low-dose ESWT and its
effectiveness for pain might need better evaluation

Local anaesthesia appears to have a smaller impabe incidence of pain than adjusting
the type and EFD. Two RCTs demonstrated that thécapion of local anaesthesia during
ESWT might contribute to decreased effects whenpaosed with the same treatment without
anaesthesia.[40,52] The mechanisms underlyingotitegomenon are not yet fully
understood.[65-67]

Gradually progressively administered ESWT and FSWih seem to reduce the chances of
experiencing pain during treatment. These findiegsradict Schmitz et al., who described
low-dose RSWT as generally less painful and bétlerated by patients than FSWT.[68]
However, most studies that used progressive adiratien also used FSWT, therefore causal
pathways are unclear and we are unable to asseéds @ffthe choices actually leads to the

protective effect against pain. As RSWT and FSWhdt seem to differ in their

12
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efficacy[68], it would be useful to study theseiahtes separately.

Other possible ways to reduce pain during treatrtteritwe could not ascertain with the
information provided in the articles from the revienight be the use of other techniques to
administer the SWs. By adjusting the direction 8¥¥T as described by Tornesse et al, a
tangential technique seems to be more tolerable&trtunately, there are no other studies
about this method.

There are some limitations that should be takemaetount when interpreting the results of
this study. It cannot be determined whether thezeaasociations between pain during
treatment and given SWs, treatment frequenciegtnent intervals and used devices. This is
due to the large variety in these items and therbgeneity of study designs.

Another limitation is that the results of this spuzhnnot be generalised to all patients with
PF. Patients with a history of osteomyelitis, rhatimdisorders, plantar fascia ruptures,
former foot surgery, corticosteroid injections RIF, malignancy of the lower extremities and
pregnancy were excluded from all studies. For tipegients it is uncertain whether the
technique should be used and whether complicatanse expected.

Bias in the review process has been minimisedishstill present. We noticed
contradictions in reported events between the wadestudies. Some studies describe pain
during treatment and redness of the skin in alrtiesst entire study population. Others only
mention that no side effects occurred. Severalissustate that no complications occurred but
fail to mention the reasons for dropouts (n=126)retl follow-up. It is questionable whether
those studies claiming no side effects used the ssmwessment criteria than studies that did
report side effects. There are also multiple vemnet in EFD, shockwaves, number of
treatments, gradual administration techniques seatrhent intervals. Some of the reviewed
studies (n=14) did not mention essential treatrdetdils, which should be included in every

study about ESWT, like the used EFD, type of ESWd/ar used device. This makes it more

13



324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

difficult to compare outcomes. Overall, the diffeces between treatments and study designs
and the inconsistency in registering complicatiand side effects makes our results prone to
bias.

With respect of the aforementioned limitationss tteview shows very unlikely
expectations of any treatment-related complicatishen treating PF with ESWT. No cases
of osteonecrosis, fascia ruptures, neoplasm or ttba@ment-related complications have been
confirmed by this study. However, average followwsgs 14.7 months and there is a lack of
evidence for 5- or 10-years follow-up. Neoplasnscia ruptures and osteonecrosis could
occur as long-term complications. This is not knamd should be evaluated.

An important and commonly reported side effectasmmluring treatment. Pain seems to be
influenced by the type of ESWT, EFD, direct or pexgive administration and use of
anaesthesia. Pain could be a reason for patientsage therapy.[19,32] More insight into
pain level in relation to treatment protocol carcheically relevant towards making ESWT
an even better-tolerated treatment for PF. Less Ipelps reduce number of dropouts. We
therefore recommend, besides a better descripfiobraiment protocol and study population,
improving registration of complications and sidéeefs, especially pain during treatment.

5. Conclusions and recommendations

This study showed that both low- and high-dose ESA\éTsafe treatments for PF.
Complications during the first follow-up year aftee last ESWT treatment are very unlikely.
Long-term complications are not described in theent literature. Common side effects are
pain during treatment and transient erythema. Braiimg treatment could be a reason for
patients to cease therapy. We therefore recommegnstering complications and side effects
accurately, especially pain during treatment. Thés be helpful in developing the most
effective and best-tolerated treatment protocols.
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were effective for improving pain
and functional ability.
Greve et al.[35]| RCT 16 -Mean age 47.3 + low dose 3 months Swiss Both treatments were effective to No
10.3 (25-68) RSWT Dolorclast reduce pain and improve functiongl
-M/F ? EFD? (Electro abilities. Effect of shockwaves
-PD >3 months 2000 SWs Medical appeared to be quicker than
3 sessions, weekly intervals Systems) physiotherapy after treatment onset
(p>0.05)
Hofling et Prosp 21 (22 -Mean age 50 £ 10 low-energy 72+15 Modulith Significant decrease in overall pain Pain during treatment No
al.[36] cohort heels) (30-68) gradually progressive administered | days SLK (Storz (VAS55+1.8vs.33+£27,p=
study -M/F 5/17 FSWT Medical) 0.001), maximum pain (7.7 £ 2.1
-PD mean 22 EFD? vs. 4.0 + 3.9, p = 0.008) and ADL
months (6-108) 2500-3000 SWs pain (5.3+2.1vs.25+26,p=
single session 0.018). Night pain decreased to a
lesser extent (2.4 +2.5vs. 1.3+
2.1, p=0.317).
Ibrahim et RCT 25 -Mean age 56.6 (26 high dose 2 years Swiss Mean pre-treatment VAS for - pain and/or No
al.[37] 87) RSWT Dolorclast rESWT and placebo groups: 8.5 discomfort during
-M/F 7/18 0.16 mJ/mrhA (Electro and 8.9, resp. Mean VAS scores treatment (n=3)
-PD >6 months 2000 SWs Medical for ESWT and placebo groups 1, B,- minor red skin (n=1)
2 sessions, weekly interval Systems) 6, 12 and 24 months post-treatment:
0.6,1.1,0.5, 2.3; 1.4 (p<0.001); 7.5,
7.7,7.4,6.9;and 5.6 (p <.001)
resp.
Krishnan et Prosp 25 -Age 30-70 high dose 4 weeks D-Actor 20 23 patients (92%)ntel pain during treatment No




al.[38] cohort -M/F 9/16 - RSWT (Storz moderate-to-high satisfaction with| (n=16)
study -PD >6 months, - 0.16 mJ/mrh Medical) ESWT, 22 of them reported high
mean 214 days - 1000 SWs satisfaction and their % of post-
- 5 sessions, daily procedure improvement in heel pain
was 96.4% (SD . 6.16) with average
pain rating of 0.77 (SD . 1.10) —
highly significant (P < 0.0001).
Kudo et al.[39] | RCT 58 -Mean age 51.1 + | - high dose 12 months| Epos Ultra | In active treatment group, mean | Ecchymosis, transient| No
10.6 - gradually progressive administered (Dornier) pain score decreased 7.5-3.9 at 3| paresthesias.
-M/F 18/40 FSWT months (p<0.0001), resulting in
-PD >6 months - 0.64 mJ/mrh mean % improvement of 49.1%. In
- 3.500 SWs placebo group, mean pain score
- single session decreased 7.9-5.3 at 3 months
- medial calcaneal nerve block 1% (p<0.0001), a mean % improvement
xylocaine 5ml of 33.3%.
Labek et al.[40]| RCT 60 -Mean age 53 (29- | Group A: 6 weeks Sonocur Plus Group A improved in the VAS No No
77) - low dose (Siemens) from 6.4 (SD: 1.7) to 2.2 (SD: 2.6)
-M/F 16/44 - FSWT points, group B from 6.7 (SD: 1.5)
-PD 6-60 months - 0.04 mJ/mrA- no anaesthesia to 4.1 (SD: 2.4) points, group C
Group B: from 6.2 (SD: 1.6) to 3.8 (SD: 2.5)
- high dose points
- FSWT
- 0.18 mJ/mrAw local anaesthesia 29
mepivacaine 4 ml
Group C:
- low dose
- FSWT
- 0.09 mJ/mrAw local anaesthesia
- 1500 SWs
- 3 sessions, daily
Lee et al.[41] RCT 60 Group 1 (n=30): Group 1: 3 months Epos Ultra | Significant VAS and Roles & No No
-Mean age 55.3+ | - low dose (Dornier) Maudsley score improvement, and
9.2 - FSWT PF thickness reduction were
-M/F 25/5 - 0.08 mJ/mrh observed in both groups (p<0.01)
-PD >3 months Group 2:
Group 2 (n=30): - high dose
-Mean age 51.2 £ - FSWT
11.2 - 0.16 mJ/mrh
-M/F 28/2 - 1000 SWs
-PD >3 months - 3 sessions, weekly intervals
Liang et al.[42] | RCT 53 (78 Group 1 (n=25): Group 1: 6 months Piezoson Overall success rates were 58% for No No
heels) -Mean age 47 £ - low dose 100 (Richard| high-dose and 62% for low-dose
11.0 - FSWT Wolf) treatments for pain and function
-MIF 7/18 - 0.12 mJ/mrh improvements
-PD >6 months Group 2:
Group 2 (n=28): - high dose
-Mean age 52.1 + - FSWT
9.7 - 0.56 mJ/mrh




-M/F 9/19
-PD >6 months

2000 SWs
3 sessions, weekly intervals

Malay et al.[43] | RCT 115 -Mean age 50.8 + EFD? 12 months| Orthospec | Mean reduction of 2.51 on pain - Bruising (n=2) No
10.1 (28-75) gradually progressive administered (clinical VAS in shockwave group and 1.57 - Local swelling
-M/F 36/79 FSWT centres) in placebo group (P=0.045). Mean|  (n=1)
-PD >6 months 3800 SWs reduction of 3.39 on VAS for pain
single session in shockwave group and 1.78 in
placebo group (P <0.001)
Malliaropoulos | Retrosp | 68 -Mean age 47.3 + EFD ? 12 months| Masterpuls | Mean pre-treatment VAS score at| No -
et al.[44] cohort patients 11.3 (18-75) intensity was lowered in cases of top MP 200 6.9 reduced to 3.6 one month afte
study (78 -M/F 29/39 much pain (Storz last session, and to 2.2 and 0.9 after
heels) -PD mean 11.2 RSWT Medical) 3 months and 1 year, resp. Success
months 2000 SWs rates estimated at 19% (1 month),
4-8 sessions, unknown intervals 70% (3 months) and 98% (1 year)
Metzner et Retrosp | 63 (73 -Mean age 54 (29- high dose Average Dornier Success of ESWT, defined asa | Short-term limited No
al.[45] cohort heels) 77) FSWT 72 months| Lithotripter 30% VAS reduction, seen in 81% aterythema
study -M/F 25/38 0.35 mJ/mrh (53-109) S (Dornier) 6-week follow-up, 88% at last
-PD >6 months 1000-3500 SWs clinical follow-up and 96% at final
2-3 sessions, 2-3 months apart phone follow-up.
tibial nerve block or local
anaesthesia, Mepivacaine 2% 5-10ml
Notarnicola et | Prosp 135 -Age>18 high dose 2 months | MiniLith After SW treatment for Precordial
al.[46] cohort -M/F? gradually progressive administered SL1 (Storz tendinopathies and plantar fasciitig pain and ECG
study -PD>6 months Medical) 54.9% success rate showed partial
0.01-0.15 mJ/min bundle-branch
2000 SWs block (n=1)
3 sessions, weekly intervals
Othman et Prosp 20 -Mean age 46 (27- high dose 6-11 ? Average VAS for pain decreased P— No
al.[47] compar 62) " gradually progressive administered | months 2.1; 50% had no functional activity
study -M/F 7/13 0.22-0.27 mJ/mfi limitations, 35% minimal activity
-PD 7-72 months 1500-3000 SWs limitations, 10% moderate activity
single session limitations, 5% severe activity
local anesthesia 5cc 0.5% limitations.
bupivacaine
Ozan et al.[48] | Prosp 40 -Mean age 46 (25- EFD? 6 months Masterpuls | No significant difference in No
compar 62) RSWT MP 100 baseline and posttreatment valueg
cohort -M/F 25/15 2000 SWs (Storz between the groups. Both groups
study -PD 9.3 months (6- 4 sessons, weekly intervals Medical) significantly improvedRoles &
19) Maudsley and VAS scores.
Porter et al.[17]| RCT 61 -Mean age 38.6 (18} - low dose 12 months| ? At 12 months, VAS scores for pairl - severe headache
81) FSWT (0.84; 0-4) were significantly lowe (n=4)
-M/F 22/39 0.08 mJ/mrhA than controls (2.42; 1-4). - pain and erythema
-PD 6-54 weeks 1000 SWs (n=6)
3 sessions weekly intervals
Radwan et RCT 34 -Mean age 37.7 + high dose 3 years Ossatron Using Roles & Maudsley, 70.6 % | - paresthesia (n=2) No
al.[49] 9.42 (23-61) gradually progressive administered (High success rate (p=0.19) - petechiae and
-PDmean 18 +10.9 FSWT Medical ecchymosis (n=2)
months (6-60) 0.22 mJ/mrh Technology)




- 1500 SWs
- single session
- conscious sedation anesthesia

Roca et al.[50] | RCT 36 -Mean age 50.4 + | - low dose Between | Piezoson Median (and interquartile range) of No -
9.5 - FSWT 1-2 100 (Richard| improvement in pain VAS when
-M/F 8/28 - 0.12 mJ/mrh months Wolf) taking the first steps: 2 (1-4) points
-PD >6 months - FSWT (p<0.001). Median (and
- 3000 SWs interquartile range) of improvement
- single session in Roles & Maudsley scale: 1 (0-1
points (p=0.006)
Rompe et RCT 152 -Mean age 51.5 (27} - high dose 24 months| Device (not | 66-69% of patients were satisfied | - redness (n=152) No
al.[51] 73) - RSWT specified) with their results. - pain during
-M/F 44/81 - 0.16 mJ/mrh (Electro treatment (n=101)
-PD mean 17 - 2000 SWs Medical
months (12-34) - 3 sessions, weekly intervals Systems)
Rompe et RCT 86 -Age>18 - low dose 12 months| Sonocur Both groups showed improvement, - redness (n=86) No
al.[52] -M/F 35/51 - FSWT (Siemens) but group 1 had better results. - pain during
-PD >6 months - 0.09 mJ/mrh treatment (group 1:
- 2000 SWs n=24) (group 2:
- 3 sessions, weekly intervals n=3)
- Group 1 (n=45) no anaesthesia,
FSWT gradually progressively
administered.
- Group 2 (n=41) with local
anaesthesia not specified, full dose
directly administered.
Saber et al.[53]| RCT 30 -Age mean 34.3+ | - high dose Mean20 | ? Both groups showed statistically | No
7.2 - 0.28 mJ/mrh weeks significant improvement on Mayo
-M/F 13/17 - 1000-1500 SWs (12-24) Clinic scoring system; no
-PD >6 months - 2 sessions, 2 weeks interval statistically significant difference
between study groups.
Saxena et RCT 11 -Age mean 47.9 + | - high dose 12 months| Duolith Statistical improvement in both No No
al.[54] 12.6 - gradually progressive administered (Storz groups in VAS and Roles &
-M/F ? FSWT Medical) Maudsley scores. Endoscopic
-PD > 6 months © 0.24 mJ/mrh plantar fasciotomy was significantly
- 2000 SWs better.
- 3 sessions, weekly intervals
Scheuer et Prosp 284 -Mean age 50.2 (27t - high dose Mean 296 | Duolith SD1 | 74% of all patients reported No No
al.[55] cohort (363 81) - gradually progressive administered | days (Storz satisfying pain relief. Numeric
study heels) - M/F 84/200 shockwaves (136-541) | medical) rating scales for pain decreased
-PD 14.2 months (11 - 0.15-0.25 mJ/mf (p=0.001).
99) - 1500 SWs
- 244 heels single session
- 101 had 2 sessions, 4-6 weeks
interval
- 18 had 3 sessions, 4-6 weeks interval
Tornesse et RCT 55 Group A: Group A (n=22): perpendicular 8 months Epos ultra | Mayo Clinical Scoring System Tangential technique
al.[56] -Age mean 59.3 + technigue (Dornier) pretreatment scores were proved more tolerable
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-M/F 9/13

- pain duration 9.1 +
5 months

Group B:

-Age mean 58.8 +
12.3

- high dose

- gradually progressive administered
FSWT

- 0.22 mJ/mrh

Group B (n=23): tangential technique

- high dose

- gradually progressive administered

homogeneous between groups
(group A 55.2+18.7; group B
53.5+20; P<0.05). There was an
increase in both groups (group A
90+10.5; group B 90.248.7)
(p<0.05).

with treatment-induced
pain.

-M/F 12/11 FSWT
-pain duration 9.7 | - 0.22 mJ/mrh
5.6 months - 1800 SWs
- 3 sessions, weekly intervals
Wan et al.[57] | Prosp 16 (21 -Mean age 54 (35- | - high dose 6 months Swiss Mean VAS reduction for pain on | No
cohort heels) 71) - gradually progressive administered Dolorclast first step in the morning, daily
study -M/F 5/11 RSWT Classic activities and heel compression test:
-PD >3 months - 0.16 mJ/mrh (Electro 2.62 (44.3%), 3 (38.3%), and 1.6
- 2000 SWs Medical (36.8%), resp post-treatment.
- 5 sessions, 3-7 days intervals Systems)
Wang et al.[58] | RCT 79 (85 -Mean age 53.2+ | - high dose Mean 64 | Ossatron Significantly better pain and No
heels) 11.0 (21-75) - FSWT months (High function scores as compared with
-M/F 18/58 - 0.32 mJ/mrh (60-72) Medical the control group were seen
-PD mean 9.8 - 1500 SWs Technology) | (p<0.001). The overall results wer¢
months + 9.6 (60- | - 58 patients (60 heels) single sessio 69.1% excellent, 13.6% good, 6.2%6
72) 16 patients (19 heels) 2 sessions, 5 fair, 11.1% poor
patients (6 heels) 3 sessions. 30-45
days intervals.
- local anesthesia, xylocaine 2%
Yalcin et Prosp 108 -Mean age 50.2 (20t - high dose Mean 7.3 | Swiss Statistically significant decrease in| - local swelling (n=8) | No
al.[59] cohort 78) - gradually progressive administered | months Dolorclast VAS for pain with a mean of 5.19 | - redness (n=8)
study -M/F 5/103 RSWT (1-60) (Electro - transient increased
-PD 3-120 months | - 0.40 mJ/mrh Medical pain (n=9)
- 2000 SWs Systems)
- 5 sessions, weekly intervals
Yucel et al.[60] | RCT 27 -Mean age 42.9+ | - high dose 3 months Stonelith-V5| 82% had successful response on | - mild throbbing No
7.08 (32-61) - FSWT Lithotripter VAS score for pain (p<0.05) sensation (n=2)
-M/F 13/14 - EFD? (PCK) - mild erythema (n=2)
-PD 22-50 weeks - 3000 SWs
- single session
- fivefold nerve block, 20 ml prilocaine
hydrochloride 2%
Zhu et al.[61] Prosp 12 (18 -Mean age 49.9 (33t - high dose 24 hours Ossatron No
cohort feet) 63) - FSWT (High
study -M/F ? - 0.23 mJ/mrh Medical
-PD >6 months - 1500 SWs Technology)

- single session

- full anaesthesia

Table 1. Included studies about ESWT for plantaciftis.
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Highlights
» ESWT islikely a safe treatment for PF.
* No complications are expected at one-year follow-up.
» Better descriptions of treatment protocols, patient characteristics and registration of

complications and side effects, especially pain during treastment, are recommended.
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