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Abstract

Background Plantar fasciitis is the most common cause

of heel pain. It may remain symptomatic despite conser-

vative treatment with orthoses and analgesia. There is

conflicting evidence concerning the role of extracorporeal

shock wave therapy (ESWT) in the management of this

condition.

Questions/purposes We investigated whether there was a

significant difference in the change of (1) VAS scores and

(2) Roles and Maudsley scores from baseline when treated

with ESWT and placebo. Specifically we compared overall

improvement from baseline composite VAS, reduction in

overall VAS pain, success rate of improving overall VAS

pain by 60%, success rate of improving VAS pain by 60%

when taking first steps, doing daily activities, and during

application of a pain pressure meter.

Methods MEDLINE, Embase, and CINAHL databases

were searched from January 1980 to January 2013 and a

double extraction technique was used to obtain relevant

studies. Studies had to be prospective randomized con-

trolled trials on adults and must not have used local

anesthesia as part of their treatment protocol. Studies must

have specifically recruited patients who continued to be

symptomatic despite a minimum of 3 months of conser-

vative treatments. All papers were assessed regarding their

methodologic quality and a meta-analysis performed.

Seven prospective randomized controlled trials were

included in this study. There were 369 patients included in

the placebo group and 294 in the ESWT group.

Results After ESWT, patients had better composite VAS

scores (random effects model, standardized mean differ-

ence [SMD] = 0.38; 95% CI, 0.05, 0.72; z = 2.27). They

also had a greater reduction in their absolute VAS scores

compared with placebo (random effects model, SMD =

0.60; 95% CI, 0.34, 0.85; z = 4.64). Greater success of

improving heel pain by 60% was observed after ESWT

when taking first steps (random effects model, risk ratio

[RR] = 1.30; 95% CI, 1.04, 1.62; z = 2.29) and during

daily activities (random effects model, RR = 1.44; 95%

CI, 1.13, 1.84; z = 2.96). Subjective measurement of pain

using a pressure meter similarly favored ESWT (random

effects model, RR = 1.37, 95% CI, 1.06, 1.78; z = 2.41).

There was a significant difference in the change to
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‘‘excellent - good’’ Roles and Maudsley scores in favor of

the ESWT group.

Conclusions ESWT is a safe and effective treatment of

chronic plantar fasciitis refractory to nonoperative treatments.

Improved pain scores with the use of ESWT were evident

12 weeks after treatment. The evidence suggests this

improvement is maintained for up to 12 months. We recom-

mend the use of ESWT for patients with substantial heel pain

despite a minimum of 3 months of nonoperative treatment.

Introduction

Plantar fasciitis the most common cause of heel pain [15].

It is usually a self-limiting condition and treated nonoper-

atively in the majority of patients [2, 3, 20]. However, 10%

to 20% develop chronic pain and may require surgery [15].

Surgery may be associated with long recovery times, fail-

ure rates as much as 17%, and can be unpopular for

patients who wish to continue weightbearing during

recovery [1, 3, 5, 15].

Extracorporeal shock wave therapy (ESWT) has been

proposed as a potential method of treating patients with

chronic disease without the need to stop weightbearing [10,

16, 21, 22].

Rompe et al. [18] questioned the role of ESWT in acute

disease; however, the role of ESWT in refractory chronic

disease is still undetermined.

Therefore we investigated whether there was a signifi-

cant difference in the change of (1) VAS scores and (2)

Roles and Maudsley scores [14] from baseline when treated

with ESWT and placebo. Specifically we compared overall

improvement from baseline composite VAS, reduction in

overall VAS pain, success rate of improving overall VAS

pain by 60%, success rate of improving VAS pain by 60%

when taking first steps, when doing daily activities, and

during application of a pain pressure meter.

Search Strategy and Criteria

We searched the MEDLINE, Embase, and CINAHL dat-

abases to identify randomized controlled trials (RCTs)

comparing ESWT without local anesthetic with placebo for

the treatment of plantar fasciitis in adult patients between

January 1980 and January 2013. The text words ‘‘plantar

fasciitis,’’ ‘‘extracorporeal,’’ and ‘‘shock wave’’ were used

in combination with the medical subject headings ‘‘plantar

fasciopathy,’’ ‘‘heel pain syndrome,’’ ‘‘ESWT,’’ and ‘‘heel

spur syndrome.’’ Irrelevant articles (ie, those failing to

meet inclusion criteria), reviews, and meta-analyses evi-

dent from the titles and abstracts were excluded. Relevant

articles referenced in these publications were obtained and

the ‘‘related article’’ function was used to widen the results.

No language restriction was applied. All abstracts, com-

parative studies, nonrandomized trials, and citations were

searched comprehensively. This study conformed to

QUOROM [12] and PRISMA guidelines [13]. A flowchart

of the literature search is provided (Fig. 1). We screened

136 articles for relevance. On further scrutiny, we found

seven RCTs meeting our inclusion criteria [6–8, 10, 11, 17,

20]. Each article was critically reviewed by two researchers

(AA, MRSS) using a double-extraction method for eligi-

bility. We included all prospective placebo-controlled

RCTs whose patients had plantar fasciitis for a minimum of

Fig. 1 The flowchart shows the process of study selection.
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3 months and had not responded to conservative treatment.

Studies were excluded if local anesthesia was used as part

of the treatment protocol. No language restriction was

applied. Article extraction was performed independently

and any conflict resolved before final analysis. The quality

of included trials was rated using the Scottish Intercolle-

giate Guidelines Network scoring system [19] and the

methods described by Jadad et al. (Table 1) [9].

Outcome measures were chosen if they were compara-

ble to those of other papers. Outcomes focused on VAS

scores for pain. The reduction in VAS pain composite

scores, success rate of reducing VAS pain scores 60% at

first steps, during daily activities, and Roles and Maudsley

scores [14] were analyzed. The Roles and Maudsley score

is an established subjective 4-point patient assessment of

pain and limitations of activity (1 = excellent result with

no symptoms following treatment; 2 = significant

improvement from pretreatment; 3 = patient somewhat

improved; 4 = poor, symptoms identical or worse than

pretreatment) [14].

Seven RCTs comparing ESWT with placebo were

identified from the electronic databases [6–8, 10, 11, 17,

20]. Three articles did not have comparable data and could

not contribute to the quantitative analysis [11, 17, 20].

Characteristics of each trial are shown (Table 2). There

were 369 patients in the ESWT group and 294 in the pla-

cebo group. The outcome measures extracted are shown

(Table 3).

We performed statistical analyses using Review

Manager Version 5.0 (The Nordic Cochrane Centre,

Table 1. Methodologic qualities of prospective studies included

Quality variable Ibrahim

et al.

[8] (2010)

Gerdesmeyer

et al.

[6] (2008)

Gollwitzer

et al.

[7] (2007)

Malay

et al.

[10] (2006)

Speed

et al.

[20] (2003)

Rompe

et al.

[17] (2003)

Marks

et al.

[11] (2008)

Inclusion criteria 1 1 1 1 1 1 1

Exclusion criteria 1 1 1 1 1 1 1

Demographics comparable 1 1 0 1 1 0 0

Can the number of participating centers be

determined?

1 1 1 1 1 1 1

Can the number of assessors be determined? 1 0 0 0 0 1 1

Can the reader determine where the assessor

is on the learning curve for the reported

procedure?

1 0 0 0 0 0 0

Are diagnostic criteria clearly stated for

clinical outcomes if required?

1 1 1 1 1 1 1

Is the treatment technique adequately

described?

1 1 1 1 1 1 1

Is there any way that they have tried to

standardize the technique?

1 1 1 1 1 1 1

Is there any way that they have tried to

standardize perioperative care?

1 1 1 1 1 1 1

Is the age and range given for patients in the

ESWT group?

1 0 1 1 1 1 1

Do the authors address whether there are any

missing data?

0 1 1 1 1 1 1

Is the age and range given for patients in the

placebo group?

1 0 1 1 1 1 1

Were patients in each group treated along

similar timelines?

1 1 1 1 1 1 1

Did all the patients asked to enter the study

take part?

0 0 0 0 0 0 0

Are dropout rates stated? 1 1 1 0 0 1 1

Are outcomes clearly defined? 1 1 1 1 1 1 1

Blinded assessors 0 0 1 1 1 1 1

Standardized assessment tools 1 1 1 1 1 1 1

Analysis by intention to treat 0 1 1 1 1 0 1

Score 16/20 14/20 16/20 16/20 16/20 16/20 16/20

Adapted from the Scottish Intercollegiate Guidelines Network [19] and Jadad et al. [9]; ESWT = extracorporeal shock wave treatment.
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Copenhagen, Denmark). A p value less than 0.05 was

chosen as the significance level for outcome measures.

For continuous data, the inverse variance method was

used for the combination of standardized mean differ-

ences (SMDs). Binary data (success rate of achieving

greater than 60% reduction in pain scores) were sum-

marized as risk ratios (RR) and combined using the

Mantel-Haenszel method. In each case, a heterogeneity

test was performed and a random effects model was used

for analyses. A random effects model was used uniformly

across analyses for consistency and to deal with possible

population heterogeneity. When SDs were not reported,

they were estimated either from ranges or p values. Forest

plots were used for the graphic display. Funnel plots were

not constructed as they were deemed inappropriate with

this number of studies.

We compared quantitative results from studies that

quoted the percentage improvement in mean or median

VAS score from baseline. We also compared percentage

change in pain scores in trials using different pressure

meters. The use of ESWT for treatment of plantar fasciitis

is approved by the FDA.

Results

Two studies contributed to an analysis of the overall

percentage improvement in mean VAS composite scores

[6, 7]. There was no significant heterogeneity between

these two trials (df = 1; I2 = 25; Q = 1.33; p = 0.25).

After ESWT, patients had better composite pain scores

after 12 weeks compared with placebo (random effects

model, SMD = 0.38; 95% CI, 0.05, 0.72; z = 2.27;

p = 0.02) (Fig. 2). Two studies reported on absolute

reductions in VAS scores for heel pain [7, 9]. There was no

significant heterogeneity between these two trials (df = 1;

I2 = 0; Q = 0.00; p = 0.69). After ESWT, patients also

had greater reduction in their VAS pain scores after

12 weeks compared with placebo (random effects model,

SMD = 0.60; 95% CI, 0.34, 0.85; z = 4.64; p\ 0.001)

(Fig. 3). Three studies contributed to an analysis on overall

success rate in heel pain improvement [5–7]. There was

significant heterogeneity among trials (df = 2; I2 = 80;

Q = 10.21; p\ 0.01). There was no significant difference

in overall success rate of heel pain improvement ([ 60%

reduction in two of three criteria) between ESWT without

local anesthetic and placebo (random effects model,

RR = 2.19; 95% CI, 0.86, 5.62; z = 1.64; p = 0.10)

(Fig. 4). Two studies contributed to an analysis on the

success rate of heel pain improvement when taking first

steps [6, 7]. There was no significant heterogeneity

between these two trials (df = 1; I2 = 0; Q = 0.83;

p = 0.36). Pain was less after ESWT without local anes-

thetic compared with placebo (random effects model,

RR = 1.30; 95% CI, 1.04, 1.62; z = 2.29; p\ 0.02)

(Fig. 5). Two studies contributed to the analysis of success

rate of heel pain improvement while doing daily activities

[6, 7]. There was no significant heterogeneity between

these two trials (df = 1; I2 = 0; Q = 0.19; p = 0.66). Pain

was less after ESWT without local anesthetic compared

with placebo (random effects model, RR = 1.44; 95% CI,

Table 2. Treatment protocols for included studies

Trial Year Type

of

treatment

Number

of

patients

Type

of

study

Nonoperative

treatment time

(months)

Local

anesthetic

used?

Shock

waves

administered

Number

of

sessions

Total number of

impulses

administered

EFD

administered

(mJ/mm2)

Ibrahim et al.

[8]

2010 ESWT 25 RCT [ 6 No Radial 2 4000 0.16

Placebo 25

Gerdesmeyer

et al. [6]

2008 ESWT 125 RCT [ 6 No Radial 3 6000 0.16

Placebo 118

Marks et al.

[11]

2008 ESWT 16 RCT [ 6 No NA 3 4500 0.16

Placebo 9

Gollwitzer

et al. [7]

2007 ESWT 20 RCT [ 6 No Focused 3 6000 0.25

Placebo 20

Malay et al.

[10]

2006 ESWT 115 RCT [ 6 No Radial 1 3800 NA

Placebo 57

Rompe et al.

[17]

2003 ESWT 22 RCT [ 12 No Focused 3 6300 0.16

Placebo 23

Speed et al.

[20]

2003 ESWT 46 RCT [ 3 No Focused 3 4500 0.12

Placebo 42

EFD = energy flux density; ESWT = extracorporeal shock wave treatment; RCT = randomized controlled trial; NA = not available.
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1.13, 1.84; z = 2.96; p = 0.003) (Fig. 6). Two studies

contributed to the analysis of the success rate of heel pain

improvement after application of a pressure meter [6, 7].

There was no significant heterogeneity between these two

trials (df = 1; I2 = 0; Q = 0.45; p = 0.50). Pain was less

after ESWT without local anesthetic compared with

Table 3. Outcome measures

Study Year Type of

treatment

Number

of

patients

Outcome measures

1 2 3 4 5 6 7

Ibrahim et al.

[8]

2010 ESWT 25 7.9 92%�

(n = 25)

61.70%

Placebo 25 1.3

(p\ 0.001)

4%�

(n = 25)

(p\ 0.001)

15.8%

(p\ 0.001)

Gerdesmeyer

et al. [6]

2008 ESWT 125 56% (SD,

39.3%)

60.98%

(n = 125)

60.8%

(n = 125)

60%

(n = 125)

52.85

(n = 125)

58.4 %

(n = 125)

Placebo 118 44.1% (SD,

41.8%)

(p = 0.0220)

42.24%

(n = 118)

(p = 0.002)

48.31%

(n = 118)

(p = 0.0269)

40.68%

(n = 118)

(p = 0.0014)

39.66

(n = 118)

(p = 0.0216)

41.52%

(n = 118)

(p = 0.0031)

Marks et al.

[11]

2008 ESWT 16

Placebo 9

Gollwitzer

et al. [7]

2007 ESWT 20 73.2%*

(n = 20)

55%*

(n = 20)

55%*

(n = 20)

50%*

(n = 20)

60%�

(n = 20)

60%

(n = 20)

Placebo 20 40.5%*

(n = 20)

(p = 0.0302)

40%*

(n = 20)

(p = 0.2148)

30%*

(n = 20)

(p = 0.0648)

40%*

(n = 20)

(p = 0.3057)

35%�

(n = 20)

(p = 0.0769)

40%

(n = 20)

(p = 0.0416)

Malay et al.

[10]

2006 ESWT 115 3.39

(n = 112)

Placebo 57 1.78

(n = 56)

(p\ 0.001)

Rompe et al.

[17]

2003 ESWT 22

Placebo 23

Speed et al.

[20]

2003 ESWT 46

Placebo 42

1 = improvement in mean VAS composite scores (heel pain in the morning, doing daily activities, and application of dolorimeter) from baseline

or mean % improvement (SD) after 12 weeks; 2 = reduction in mean VAS score (points) from baseline in participants’ assessment of heel pain at

12 weeks; 3 = success rate of heel pain improvement ([ 60% reduction in VAS scores) at 12 weeks for at least two of three heel pain monitoring

criteria; 4 = success rate of heel pain ([ 60% reduction in VAS scores) when taking first steps in morning at 12 weeks; 5 = success rate of heel

pain ([ 60% reduction in VAS scores) while doing daily activities at 12 weeks; 6 = success rate of heel pain ([ 60% reduction in VAS scores)

after application of the dolorimeter at 12 weeks; 7 = reduction in Roles and Maudsley scores (excellent to good) at 12 weeks; * % median

change not % mean change; �only one VAS score used; �F-meter used rather than a dolorimeter.

Fig. 2 This forest plot shows the overall percentage of improvement in mean VAS composite scores after 12 weeks. IV = inverse variance;

Std. = standard; ESWT = extracorporeal shock wave therapy.
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placebo (random effects model, RR = 1.37; 95% CI, 1.06,

1.78; z = 2.41; p = 0.02) (Fig. 7).

Three studies contributed to the assessment [6–8]. As the

data were not continuous, it was deemedmore appropriate to

discuss the results of the trials individually. At 12 weeks

after treatment, authors of all three articles reported a sig-

nificantly different change in ‘‘excellent to good’’ Roles and

Maudsley scores in favor of the ESWT group.

Discussion

Plantar fasciopathy is usually self-limiting, but approxi-

mately 10% of patients still have symptoms despite

treatment with nonsurgical measures [6]. Patients refrac-

tory to conservative measures often require surgery;

however, this has been associated with long recovery times

and potentially may result in longer periods off work and a

Fig. 3 This forest plot shows the

reduction in overall heel pain after

12 weeks. IV = inverse variance;

Std. = standard; ESWT = extra-

corporeal shock wave therapy.

Fig. 4 This forest plot shows the

success rate of heel pain improve-

ment when taking first steps after

12 weeks. M-H = Mantel-Haens-

zel; ESWT = extracorporeal shock

wave therapy.

Fig. 5 This forest plot shows the

success rate of heel pain improve-

ment when taking first steps after

12 weeks. M-H = Mantel-Haens-

zel; extracorporeal shock wave

therapy.

Fig. 6 This forest plot shows the

success rate of heel pain improve-

ment while doing daily activities

after 12 weeks. M-H = Mantel-

Haenszel; extracorporeal shock

wave therapy.

Fig. 7 This forest plot shows the

success rate of heel pain improve-

ment after application of pressure

meter after 12 weeks. M-H =

Mantel-Haenszel; ESWT = extra-

corporeal shock wave therapy.
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delay to sporting activity [6]. Rompe et al. [18] questioned

the role of ESWT in acute disease. This is the first meta-

analysis focusing on patients with chronic disease. ESWT

had favorable results in our analysis, with five of six

outcome results reaching significance. Only one of the

12-week outcome results, ‘‘overall success rate of heel pain

improvement’’, did not reach significance. This might be a

reflection of the lack of homogeneity among trials, as

individually all three trials had results statistically favor-

able to the ESWT group. Longer-term followup data were

not sufficient or comparable enough for meta-analysis;

however, there have been encouraging results up to

12 months after treatment reported in individual articles.

Ibrahim et al. [8] found a significant difference in the

improvement of VAS heel pain scores at 24 weeks when

comparing placebo with ESWT (100% versus 16% suc-

cess; p\ 0.001) in favor of ESWT. However, there were

no other studies with the same outcomes to enable an

analysis at this length of followup. Success rate in reducing

VAS heel pain scores by 60% at 1-year followup also has

favored ESWT (p = 0.0014) [6]. Mean reduction in patient

self-assessment of pain on first walking in the morning also

was found to be significantly better with ESWT compared

with placebo (p\ 0.0001) up to 1 year after treatment

[17].

Speed et al. [20] concluded that there appeared to be no

treatment effect of moderate-dose ESWT. Unfortunately,

as the data presented in the paper were not comparable to

others, it could not be included in the analysis. Of all the

trials, it seems their trial was the only one not showing

significantly favorable results after ESWT. There are two

potential reasons for this. The followup of patients who had

nonoperative treatment in their study was 3 months. Other

studies included patients only if nonoperative treatment for

6 to 12 months failed (Table 2). Another potential reason is

that the energy flux density administered in the study of

Speed et al. [20] was the lowest of all the studies included.

In a recent meta-analysis, Chang et al. [4] concluded that

lower energy intensity shock waves are less effective.

There are some limitations to our study. First, the types

of shock waves administered in the included trials were not

the same. Some used focused waves whereas others used

radial. The strength of the waves, number of shocks

delivered, and time between treatments also varied among

the trials. All but one of the outcome measures analyzed

had no statistical heterogeneity between the trials included.

As there seems to be agreement among included papers in

their support of ESWT for treatment of chronic plantar

fasciitis, the form of shock wave and treatment regime used

may not be the most important factor for the improvement

of symptoms. As analyses involved two to three studies,

funnel plots were not deemed appropriate. Therefore the

reader should be wary of the possibility of positive

reporting bias when interpreting these results. Similarly,

although the methodologic quality of included studies was

good, the possibility exists that patients were not truly

blinded to the treatment. As ESWT can be painful, subjects

may have guessed which group they were in by the pres-

ence or absence of pain.

The main strengths of our review include the robust

inclusion and exclusion criteria. Only including high

scoring prospective RCTs added to the validity of the

statistical results (Table 1). Including trials with patients

with failed nonoperative treatments for a minimum of

3 months reduced the probability of a treatment appearing

as effective when the patients would have recovered

spontaneously. Excluding trials using local anesthetic also

may have helped to reduce heterogeneity among compared

trials.

Chang et al. [4] reported some of the controversies in

using this form of treatment and provided recommenda-

tions on the most effective strengths of shock waves.

However there still is no consensus or meta-analyses

clarifying which type of shock waves (radial or focused)

are more effective. There is lack of evidence on the length

of effectiveness of this treatment and longer followup data

are required. Future analyses could compare types of shock

waves and report longer-term data. The evidence presented

here may lead to financial savings by avoiding less effec-

tive measures and may result in less time off work or a

shorter time away from sport. Future studies could quantify

the potential savings of using ESWT compared with non-

operative measures with time and explore effectiveness of

treatment when local anesthetic field blocks were used.

After reviewing our results with this meta-analysis, we

believe that patients with chronic plantar fasciitis will be

treated more effectively by ESWT without a local anes-

thetic than with a placebo. We recommend ESWT be used

for patients not improving after 3 months of other nonop-

erative measures.
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