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Published data describing the efficacy of extracorporeal shock wave therapy for the treatment of plantar heel
pain provide conflicting results, and optimal treatment guidelines are yet to be determined. To assess the
efficacy and safety of extracorporeal shockwave therapy compared with placebo in the treatment of chronic
painful heel syndrome with a new electromagnetic device, we undertook a prospective, double-blind,
randomized, placebo-controlled trial conducted among 40 participants who were randomly allocated to either
active, focused extracorporeal shockwave therapy (0.25 mJ/mm2) or sham shockwave therapy. Both groups
received 3 applications of 2000 shockwave impulses, each session 1 week apart. The primary outcome was
the change in composite heel pain (morning pain, pain with activities of daily living, and pain upon application
of pressure with a focal force meter) as quantified using a visual analog pain scale at 12 weeks after
completion of the interventions compared with baseline. Secondary endpoints included changes in morning
pain, pain with activities of daily living, and pain upon application of pressure with a focal force meter, as
measured on a visual analog pain scale, as well as the change in the Roles and Maudsley score, at 12 weeks
after the baseline measurement. Active extracorporeal shockwave therapy resulted in a 73.2% reduction in
composite heel pain, and this was a 32.7% greater reduction than that achieved with placebo. The difference
was not statistically significant (1-tailed Wilcoxon Mann-Whitney U test, P �.0302), but reached clinical
relevance (Mann-Whitney effect size � 0.6737). In regard to the secondary outcomes, active extracorporeal
shockwave therapy displayed relative superiority in comparison with the sham intervention. No relevant
adverse events occurred in either intervention group. The results of the present study support the use of
electromagnetically generated extracorporeal shockwave therapy for the treatment of refractory plantar heel
pain. (The Journal of Foot & Ankle Surgery 46(5):348–357, 2007)
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Extracorporeal shockwave therapy (ESWT) has been
used for the treatment of numerous musculoskeletal disor-
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ders, including calcified tendonitis of the shoulder, lateral
epicondylitis, Achilles’ and patellar tendinopathies, chronic
plantar fasciitis, osteonecrosis of the femoral head, and
delayed union and nonunion of fractures (1–6). The ratio-
nale for the use of ESWT for these conditions is based on
stimulation of soft tissue healing by local hyperemia, neo-
vascularization, reduction of calcification, inhibition of pain
receptors and/or denervation to achieve pain relief and
persistent healing of chronic inflammatory processes (7–9).
In regard to recalcitrant plantar fasciitis, ESWT has become
an alternative therapy that may, in some participants, alle-
viate symptoms and prevent the need for more invasive
interventions (10, 11). Recently published level 1 clinical
evidence has yielded contradictory results in regard to the
efficacy of ESWT for the treatment of chronic plantar
fasciitis, and the clinical relevance of the effect of ESWT

compared with placebo remains controversial (12–19).



ESWT has been shown to be more effective if local or
regional anesthesia is not used and, instead, if treatment is
guided by participant feedback that is used to direct the
application of the shockwave energy to the most tender
location in the affected heel (17). Furthermore, treatment
with higher total energies has been shown to result in a
greater treatment effect in comparison with the application
of lower energies (14).

Because of a lack of homogeneity between randomized
controlled trials (RCTs) investigating the use of ESWT
for the treatment of plantar heel pain, it is not possible to
quantitatively combine the results of the level 1 studies in
a meaningful meta-analysis. The lack of homogeneity
between these studies is related to differences in study
design, the method used for targeting the shockwave
energy, the amount of shockwave energy delivered, the
method of shockwave generation (electrohydraulic, elec-
tromagnetic, or piezoelectric), and the use of anesthesia
and sedation.

A new, small, and mobile shockwave device, which can
deliver both focused shockwaves as well as radial pressure
waves, has been used in the current investigation. Radial
pressure waves are generated ballistically by accelerating a
bullet to hit an applicator, which finally transforms the
kinetic energy into radially expanding pressure waves, af-
fecting a large treatment area. Compared with these low-
energy radial pressure waves, the focused shockwaves used
in the present investigation were generated electromagnet-
ically, and show deeper tissue penetration with significantly
higher energies concentrated to a smaller and defined
focus (medium to high energy). Furthermore, there are
marked differences in physical characteristics, because
radial pressure waves miss the typical steepening of
focused shockwaves and therefore do not reach compa-
rably high energy flux densities in the tissue. Shockwaves
have been previously defined as low energy (�0.08 mJ/
mm2), medium energy (�0.28 mJ/mm2), and high energy
(�0.60 mJ/mm2) (20).

The aim of the present study was to assess the efficacy
and safety of focused ESWT delivered by a new electro-
magnetic device to apply high levels of shockwave energy,
without local anesthesia, for the treatment of plantar fasciitis
in a randomized, double blind, placebo-controlled investi-
gation.

Material and Methods

Study Design

A double-blind (participant and observer), randomized,
placebo-controlled trial with parallel group design was con-

ducted at a university hospital in Munich, Germany, with a
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12-month enrollment phase. Participants who were eligi-
ble and provided written, informed consent were random-
ized by permuted blocks of different length to receive
either active treatment or placebo. Random allocation
was guaranteed by consecutive sealed and nontransparent
envelopes, which provided treatment allocation assigned
by a computer-generated random list (Rancode; idv-Data
Analysis and Study Planning, Gauting, Germany). In
designing the trial, we adhered to the standardized guide-
lines of good clinical practice from the International
Conference on Harmonization (21). The Institutional
Ethics Review Committee of the Faculty of Medicine of
the Technical University of Munich approved the study.

Participants

To be eligible for the trial, participants had to have a
history of at least 6 months of chronic plantar heel pain that
proved resistant to conservative treatments. Diagnosis was
based on clinical examination, and the point of maximum
heel pain had to be localized to the medial tubercle of the
tuberosity of the calcaneus. All of the participants were
required to have a baseline pain level designated as �5, as
measured on a 0 to 10 visual analog scale (VAS), and they
had to display significant, functional limitations as deter-
mined by a Roles and Maudsley Score of 3 (fair) or 4 (poor)
(22). Participants were eligible if they were aged 18 years or
older and able to give written, informed consent. All par-
ticipants had to have failed at least 4 conservative treatment
modalities, including at least 2 nonpharmacological treat-
ments and 2 pharmacological treatments (Table 1), respect-
ing a sufficient washout phase between the last conservative
intervention and enrollment. The washout phases were des-
ignated as at least 6 weeks since the last corticosteroid
injection; 4 weeks since the last local anesthetic injection,

TABLE 1 Previous conservative treatments for painful heel
syndrome

Nonpharmacological treatments Pharmacological treatments
Physical therapy, eg, ice, heat,

ultrasound, iontophoresis,
electromyostimulation

External (topical) application
of analgesic and/or
antiinflammatory gels

Physiotherapy, eg, massage,
stretching

Prescription analgesics and/
or NSAIDs

Over-the-counter devices like
orthosis, taping, heel pads

Local anesthetic injection

Prescribed orthosis Local corticosteroid
injection

Shoe modification like higher heels
Cast/immobilization
Night splints

Both 2 non-pharmacological and 2 pharmacological treatments had
to be unsuccessful before enrollment.
Abbreviation: NSAIDs, nonsteroidal antiinflammatory drugs.
iontophoresis, ultrasound, or electrotherapy; 1 week since
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hand
the last intake of nonsteroidal antiinflammatory drugs; and
at least 2 days since the last application of heat, ice, mas-
sage, stretching (active or passive night splinting), and/or
change in the use of foot orthotics. Participants were ex-
cluded if any of the following conditions were present:
rheumatic or other systemic inflammatory disease, inflam-
matory disorders of the upper and/or lower ankle, collag-
enosis, diabetes mellitus or other metabolic disease, tendon
ruptures in the treatment area, neurological or vascular
insufficiencies, nerve entrapment syndrome, hyperthyroid-
ism, active malignant disease with or without metastases,
Paget’s disease, calcaneal fat pad atrophy, osteomyelitis or
active infection or history of chronic infection in the treat-
ment area, history of calcaneal fracture, immunosuppressive
therapy, systemic long-term treatment with corticosteroids,
severe cardiac or respiratory disease, disturbance of coagu-
lation or ongoing anticoagulation therapy, worker’s com-
pensation or litigation associated with their heel pain, pre-
vious surgery for painful heel, unsuccessful prior ESWT, or

FIGURE 1 (A) Duolith SD1 shockwave device with handheld app
proximal plantar fascia. (C) Shockwave treatment with the focused
bilateral heel pain.
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Intervention and Blinding

Focused shockwaves were generated by a Duolith SD1
extracorporeal shockwave therapy system (Storz Medical,
Tägerwilen, Switzerland), a mobile device with lightweight
hand pieces providing either electromagnetic focused ESWT
(0.01–0.55 mJ/mm2) or radial pressure wave impulses with
very consistent energy (Figure 1). The focus zone (�5 mega-
pascals) of the focused ESWT hand piece is defined by an
ellipsoid with a depth extension of 12 cm, and a 35-mm
standoff was used in the present study. Participants were as-
signed randomly to receive either focused ESWT or an iden-
tical sham intervention. All of the participants, as well as the
follow-up observer, were blinded to treatment allocation. After
randomization to an intervention group, the participant was
placed in supine position, and the physician clinically located
the point of maximum tenderness. The therapy head was
coupled to the identified area with ultrasound gel to avoid
energy loss and to reduce superficial pain sensation due to

r for focused ESWT. (B) Palpation of the most tender spot of the
piece with correction of the treatment area by patient feedback.
licato
rarefaction energy wave concentration at the skin surface.



Two-thousand shockwaves were applied at each
ESWT session with an energy flux density of 0.25 mJ/
mm2. A total of 3 shockwave interventions were per-
formed within weekly intervals, accounting for a total of
1.5 mJ/mm2 administered.

Participants in the control group received identical pla-
cebo therapy. An air-chambered polyethylene foil was lo-
cated between the coupling head and the participant, which
absorbed all the acoustic energy. Thereby, setup and sound
created by the shockwave device was identical in both
groups; however, transmission of shockwaves was pre-
vented in the placebo group.

The intervention was performed by locating the focus
zone at the most tender point of the medial calcaneal tuber-
cle. Proper placement was achieved by participant-directed
feedback and adjusted during the intervention as necessary.

A standardized rescue medication was available through-
out the entire study if pain became unbearable. Specifically,
participants were administered up to 2 g of paracetamol per
day for up to 14 days after the last intervention session,
thereafter, up to 2 g of paracetamol per week as needed. No
other therapies were allowed, and foot orthotics, if in use,
were not to be modified until the 3-month follow-up.

Baseline and Outcome Measures

Baseline variables were recorded and included date of
birth, sex, weight, height, duration of symptoms, previous
treatments, affected side, and any coexisting conditions.
Follow-up evaluations were performed at 6 weeks and 12
weeks after the last intervention session, and outcome mea-
sures were determined by measuring heel pain on a 10-cm
VAS and by physical examination.

The primary endpoint was the change in composite heel
pain (defined below) as quantified using a 10-cm visual analog
pain scale, with 0 being no pain and 10 being maximal pain, at
12 weeks after completion of the intervention in comparison
with the baseline measurement. The composite heel pain score
was defined as the sum of three 10-cm VAS measurements:
1) heel pain when taking the first steps in the morning;
2) heel pain while doing daily activities, and 3) heel pain
while applying a standardized pressure with the force
meter (F-meter; Storz Medical). The blinded investigator
used the F-meter to measure pressure sensitivity at the
point of maximum tenderness on the participant’s heel.
Specifically, the pressure that just elicited unbearable pain
was documented at baseline with the F-meter and the 10-cm
VAS. At each follow-up visit, the same F-meter pressure
was applied, and the subject was asked to score the pain on
the VAS. Clinically significant improvement was defined as
at least a 30% decrease in the VAS composite score com-
pared with baseline, in accordance with the report from

Farrar et al (23).
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Secondary outcome measures included: 1) change in the
Roles and Maudsley Score, 2) change in each individual
VAS score (initial morning heel pain, pain during the ac-
tivities of daily living, and pain upon focal pressure appli-
cation with the F-meter), and 3) the overall success rate as
determined by a percentage decrease in heel pain of at least
60% from baseline in at least 2 of the 3 heel pain VAS
measurements. Functional outcome was assessed with the
Roles and Maudsley score, which is a 4-point scale grading
1) “excellent” (no pain, full movement, and activity), 2)
“good” (occasional discomfort, full movement, and activ-
ity), 3) “fair” (some discomfort after prolonged activity),
and 4) “poor” (pain-limiting activities) (22). Although the
Roles and Maudslay score has not been validated for foot
disorders, it has been used extensively in similar studies and
was therefore assessed to allow comparison of the results
with other investigations. For the purposes of this investi-
gation, Roles and Maudsley scores categorized as “excel-
lent” and “good” were considered to be therapeutic success.

All adverse events related and unrelated to the interven-
tion were assessed by the clinical investigator and recorded.
Furthermore, 7 single items (pain during treatment, pain
after treatment, skin redness, hematoma, petecchiae, swell-
ing, and scar formation), all of which were considered most
likely to be related to the intervention, were defined as
adverse reactions (ARs) and assessed by a 5-point ordered
categorical scale wherein 0 represented no signs and/or
symptoms of an AR, and 4 represented severe signs and/or
symptoms. The scores were combined into a summary AR
composite score, the possible range for the composite score
being 0 to 28.

Statistical Analyses

The study was planned to assess the specific treatment
effect of focused ESWT compared with placebo, using both
explanatory and descriptive statistical analyses. Superiority
of one intervention compared with the other was statistically
tested with the Wilcoxon Mann-Whitney U test and the
Unconditional Exact Röhmel-Mansmann test. A P value �
.025 (1-sided) was considered statistically significant. For
the secondary endpoints, descriptive statistics and 1-sided
97.5% confidence intervals were calculated. Missing data
were replaced in accordance with the last observation car-
ried forward technique, and an intention-to-treat analysis
was performed.

Furthermore, with a relatively small number of partici-
pants (n � 40 in this investigation), effect sizes are partic-
ularly important in regard to the interpretation of the results.
In an effort to identify differences in effect size between the
different intervention groups, the Mann-Whitney (MW) ef-
fect size with predefined benchmarks was used to define the

probability that a randomly selected participant from the test
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(active ESWT) group was better off than a randomly se-
lected participant from the control (placebo) group. In ac-
cordance with Colditz et al (24), we used relevant bench-
marks that corresponded to an MW effect size of 0.5 for
equality (active therapy no better or worse than placebo);
0.44 or 0.56 for small-sized inferiority or superiority, re-
spectively; 0.36 or 0.64 for medium-sized (clinically signif-
icant) inferiority or superiority, respectively; and 0.29 or
0.71 for large-sized inferiority or superiority, respectively.
Furthermore, in accordance with the recommendations of
the ICH E9 Biostatistics Guideline (25), statistical analyses
were performed by an independent institute, idv-Data Anal-
ysis and Study Planning, using their Report, Testimate, and
AE-Base software programs.

Results

Demographic and Baseline Values

A total of 40 participants with chronic plantar heel pain
were randomly assigned, 20 to the ESWT group and 20 to
the placebo group (Figure 2). One participant (2.5% of the
total sample) from the active ESWT group (5% of the
intervention group) withdrew from the trial after the second
intervention, and all of the remaining participants com-
pleted the planned final evaluation at 12 weeks after the
final intervention session. Demographic and baseline heel

FIGURE 2 Flow of participants through the trial.
pain characteristics for all 40 study participants are shown
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in Table 2. There were 3 baseline characteristics that
showed relevant group differences at baseline: gender (MW
effect size � 0.3250, P � .0484), previous cortisone injec-
tion (MW effect size � 0.6500, P � .1110), and physical
therapy (MW effect size � 0.3500, P � .1053). Stratified
analyses showed that the influence of these baseline group
differences, in regard to the composite heel pain VAS,
showed no bias and was not relevant because the adjusted
results of the stratified analysis were well comparable with
the unadjusted results.

Outcome Measures

Follow-up investigations were performed at 6 weeks and
12 weeks after completion of the intervention sessions. The
primary efficacy criterion was defined as the between-group
difference in the composite heel pain VAS score (sum of the
3 pain measurements: heel pain when taking first steps of
the day, heel pain while doing daily activities, and heel pain
associated with pressure application using the F-meter).
VAS pain measurements were made at 12 weeks after the
last intervention and compared with the baseline measure-
ments (Figure 3). The results of the statistical analyses are
displayed in Table 3.

The final percent change from baseline in the composite
heel pain VAS score was reduced by 73.2% in the ESWT
group, and this was 32.7% greater than the reduction ob-
served in the placebo group (Table 3). The between-group
difference of ESWT to placebo was not statistically signif-
icant (P � .0302; 1-sided test, statistical significance was
defined as � 0.025), but the MW effect size showed at least
medium-sized (relevant) superiority for the ESWT group
(MW � 0.6737).

Regarding the single VAS pain scales, in heel pain when
taking first steps of the day, while doing daily activities, and
during the application of the F-meter, the percent changes
from baseline were not statistically significant, with P �
.0659, P � .0469, and P � .0472 (all 1 sided), respectively.
Thus, these results were all at least 20% greater for the
ESWT group in comparison with the placebo group, and the
observed superiority was relevant (MW effect size � .6400)
(Table 3).

In regard to the success rates (percent change from base-
line � 60%), the effect sizes indicated small- to medium-
sized superiority in the ESWT group (MW effect size esti-
mates between 0.5500 and 0.6250). All of the success
intervention rates were greater in the active ESWT group, in
comparison with those observed for the placebo group (Ta-
ble 3).

Therapeutic success (scores of “excellent” and “good”) in
regard to the functional outcome as assessed with the Roles
and Maudsley score at 12 weeks after the final intervention

session was 20 percentage points in favor of active ESWT



(Table 3) and displayed relevant superiority in the active
ESWT group (MW effect size � 0.6600).

Safety Criteria

The mean AR composite score in the ESWT group was
3.1, 2.7, and 3.0, respectively, for each of the first, second,
and third intervention visits, with a maximum calculated
score in the ESWT group of 5. In the placebo group, the
mean AR composite score was 0.8, 0.9, and 1.2, respec-
tively, for each of the first, second, and third intervention
visits, and the maximum calculated score was 8. Concom-
itant analgesic therapy during the study period was docu-
mented for only 1 participant in the placebo group, and none
in the active ESWT group used concomitant analgesia. No
participant required local anesthesia during shockwave ap-
plication.

Discussion

The present study was performed to investigate the effi-

TABLE 2 Analysis of homogeneity of baseline characteristics,

Age, mean (SD, range), y
Women, no. (%)
Body mass index, mean (SD, range), kg/m2

Heel pain duration, mean (SD, range), mo
Heel pain when taking first steps in the morning, mean (SD, range)
Heel pain while doing daily activities, mean (SD, range), VAS
Heel pain after application of F-meter, mean (SD, range), VAS
Heel pain composite score, mean (SD, range)
Roles and Maudsley Score, mean (SD, range)

Abbreviations: SD, standard deviation; VAS, visual analog scale.

FIGURE 3 VAS composite score at baseline and at 12-week fol-
low-up. P values describe between-group differences of ESWT and
placebo.
cacy of focused ESWT with a new electromagnetic shock-
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wave device for the treatment of chronic, painful plantar
heel syndrome (plantar fasciitis), thereby applying repeated
sessions of shockwaves with an energy flux density that can
still be tolerated without local anesthesia (0.25 mJ/mm2).

Plantar fasciitis is a common and often disabling com-
plaint and is estimated to account for 11% to 15% of all foot
symptoms in adults requiring professional care (26). The
etiology of plantar fasciitis is still unknown and probably
multifactorial, although a degenerative process with inflam-
matory reaction, microscopic tears, and fibrosis may play an
important role. A calcaneal bone spur is evident in 50% to
65% of patients with painful heel, but its influence with
regard to clinical symptoms and prognosis was described to
be of minor significance (27, 28), although single studies
observed a negative influence on treatment outcome (14).
The goals of treatment are pain relief and restoration of
function. There are a vast number of treatment options
including stretching, cryotherapy, heel cushions and shoe
inserts, night splints, custom-made orthotics, antiinflamma-
tory drugs, corticosteroid injection, and immobilization
(29). Martin et al and Crawford et al reviewed numerous
studies of nonsurgical treatment for plantar fasciitis and
showed success rates ranging from 44% to 90% (30, 31),
without providing more than limited evidence of efficacy,
however (26, 30). Some of the treatment options are also
associated with significant risks like plantar fascia rupture
after steroid injection (32). For participants with chronic
heel pain resistant to conservative treatment, surgical inter-
ventions like heel spur resection and fasciotomy have been
proposed. However, surgical measures can be associated
with prolonged healing (33), and surgery did not prove
superior to ESWT (34), which has been proposed as a
treatment alternative in recalcitrant plantar fasciitis.

Multiple studies have been published describing the treat-
ment of painful heel syndrome by ESWT, but only a few
publications were designed in a manner likely to produce
unbiased conclusions. Furthermore, the published random-
ized and double-blinded trials provide controversial conclu-
sions regarding effectiveness and clinical relevance of treat-

ntion-to-treat population

ESWT (N � 20) Placebo (N � 20) P value (2 sided)

53.9 (12,5, 30–72) 58.9 (10.9, 35–76) .2613
9 (45) 16 (80) .0484

27.4 (4.6, 20–38) 27.9 (4.5, 23–39) .6927
11.3 (7.4, 6–28) 12.1 (8.0, 6–36) .4314
7.5 (1.5, 5–10) 7.1 (1.7, 5–10) .4485
7.1 (1.9, 5–10) 6.5 (1.9, 3–10) .4902
7.7 (1.6, 5–10) 7.4 (2.3, 3–10) .9508

22.2 (3.9, 15–30) 21.1 (4.4, 13–30) .3420
3.8 (0.4, 3–4) 3.9 (0.3, 3–4) .6614
inte

, VAS
ment effect of ESWT compared with placebo (11–16, 18).
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These differences in outcomes are due to variations in study
design, including differences in study populations, hetero-
geneity of treatment parameters such as focal energy, ge-
ometry of the shockwave focus, treatment regimens, and
methods of shockwave generation. Further, the significant
influence of blinding outcomes assessors is obvious when
single-blinded and double-blinded studies are compared.
Interestingly, placebo shockwave intervention demonstrated
an average improvement in VAS heel pain scores of ap-
proximately 40% in double-blind studies (12, 15, 19), com-
pared with 0% to 4% in single-blinded trials (11, 35).
Therefore, blinding of both participants and evaluating in-
vestigators is a worthwhile undertaking that, in light of its
bias-reducing influence, is likely to yield a valid assessment
of group differences. Blinding of subjects and follow-up
observers was carried out in the present study, although the
blinding efficacy was not specifically assessed after treat-
ment.

In spite of the different treatment methodologies applied,
published RCTs support that the method of directing the
shockwaves can be important in regard to the final outcome.

TABLE 3 Statistical analysis of efficacy 12 weeks after final tr
composite score) and secondary criteria, intention-to-treat pop
carried forward replacement of missing values

Outcome measure ESWT (N � 20) P

Absolute
change:
median

Percentage
change:
median

Abso
cha
med

Primary measure of efficacy
VAS composite score �15.5 �73.2 �7

Secondary outcome measures
First steps, VAS �4.5 �64.6 �2
Daily activities, VAS �5.0 �65.7 �3
F-Meter, VAS �6.0 �75.0 �4

Success,
no. (%)

No
success,
no. (%)

Succ
no.

Overall success rate
(�60% decrease of VAS in
�2 of 3 VAS)

11 (55) 9 (45) 8 (

Success rate first steps
(�60% decrease of VAS)

11 (55) 9 (45) 6 (

Success rate daily activities
(�60% decrease of VAS)

10 (50) 10 (50) 8 (

Success rate F-Meter
(�60% decrease of VAS)

12 (60) 8 (40) 7 (

Absolute
change:
mean

Success
rate, no.

(%)

Abso
cha
me

Roles and Maudsley Score �1.8 12 (60) �1

Abbreviations: ESWT, extracorporeal shockwave therapy; MW, M
analog scale.
Notably, some double-blind RCTs that failed to show the

354 THE JOURNAL OF FOOT & ANKLE SURGERY
superiority of ESWT over placebo focused the acoustic
energy at anatomical landmarks rather than at the point of
greatest tenderness as defined by the participant, and local
anesthesia was used in some of the investigations in an
effort to blind the participants. Local anesthesia might
thereby inhibit direct analgesic effects like modification of
the release of pain mediators, hyperstimulation, and the
gate-control mechanism (8). We believe that the use of local
anesthesia in well-designed RCTs conducted by Buchbinder
et al and Haake et al resulted in failure of these investigators
to demonstrate the superiority of ESWT compared with
placebo (12, 13). Similarly, we believe that ultrasonic guid-
ance of the shockwaves to the thickest part of the plantar
fascia, rather than toward the point of maximum pain as
localized with participant-controlled feedback, has also re-
sulted in an inability to demonstrate the therapeutic superi-
ority of ESWT in comparison with placebo. In contrast,
studies directing the shockwaves to the most tender point
without using anesthesia have consistently demonstrated
ESWT to be significantly more effective than placebo (14,
16, 17). These observations were further corroborated by

ent for primary efficacy criterion (percentage change of VAS
ion, lower bound of confidence interval, and last observation

o (N � 20) Between-group differences P value
(1 sided)

Percentage
change:
median

Percent change
(in favor of

ESWT)

MW effect size
(1 sided 97.5%

LB-CI) (24)

�40.5 32.7 0.6737 (0.4985) .0302

�41.4 23.2 0.6400 (0.4631) .0659
�33.0 32.7 0.6550 (0.4798) .0469
�52.8 22.2 0.6550 (0.4827) .0472

No
success,
no. (%)

Difference in
success rate,

%

MW effect size
(1 sided 97.5%

LB-CI)

P value

12 (60) 15 0.5575 (0.4220) .2148

14 (70) 25 0.6250 (0.4768) .0648

12 (60) 10 0.5500 (0.3966) .3057

13 (65) 25 0.6250 (0.4752) .0769

Success
rate, no.

(%)

Difference in
success rate,

%

8 (40) 20 0.6600 (0.4932) .0416

-Whitney; LB-CI, lower bound of confidence interval; VAS, visual
eatm
ulat

laceb

lute
nge:
ian

.5

.0

.0

.0

ess,
(%)

40)

30)

40)

35)

lute
nge:
an

.3

ann
Rompe et al, who demonstrated in an RCT that ESWT



applied without local anesthesia was significantly more
effective than ESWT used with local anesthesia (17). There-
fore, directing ESWT to the most tender point in the absence
of local anesthesia appears to be a very important factor
related to achieving a successful therapeutic outcome.

Another important factor appears to be the total energy
applied to the affected heel. Although both high- and low-
energy shockwaves have proven effective in treating
painful heel syndrome (11, 15, 16, 19), the total energy
applied significantly influences final outcome. Obviously,
lower-energy flux densities can be partly compensated by
higher impulse numbers and repeated treatment. The
dose-dependent efficacy of ESWT was demonstrated by
Malay et al in a recent Food and Drug Administration
phase 3 RCT (14).

Because of the significant influences of the various treat-
ment variables on treatment outcome, conclusions concern-
ing the effectiveness of ESWT cannot be generalized at this
time. This is particularly true in regard to efforts to pool data
for quantitative meta-analyses and systematic reviews of
RCTs investigating the use of ESWT for the treatment of
chronic plantar fasciitis (12, 26).

Despite the availability of statistical evidence indicative
of the effectiveness of ESWT for the treatment of chronic
plantar fasciitis, the clinical relevance of the beneficial
effects has been questioned (26). Farrar et al have analyzed
the clinical importance of changes in chronic pain in a
database of 2724 patients, independent of underlying dis-
ease (23). The 0-to-10-point numerical rating of pain inten-
sity was found to be a consistent and valuable tool for the
evaluation of changes in the subjective measurement of
pain. In their experience, a reduction of 2 points on the
11-point scale, or approximately 30% of the pain scale,
represented a clinically important difference (23). As a case
in point, Theodore et al demonstrated a statistically signif-
icant superiority of ESWT in the reduction of morning pain,
although the between-group difference, in comparison with
placebo, reached only 0.7 points on the 10-cm VAS (19).
The study from Ogden et al—conducted with ankle-block
anesthesia—also showed a statistically significant differ-
ence in the success rates in favor of the active treatment.
However, the clinical relevance of these results caused
controversy because the maximum between-group differ-
ence, being just 16% in favor of ESWT for the “investiga-
tor’s assessment of heel pain,” was, for all of the other
outcomes (morning heel pain, activity related heel pain, and
use of pain medication), even smaller (15).

Based on these observations, we wondered if a protocol
applying repeated ESWT (3 � 2000 impulses) with rela-
tively high energy flux densities (0.25 mJ/mm2) that can be
tolerated without local anesthesia would demonstrate clini-
cally relevant and optimized efficacy. A new, small electro-
magnetic shockwave device generating focused impulses

(ESWT) with a light hand piece was available for use in this
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investigation. We conducted the present study to assess the
clinically relevant treatment effect of this new ESWT reg-
imen in comparison with placebo, rather than attempting to
demonstrate a statistically significant intergroup difference.
To study the overall improvement in heel pain, we assessed
the VAS composite score for heel pain as the primary
criterion of efficacy. The calculation of the composite scores
for pain measurement is recommended by the ICH Biosta-
tistics Guideline E9 (25). Furthermore, morning pain and
heel pain after activity have been shown to be the symptoms
that bother most with painful heel syndrome (12), and were
therefore combined with standardized pressure measure-
ment to form the VAS composite score.

Consistent with previous descriptions, we also observed a
significant placebo effect with reduction of the VAS com-
posite score by 40.5% compared with baseline (Table 3,
Fig 2), underlining the importance of conducting ESWT
trials in a double-blind, placebo-controlled design. The pre-
sented regimen of ESWT was followed by a reduction in the
VAS composite score of 73.2% compared with baseline. In
comparison with the placebo group, pain reduction was in
favor of ESWT with a between-group difference of 32.7%,
also exceeding the previously defined threshold of 30% for
clinically relevant changes in chronic pain (23). Thus,
ESWT not only demonstrated a more than 70% improve-
ment relative to the baseline measurement, but also a clin-
ically relevant superiority over placebo with an MW effect
size of 0.6737 in favor of ESWT (0.6400 being the bench-
mark for medium-sized, clinically relevant superiority).
Furthermore, all of the single VAS heel pain scales also
showed a relevant effect size in favor of ESWT, with all of
the MW effect sizes being �0.6400, and the between group
differences being �2 points on the 10-cm VAS (Table 3).
The final percent changes of the VAS composite score
(primary criterion) further support the above-mentioned re-
sults as well as the results observed with the Roles and
Maudsley Score. Both of these scores fell short of the
conventional level of statistical significance (P � .0302 and
P � .0416, 1-sided null hypothesis tests), and we believe
that in the current investigation this was due to the relatively
small sample size in our feasibility study. Furthermore, the
results of this feasibility study are limited by a maximum
follow-up of just 3 months, whereas previous studies have
demonstrated the treatment effect of ESWT to improve over
time and to persist for at least 1 year in chronic, painful heel
syndrome (5, 14–16). Finally, replacement of missing val-
ues by the last observation carried forward technique biases
results toward the null and might have precluded a statisti-
cally significant result, because most ESWT interventions
require several weeks to effect clinically significant relief.

In regard to the safety criteria that were quantified with
the AR composite score, with which we compared 7 symp-
toms that were most likely to be related to ESWT (pain

during treatment, skin redness, hematoma, petecchiae,
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swelling, scars, continuing pain), the composite score of the
ESWT group was comparably higher at all intervention
visits compared with the placebo group. The score for both
groups was situated at the lower end of the scale, and no
complaints were reported during any follow-up evaluation
and no other relevant side effects were observed.

In conclusion, ESWT with 3 repetitive applications of
2000 impulses of an electromagnetic shockwave device
without local anesthesia appeared to be an effective, non-
invasive treatment modality for proximal plantar fasciitis.
This intervention was associated with negligible side ef-
fects. We believe that this treatment could be used to reduce
the necessity for surgical intervention used in the treatment
of proximal plantar fasciitis. Treatment effects observed in
this investigation have shown between-group differences in
pain reduction of more than 30% and more than 2 points on
the 10-cm VAS scales (11-point rating scale from 0 � no
pain to 10 � unbearable pain), thus demonstrating clinical
relevance (23) and greater efficacy than most previously
published investigations. The study also suggests that fo-
cusing the acoustic energy at the most tender point, as
guided by participant feedback, with a small, handheld
device seems to be an alternative that results in improved
pain reduction compared with image-guided shockwave ad-
ministration, with lower cost because of the lack of a need
for an additional ultrasonic targeting device. However, a
direct comparison of this speculation in a randomized trial
should be realized. Our results support data from Rompe et
al, who showed similar efficacy (11), and these findings
refute the idea that electromagnetic ESWT devices are less
potent and, therefore, less effective in comparison with
ESWT devices that use other methods of shockwave gen-
eration (such as electrohydraulic or piezoelectric methods).
Assessment of the published data clearly showed that the
outcome is strongly dependent on the administered treat-
ment protocol, and conclusions concerning the effectiveness
of ESWT must not be generalized for different treatment
setups. The current study advocates the application of
ESWT with a handheld electromagnetic device for the treat-
ment of chronic and refractory painful heel syndrome.
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