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Context Extracorporeal shock wave therapy (ESWT) is increasingly used for plantar fasciitis, but limited
evidence supports its use.

Objective To determine whether ultrasound-guided ESWT reduces pain and improves function in
patients with plantar fasciitis.

Design Double-blind, randomized, placebo-controlled trial conducted between April 1999 and June 2001.

Setting Participants were recruited from the community-based referring physicians (primary care
physicians, rheumatologists, orthopedic surgeons, and sporis physicians) of a radiclogy group in
Melbourne, Australia.

Participants We screened 178 patients and enrclled 166; 160 completed the 15-week protocol. Entry
criteria included age at least 18 years with plantar tasciitis, defined as heel pain maximal over the plantar
aspect of the foot of at least 6 weeks' duration, and an ultrasound-confirmed lesion, defined as thickening
of the origin of the plantar fascia of at least 4 mm, hypoechogenicity, and alterations in the normal
fibrillary pattern.

Interventions Patients were randomly assigned to receive either ultrasound-guided ESWT given weekly
for 3 weeks to a total dose of at least 1000 mJ/mm? (n = 81), or identical placebo to a total dose of 6.0
mJ/mm? (n = 85).

Main Outcome Measures Overall, morning, and activity pain, measured on a visual analog scale;
Maryland Foot Score; walking ability; Short-Form—36 Health Survey (SF-36) score; and Problem
Elicitation Technique score, measured at & and 12 weeks after treatment completion.

Results At 6 and 12 weeks, there were significant improvements in overall pain in both the active group
and placebo group (mean [SD] improvement, 18.1 [30.6] and 19.8 [33.7] at 6 weeks [P =.74 for between-
group difference], and 26.3 [34.8] and 25.7 [34.9] at 12 weeks [F =.99], respectively). Similar
improvements in both groups were also observed for marning and activity pain, walking ability, Maryland
Foot Score, Problem Elicitation Technique, and SF-36. There were no statistically significant differences
in the degree of improvement between treatment groups for any measured outcomes.

Conclusion We found no evidence to support a beneficial effect on pain, function, and quality of life of
ulirasound-guided ESWT over placebo in patients with ultrasound-proven plantar fasciitis 6 and 12 weeks
foliowing treatment.

JAMA. 2002;288:1364-1372

Plantar fasciitis, or painful heel, is a common musculoskeletal problem estimated to affect 10% of runners
at some time and to occur in a similar proportion of the general population in their litetime.* It denotes a
clinical condition of pain in the plantar aspect of the heel, characteristically worse on arising in the
morning and after periods of prolonged sitting.2 There is maximal tenderness at the plantar fascial origin
on the medial process of the calcaneal tuberosity, and pain increases with passive stretching of the

plantar fascia. The etiology of plantar fasciitis is unknown and probably multifactorial. Excessive loading



may result in inflammation, degeneration, microtears, andfor fibrosig at the plantar fascia orl_gin. I: .
calcaneal spur may be present in 50% of patients with painful heel,_— but has begn reportfg in 10% to 27%
of asymptomatic paltita'nts.g’ﬂ Plantar fasciitis is most commqnlg :g_adnsorder of r_'nlddle age™* and men and
women are affected equally. Other risk factors in%lude obesity” == and spendmg pro|ongc-::d periods .
standing or walking,® 2 particularly on hard floors.” Symptoms may be bilateral in over 10% of cases.®
Plantar heel pain is generally a self-limiting condition, and more than 80% of those who pregent for
medical atiention have resolution of the problem within 12 months of onset of symptoms.™—

Treatments advocated for plantar fasciitis have included rest, ice, stretches, nonstel;?ldal.anh- _
inflammatory drugs 2 ¢ corticosteroid injection % & iontso%horgsis of dexamethasone, — various orthotics
including heel cushions, low-profile plastic heel cups,™ = Tuli heel cups,— nlght sphnts{; heat,
ultrasound, 2 below-the-knee non-weight-bearing casts,® and short-leg walking casts.™ A small1 g\umber of
patients undergo surgery, including spur resection and release of all or part of the fascial band.™
However, evidence of the effectiveness of all these treatment modalities is limited due to the_ lack of well-
designhed and conducted comaparative studies, as documented in a Cochrane systematic review
performed by Atkins et al.*> 18

Recently, extracorporeal shock wave therapy (ESWT) has been advocated for treatment of this N
condition. 228 Since 1976, ESWT in the form of lithotripsy has been used to disintegrate renal and biliary
caleuli.Z2 Shock waves are single-pulse acoustic waves (sound waves) that propagate rapidly in 3-
dimensional space and cause a sudden rise in pressure at the wave front.2 & They dissipate mechanical
energy at the interface of 2 substances with differing acoustic impedance, resulting in disintegration of
calculi. From the early 1990s there have been published descriptions of its use in Germany in & variety of
musculoskeletal disorders includings Eseudoarthroses, calcific tendinitis of the shoulder, lateral and medial
epicondylitls, and painful heel.'® 23 %

Medical shock waves are usually generated through a fiuid medium (eg, water) and a coupling gel to
facilitate transmission into biclogical tissues.®* There are 3 malin techniques for generating shock waves
electrohydraulic, electromagnetic, and piezoelectricﬂand all 3 have been used to treat plantar fasciitis.
The first generation of orthopedic shock wave machines used a spark plug to generate the shock wave
(electrohydraulic technique).?! In October 2000 the US Food and Drug Administration (FDA) approved an
electrohydraulic device for use in the treatment of chronic proximal plantar fasciitis (heel spurs) in the
United States.® Subsequently, an electromagnetic device, which generates the shock wave bg passing
an electric current through a coil to produce a strong magnetic field, has also been approved.s—
Piezoelectrically generated shock waves are produced by piezocrystals that are mounted on the inside of
a sphere. These receive a rapid electrical discharge, resutting in deformation of the crystals to induce the
shock wave.2

While all 5 placebo-controlled trials of ESWT in chronic plantar fasciitis have reported benefit of variable
magnitude, %2 222 3 methodological limitations may have influenced their outcome. Participants were
unblinded in 3 trials 12 22 and none of the 5 trials described their method of randomization, allocation
concealment, or sample size calculation. One double-blind trial, performed by Ogden et al % evaluated
success of therapy by combining 4 outcomes into a composite outcome. While the overall proportion of
participants who met the predetermined criterion of success at 12 weeks was significantly higher in the
actively treated group (47.1% vs 30.2%; P = .008), the supericrity of the active treatment compared with
placebo treatment was only statistically significant for investigator assessment of heel pain (62.2% of the
active group vs 44% of the placebo group met success criteria; P = .005).% The second double-blind trial
found a small but statistically significant difference favoring the active group in their primary end point
(difference in improvement in morning pain between the active and placebo groups measured at 12
weeks postireatment: 0.7 cm on a 10-cm visual analog scale [VAS]; P= .01).2 The determination of the
presence of plantar fasciitis was made solely on clinical grounds in both double-blind triais.

To further clarify the value of ESWT for this condition we performed a double-blind, randomized, placebo-
‘controlled trial in patients with ulirasound-proven plantar fasciitis. The aim of our study was to determine
whether ultrasound-guided ESWT, given weekly for 3 weeks, reduces pain and improves function at 6
and 12 weeks after completion of treatment.



METHODS

Study Design .
A double-blind, randomized, placebo-controlled trial was conducted between April 1999 and June 2001.
Patlents who fulfilled inclusion criteria and provided written informed consent were randomized and
stratified by treatment center (3 treatment sites) in blocks of 4 to receive either active treatment or
placebo regimens according to a computer-generated random-numbers list created by the study _
biostatistician. Both the patients and a single outcome assessor were blinded to the therapy received.

Patients

Patients were recruited from the community-based referring physicians (primary care physiciang,
rheumatologists, orthopedic surgeons, and sports physicians} of Mayne Health Diagnostic Imaging
(formerly Melbourne Diagnostic Imaging Group) in Melbourne, Australia. Fladio!ogi_sts _e_valuated all
referred patients to ascertain eligibility criteria. The radiologists who ascertained eligibility had no other
involvement in the study. Patients were included if they were 18 years or older, described heel pain felt
maximaily over the plantar aspect for at least & weeks, and had an ultrasound-confirmed lesion. The latter
was defined as thickening of the crigin of the plantar fascia (greater than or equal to 4 mm} as well as
hypoechogenicity and alterations in the normal fibrillary pattern. When symptoms were bilateral, the more
symptomatic side was studied. Patients were excluded if any of the following were present: generalized
inflammatory arthritis, including ankylosing spondylitis, Reiter syndrome, rheumatoid arthritis, or psoriatic
arthritis; any wound or skin lesion; pregnancy; severe infection; known malignancy; bleeding disorder;
pacemaker; previous surgery to the heel; previous ESWT to any site (because of the risk of unblinding);
oral and/or topical nonsteroidal anti-inflammatory medication in the previous 2 weeks; local corficosteroid
injection in the previous month; oral glucocerticosteroids within the previous 8 weeks; lack of informed
consent; or any other reason thought likely to result in inability to complete the trial, such as uncertainty
about being able to attend for follow-up assessment and poor English skills thought likely to affect ability
to complete outcome assessment.

Description of Interventions

All treatments were given by a single extracorporeal shock wave (ESW) therapist who was informed of
treatment allocation (by central telephone) just prior to commencement of treatment accerding to the
participant's identification number. An ESW therapist is a qualified health professional who has
undergone training in the delivery of ESWT. The ESW therapist was not involved in any other part of the
study and interacted with study participants in a standardized way irrespective of treatment allocation.
Care was taken to ensure that study participants did not meet, and individual study participants were
asked to wait in separate waiting areas.

All treatments were given according to a standardized protocol using the Dornier MedTech EPOS
(Extracorporeal Pain therapy and Orthopaedic System) Ultra (Dornier MedTech America inc, Kennesaw,
Ga).® All patients were positioned sitting in a chair with the affected foot resting on a foam support and
footstool. Ultrasound gel was placed on a water cushion and the ultrasound transducer. The water
cushion and transducer were placed over the heel and positioned so that the origin of the plantar fascia
adjacent to the calcaneum was visible. The cross hair, which is used to indicate the position of the shock
wave focus, was positioned within the plantar fascia adjacent to the calcaneum, in the thickest portion of
the plantar fascia.

Each patient in both the placebo and experimental groups received & total of 3 treatments given at weeklg
intervals. For the placebo group this consisted of 100 shock waves per treatment, of energy 0.02 mJ/mm
(energy level 1). The frequency of these pulses was set at 60 per minute. The total dose received by the
placebo group was 6.0 mJ/mm?. The experimental group received either 2000 or 2500 shock waves per
treatment of energy levels varying between 0.02 mJ/mm? and 0.33 mJ/mm? (ie, within levels 1-9). The
frequency of these pulses was gradually increased to 240 per minute. Treatment began on leveli 1 and
was gradually increased through to the highest tolerable leve! of pain for each participant. Thus the total



calculated dose for each participant was different. In general, a total dose of 1000 mJ/mm?® or more was
the treatment goal. The mean (SD) dose of ESWT in the experimental group was 1406.73 (390.58)
mJ/mm?Z,

Participants were able to continue to wear orthotics/splints as prescribed, but no new orth'opedic deyices
were allowed. Apart from paracetamol, no other therapies (including massage, chiropractic, 1aser,_ night
splints, acupuncture, or oral, topical, or locally injected corticosteroids) were allowed for the duration of

the study.

Ethical approval was cbtained from the Epworth Hospital Ethics Committee.

Baseline and Outcome Assessment

Baseline variables that were recorded included date of birth, sex, weight, height, years of fqrmgl
education, marital status, duration of symptoms, history of frauma, previous episodes, mgdlcatloq,_
previous treatments including arthotics, results of radiological Investigations, any coexisting condition(s),
approximate hours of weight bearing per day, and the type of flooring used for the majority of the day.

The presence or absence of a heel spur on plain anteroposterior/lateral radiograph if a!ready qbtained
was noted, but plain radiographs were not performed routinely. All participants had a diagnostic
ultrasound.

Follow-up evaluations were performed at 6 and 12 weeks following completion of the 3-week course of
treatment. Seven outcomes were measured: (1) Overall, morning, and activity pain were each measured
on a vertical 100-mm VAS with descriptors at either end of 0 (no pain) to 100 (maximal pain). Overall pain
at 12 weeks was the primary end point of the study for the determination of efficacy and sample size. (2)
Walking ability without need for a rest to relieve painful heel,”® measured using a 6-point rating scale {0 =
<5 minutes, 1 = 5-14 minutes, 2 = 15-29 minutes, 3 = 30-44 minutes, 4 = 45-69 minutes, and 5 = 60
minutes). (3) The Maryland Foot Score® is a disability index that derives a score from 0 to 100 points,
taking into account pain and function of the foot. Interpretation of the score has been suggested as 100
graded as normal, 90 to 100 as excellent, 75 through 89 as good, 60 through 74 as fair, and less than 60
as poor. While its clinimetric properties have not been formally studied, it has been shown to correlate
with the severity of foot injuries®* and has alsc been used in a clinical trial of plantar fasciitis in which it
appeared to be responsive to change.E(4) The Problem Eiicitation Technique® is an interviewer-
administered patient-preference disability measure in which the individual is asked to identify his/her own
problems related to the condition under study that he/she would most like to see improve as a result of
therapy. The importance and magnitude of each identified problem are elicited by Likert scales
(importance: 0 ["not at all important”] to 10 ['most important"]; magnitude: 0 ["without any difficulty’] to 7
["unable to do"]). The score for each problem is obtained by multiplying the importance of the problem by
the magnitude of the problem (level of difficulty, frequency, or degree of severity). A higher score
indicates a higher degree of perceived disability and/or importance. The Problem Elicitation Technigue
score is obtained by adding the scores for all voluntsered problems. (5) The Short-Form—-36 Health
Survey (SF-36)® is a self-administered 36-item generic indicator of health status that consists of 8
subscales representing 8 dimensions of quality of life: physical function, role limitations due to physical
health problems, bodily pain, general health perceptions, vitality, socia! functioning, role limitations due to
emotional problems, and general mental health. Each of the 8 subscales is rescaled from 0 to 100; higher
scores represent better health. (6) All reported adverse effects were recorded. (7) Success of blinding
was assessed at the conclusion of the study by asking participants to indicate which treatment they
believed they had received.

Sample Size

The sample-size calculation was based on the comparison of ESWT and placebo groups with respect to
the principal outcome measure of pain (on a 0- to 100-mm VAS scale) at the 12-week follow-up
assessment. Pilot data collected in 121 participants indicated that the between-subject SD was
approximately 256 mm and the baseline/6-week correlation was approximately 0.5. The baseline/12-week
correlation can be extrapolated from this value to be 0.25. Using these parameters, a sample size of 60
patients per group would have 80% power (P = .05, 2-sided) to detect a difference of 13 mm in mean pain



level between the groups at 12-week follow-up using an analysis of covariance adjusting for baseline pain
level.

Data Analysis _ . _ ‘
All analyses were planned on an intention-to-treat principie using all randomized patients who provided

any postbaseline data. Demographic characteristics of the ESWT and placebo groups were su_mmarized
by descriptive statistics. Changes from baseline to 6 and 12 weeks for outcomes measured using
essentially continuous scales (pain, Problem Elicitation Technique, Maryland Foot Score, anc_! SF-38
components) were compared between ESWT and placebo groups using ¢ tests, or Mann-Whitney U tests
where required. Additional supportive analyses using adjustment for baseline values of the outcome
variables and characteristics exhibiting at least slight imbalance at baseline were performed using
multiple linear regression. The estimates of between-group differences in means with and without such
adjustments exhibited only minor differences, and therefore only the unadjusted between-group
differences are presented, together with 85% confidence intervals (Cls). For simplicity of presentation, all
results are presented as improvements from baseline (for example, reduction of 20 units on a VAS scale
is represented by an improvement of 20 units). Consistency of results across a priori-specified supgroups
(thickness of lesion and unilateral vs bilateral symptoms) was assessed including relevant interaction
terms in regression models. In addition, consistency of results across total doses of ESWT {as greater or
less than 1000 mJ/mm?) was also assessed by muitiple regression.

Walking ability was measured on an ordinal scale and was compared between groups at 6 and 12 weeks
using an ordinal logistic regression model. This regression produces odds ratios (ORs) comparing the
likelihood of higher scores on the scale for ESWT compared with placebo. For example, an OR of 0.80
indicates that the odds of a high (as opposed to low) score in patients receiving ESWT are 20% less than
the odds in the placebo group. Therefore, for ordinal scales where higher scores indicate greater
functionality, an OR less than 1 indicates poorer performance in patients receiving ESWT than in patients
receiving placebo. Baseline values of the relevant outcome were accounted for in these models as
covariates; similarly, additional adjustment for coefficients imbalanced at baseline was performed by
adding appropriate regression terms. All analyses were performed using Stata v7.0 (Stata Corp, College
Station, Tex).

RESULTS

There were 166 study participants randomly assigned (81 to the ESWT group and 85 to the placebo
group) (Figure 1). Five participants withdrew from the trial prior o the first follow-up visit at 8 weeks. One
participant in the placebo group withdrew after the first week of treatment because of a myocardial
infarction (unrelated to the trial). Four participants (1 active and 3 placebo} completed treatment but did
not return for the 6-week follow-up (2 refused, 1 was lost to follow-up, and 1 traveled overseas). As there
were no follow-up data for these participants, they were excluded from the efficacy analysis. Another
participant (active group) withdrew prior to the 12-week follow-up and was excluded from the 12-week
efficacy analysis. This approach provided the same estimated between-group differences as imputing the
mean change from baseline for the active group for that patient.

The demographic and clinical characteristics of the 161 study participants who provided postbaseline
data are presented in Table 1. There were no baseline differences of clinical importance between the 2
groups for any of the examined baseline demographic or clinical characteristics. The baseline
demographic and clinical characteristics of the 5 participants who withdrew prior to the initial follow-up
assessment, also shown in Table 1, were similar to the study population as a whole,

Both treatment groups improved over time (Table 2 and Table 3). There were no statistically significant
differences in outcome between the active and placebo groups for any of the measured outcoms
variables at 6 or 12 weeks (apart from the social function dimension of the SF-36 at 6 weeks, which




favored the placebo group). Furthermore, the 95% Cls indicated that the range of plausible differences
between the groups did not include differences of any practical importance.

Analyses adjusted for duration of symptoms yielded similar results (data not shown). The results were
also consistent across subgroups, including thickness of lesion, unilateral vs bilateral symptoms, and total
dose of ESWT received {n = 68 for 1000 mJ/mm?; n = 13 for <1000 mJ/mm?), with all-interaction P>.10
for all outcome measures.

Few adverse effects were reported in either group. Pain for 1 week after the treatment was reported by 1
participant from each group, heat and numbness by 1 participant from the active group, a burning
sensation in heel and ankle by 1 participant from the placebo group, and bruising after the first treatment
by 1 participant from the active group.

Table 4 displays problems identified at baseline (using the Problem Elicitation Technique) as those that 5
or more participants would most like to see improve as a result of treatment. The most commeonly
identified problems were walking after getting out of bed in the morning (88/160 [55%]). standing after
sitting for a prolonged period (71/160 [44.4%)]), and walking or standing for long periods (61/160 [38.1%]
and 46/160 [28.8%), respectively).

Nineteen participants (24.4%) in the active group correctly identified their treatment group, compared with
29 participants (36.2%) in the placebo group. Twenty-nine participants (35.8%j) in the active group were
uncertain which treatment they had received, compared with 36 participants {45.0%) in the placebo
group. An index to assess the success of blinding was computed® to be 0.68 (bootstrap 95% Cl, 0.61-
0.75). This index takes the value 1 for compiete blinding and O for complete lack of blinding. The value of
0.68 can be interpreted as moderate to high degree of blindedness, and represents a statistically
significant amount of blinding beyond that expected by chance (the value of the blinding index equals 0.5
for random guessing).

COMMENT

We failed to find any evidence of benefit of ultrasound-guided ESWT using our treatment parameters over
placebo for ultrasound-confirmed plantar fasciitis at 6 and 12 weeks after completion of treatment. Over
this time, participants in both study groups improved with respect to overall pain by almost 20 mm (8
weeks) and greater than 25 mm (12 weeks) on a 100-mm VAS scale, with similar improvements for
maorning- and activity-related pain. This was accompanied by similar improvements in function as
determined by walking ability, the Problem Elicitation Technique, and the Maryland Foot Score, as well as
the physical function, role limitation (physical), and bodily pain components of the SF-36.

These observed treatment effects might be explained by placebo effects related to participating in a trial
or by the self-limiting natural history of the condition. In a systematic review of 11 randomized trials
studying treatments for heel pain it was observed that, with the exception of a cross-over study of night
splints,™ all trials reported some improvement in patients' mean scores in both the treated and nontreated
populations.”” The authors postulated that the observed treatment effects could be explained on the basis
of placebo effects in view of the relatively short treatment period in some trials and the long duration of
some participants' symptoms. The median duration of participants' symptoms in our trial (36 and 43
weeks in the treatment and placebo groups, respectively) was similar to those in the studies included in
the systematic review.



Despite our study exhibiting greater between-subject variability than was initially planned, we still believe
there was adequate statistical power to detect important treatment effects if they had been present, and
to precisely estimate the magnitude of between-group differences. The increased variability was offset to
a large degree by the recruitment of 160 patients rather than the initially planned 120 patients. With these
updated design parameters, the study had 80% power to detect a difference of 15 mm on a 100-mm VAS
scale for overall pain at 12 weeks. More important, the fairly narrow width of the resulting 95% Cls was
sufficient to rule out differences of practical importance.

Our findings of a lack of benefit of ESWT using our treatment parameters for plantar fasciitis are
inconsistent with the findings of previous placebo-controlled trials.'® 2 222 we ysed a technique
similar to that used by Rompe et a2 4 deliver a mean (SD) dose of shock wave in the experimental
group of 1406.73 (390.58) mJ/mm?Z. Rompe et al performed a singte-blind trial in 30 patients comparing 3
weekly treatments of 1000 impulses of 0.06mJ/mm? ESWT with simulated treatment (same procedure but
no contact with the foot).lg inclusion criteria included pain for more than 12 months, positive bone scan,
and the presence of a calcaneal spur. Significant alleviation of pain was noted at 3- and 6-week follow-
ups in the treatment group compared with the placebo group. A second trial by the same investigators
included a larger study population of 119 patients with painful heel lasting more than 6 months and
compared 1000 impulses with 10 impulses given at weekly intervals for 3 weeks.2 A significant reduction
in pain was also demonstrated in this study at 12 weeks. The authors also noted a favorable outcome at
52 weeks; while not explicitly referenced, it appears that a recently published study by the same authors
also report favorable 8-month and 5-year outcomes from the same trial.* The results after 12 weeks
need to be viewed cautiously because of the potential confounding effect of additional treatments
(including corticosteroid infiltrations and surgery) that unresponsive patients in both treatment groups
could receive after this time.X2 Cosentino et al®® performed a single-blind randomized trial of 6 treatments
of an electrohydraulically generated shock wave (maximum dose, 2880 mJ/mm?) or placebo in 60
patients with heel pain associated with a heel spur. While they also reported significant differences
favoring the actively treated group, the lack of blinding of participants in all of these studies may have led
to an overestimation of the treaiment effects.

Ogden et al®* performed a multicenter double-blind placebo-controlled trial of a single administration of
electrohydraulically generated ESWT, using ankle-block anaesthetic, in 302 patients with chronic plantar
fasciitis. Although the mode of ESWT delivery was different from that in our trial, the total dose of ESWT
delivered to the active groups was similar in the 2 studies (1300 mdJd/mm? in the trial by Ogden et al
compared to a mean dose of 1406.76 mJ/mm? in our trial). Inclusion criteria included pain for greater than
6 months, failure to respend to at least 3 attempts at conservative treatment, investigator assessment of
pain (5 cm on a 10-cm VAS), and subject self-assessment of pain (5 cm on a 10-cm VAS) after the first 5
minutes of walking in the morning. In contrast to our study, which required ultrasound confirmation of
plantar fasciitis, the presence of plantar fasciitis was determined solely on clinical grounds. The study
population also differed from ours in that the median duration of symptoms was much longer (19 months
vs 6-7 months), there was a higher proportion of women (65.9%), mean age was younger (49.6 years),
and mean morning pain was higher (8.03 and 8.14 in the active and placebo groups, nrs:s;:tec:’[ively).gﬁ ltis
uncertain whether the 2 groups in their trial were comparable at baseline, as no baseline data separated
by treatment group were reported.

Ogden et al defined overall success of treatment at 12 weeks if all 4 of the following criteria were fulfilled:
minimum 50% improvement over baseline in investigator assessment of pain (by dolorimeter), with a VAS
score of 4 cm or greater; minimum 50% improvement over pretreatment baseline in subject's self-
assessment of pain on first walking in the morning and VAS score of 4 cm or greater; minimum 1 point or
greater improvement on a 5-point scale of distance walked without heel pain, or maintenance of baseline
assessment of no pain or minimal pain; and no prescription analgesics for heel pain in the treated heel
between 10 and 12 weeks after treatment. While success in the 3 criteria other than investigator
assessment of pain also favered the active treatment, none was statistically significant (subject's self-
assessment of pain criterion: 59.7% in ESWT group vs 48.2% in placebo group, P = .08; subject's seif-
assessment of activity level: 71.4% in ESWT group vs 67.2% in placebo group, P = .49; and use of pain
medications: 69.7% in ESWT group vs 67% in placebo group, P = .41 )%



Our trial design and results also differ from the trial that was sponsored by Dornier MedTech Inc,® that
was presented to the FDA to gain approval for the electromagnetic device used in our study in the United
States. The FDA study was a multicenter, double-blind, randomized, placebo-controlled trial of a single
administration of electromagnetically generated ESWT, using ankle-block anesthetic, that enrolled 150
patients at 6 clinical centers. The total dose of ESWT delivered to the active group was 1300 md/imm?.
Inclusion criteria included symptoms present for greater than 6 months, and a VAS score of greater than
5 for pain during the first few minutes of walking in the morning. Like the trial by Ogden et al,* the
presence of plantar fasciitis was determined solely using clinical criteria. While the duration of symptomns
was again onger than in our trial (mean [range] duration of symptoms: 22 [6-120] months and 24.1 [3.0-
99.0] months) in the active treatment and placebo groups, respectively), the mean baseline morning pain
scores were similar (7.7 [0-10 scale] in both treatment groups compared with 73 and 68 [0-100 scale] in

the active treatment and placebo groups in our trial, respectively).

While a statistically significant difference favoring the active group in improvement in morning pain (P =
.01) was reported to be evidence of efficacy of ESWT,Z it could be argued that a difference of 0.7 on a
10-cm VAS pain scale may not be clinically significant. There was no statistically significant difference
between groups in the proportion of participants with at least 60% improvement in morning pain, AOFAS
(American Orthopaedic Foot and Ankle Society) Ankle-Hindfoot Score, and SF-12 Health Status
Questionnaire at 12 weeks, although the proportion of participants reporting excelient and good results
favored the active group (81.6% vs 39.7%, P = .03).

It is unlikely that the negative results we ocbserved in our study were due to inclusion of participants who
were not likely to benefit from ESWT treatment. We failed to find any evidence that ESWT was more
beneficlal than placebo in certain subgroups according to duration of symptoms, thickness of the lesion,
the presence of unilateral vs bilateral symptoms, and to the total dose of ESWT greater or less than 1000
mJ/mmZ. Helbig et a*® have suggested that patients with chroni¢ symptoms are more likely to have a
positive effect from ESWT, since in their study longer duration of symptoms correlated with greater
success of therapy. They postulated that this difference in response is related to fragmentation of the
relatively avascular, sclerotic, biomechanically abnormal reparative tissue, which encourages more
effective healing in those with chronic symptoms, whereas there is not the degree of interstitial tissue
change in acute disease that is conducive to the effects of shock waves. On the other hand, a recent
study by Maier et al? found that the presence of calcaneal bone marrow edema on magnetic resonance
imaging was highly predictive of satisfactory outcome, suggesting that greater inflammation and
vascularity may be more responsive to the effects of ESWT. The latter view is supported by further
analyses from the trial by Ogden et al,2® which showed that a shorter duration of symptoms was
significantly associated with success of therapy (P = .005).

One possible explanation for our failure to detect a difference in benefit between the active and placebo
groups in our trial is that the small shock wave dose delivered to the placebo group (6 mJ/mm?) had a
therapeutic effect. While we cannot rule out this possibility we believe it is unlikely. We chose to deliver a
small dose of shock wave to the placebo group in preference to sham therapy in order to limit the
likelinood that participants would determine their treatment allocation. This was similar to one of the 2
trials by Rompe et al,2 in which a small shock wave dose (1.8 mJ/mm?) was delivered to the placebo
group. In the trials by Ogden et al and Dornier MedTech Inc, both treatment groups received ankle-block
anesthesia, making it possible to use true sham ESWT. We delivered ESWT over 3 weeks, assuming that
the effect is cumulative over time. it may be that a single larger treatment is more beneficial. It is also
possible that we did not detect a treatment effect because our follow-up was too short, although we
measured outcome at time points similar to those used in previous trials. Finally, the different modes of
delivery of ESWT (generation of the shock wave, single high-energy shock waves with ankle anesthesia
vs repeated lower-energy waves without anesthesia, and different dosages) may also influence the
outcome of therapy.

We Included participants with a clinical history compatible with plantar fasciitis as well as ultrasound
criteria of thickening of the origin of the plantar fascia (4 mm), hypoechogenicity, and alterations in the
normal fibrillary pattern. These ultrasound criteria are in keeping with changes previously reported for



plantar fasciitis on ultrasound examination.**2! Previous ESWT trials have either relied on clinical criteria

alone? 3 or required the presence of a calcaneal spur and positive bone scan.’® 2

Also, we used ultrasound to position the shock wave focus to the thickest portion of the plantar fascia
adjacent to the calcaneum. The direction of the shock wave may also affect treatment outcome.
Cosentino et a2 have reported a significant reduction in the grade of enthesitis 1 month after
electrohydraulically generated shock wave therapy aimed at the enthesophytosis identified during
ultrasound examination. Unfortunately we did not perform repeat ultrasounds following treatment in our
study.

The use of a patient preference gquestionnaire {le, the Problem Elicitation Technique) in our trial verified
that the most common problems encountered by patients with plantar fasciitis are pain, typically worse on
arising in the morning and after periods of prolonged sitting, and limitation of activities related to walking.
As we could not find any disability questionnaires that have been specifically developed for plantar
fasciitis, we used it in our study to complement the Maryland Foot Score (a fixed-item foot-specific
disability index) and a generic quality-of-life instrument (ie, the SF-36). Our results provide evidence that
the Problem Elicitation Technigue is a valid measure for this disorder. The Problem Elicitation Technique
score, Maryland Foot Score, walking ability without need for a rest to relieve painful heel, and the physical
function, role limitation (physical), and bodily pain components of the SF-36 all improved over time
commensurate with improvement in the pain indices, suggesting that they are all sensitive to change in
plantar fasciitis. More study to further define their clinimetric properties in this disorder is needed.

in conclusion, ESWT as applied in our randomized double-blind trial was no better than placebo in the
treatment of ultrasound-proven plantar fasciitis. Six and 12 weeks after completion of ultrasound-guided
ESWT given weekly for 3 weeks, we detected no difference with respect to pain or function compared

with a placebe control.
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