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Comparison of Radial Versus Focused Extracorporeal Shock Waves in Plantar

Fasciitis Using Functional Measures

Heinz Lohrer, MD!; Tanja Nauck, MA'; Nadja V. Dorn-Lange, MD'; Jakob Schéll, MD'; Johannes C. Vester, PhD?

Frankfurt, Germany

ABSTRACT

Background: Recent literature shows evidence for effective
treatment for plantar fasciitis using either focused or radial
shock waves. Up to now no research has been available
which compares these different procedures. We hypothesized
(Hy Hypothesis) that for plantar fasciitis, outcomes following
focused or radial shock wave treatment were equal. Materials
and Methods: For this pilot study, 39 patients suffering from
recalcitrant plantar fasciitis were randomized in two groups.
Treatment was performed in three sessions. Once a week 2000
impulses of radial (0.17 mJ/mm?) or focused (0.20 mJ/mm?)
shock waves were applied. Efficacy was determined by multi-
variate analysis of eight single variables including changes in
Foot Functional Index, neuromuscular performance (Single leg
drop and long jump, postural stability, isokinetic testing), and
by a composite score from baseline to 12 weeks followup.
Multivariate Wilcoxon tests (Wei-Lachin procedure) and formal
meta-analytic procedure with adjustment for subgroups was
performed to determine the adjusted effect sizes with their
corresponding confidence intervals. Results: The overall result
(“Crude Pooling”) shows “small” superiority of the focused
extracorporeal shock wave therapy (MW = 0.55, LB-CI =
0.4644). Adjusted for age the focused treatment exhibited ‘“more
than small” superiority (MW = 0.59, LB-CI > 0.5) and this
result is statistically significant (LB-CI = 0.5067, benchmark for
equality = 0.5). Conclusion: This study provides some evidence
for focused extracorporeal shock wave treatment being superior
to radial extracorporeal shock wave therapy for recalcitrant
plantar fasciitis.
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INTRODUCTION

Plantar fasciitis is not typically found in athletes and its
etiology seems to be multi-factorial.>! Nevertheless 12.7%
of elite runners suffer from it at some time.'® Elevated body
mass index, higher age, reduced ankle dorsiflexion, abnormal
foot posture, and tight Achilles tendon are discussed as
intrinsic risk factors.?’:?® In the USA, one million patients
(3.8 per 1,000 persons) diagnosed with plantar fasciitis
visit a physician per year.?’ Trrespective of the method of
treatment, 80-90% of the patients become asymptomatic
within 10 months.?!

Stimulated by the work of Graff et al.'®> high energy
focused extracorporeal shock waves were introduced in
conservative orthopaedics in 1991 as an additional means
to induce healing in pseudarthrosis.>> Application of this
technology for treatment of plantar fasciitis was initially
reported in 1995.7 At that time and during the following
decade extracorporeal shock wave therapy was performed
under local or regional anesthesia and the area to treat was
defined to be 0.5 cm to 1 cm in diameter at maximum.’
This small area of interest was to be located by fluoroscopy
or (later) by ultrasound.” Meanwhile, biofeedback applica-
tion has been shown to result in superior outcome.’?> In
2001, radial extracorporeal shock wave therapy was intro-
duced for the treatment of plantar fasciitis.>> Focused shock
wave devices electromagnetically, electropneumatically, or
piezoelectrically’ generate energy which is transmitted to a
small region of interest (focus) with the maximum energy
level developing some cm subcutaneously. On the other
hand radial shock wave devices are pneumatically actu-
ated, develop their maximum energy at the skin surface
and distribute it radially into the tissue.' An advantage
of this method is that an extended volume of tissue can
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be treated.>* Thereby the maximum energy is found at the
interface between skin and transducer and is reduced in a
quadratic function related to penetration depth.

Up to now, evaluation of outcome following extracorpo-
real shock wave therapy has been performed exclusively by
subjective measures like VAS®** and standardized question-
naires (SF-36°, Roles and Maudsley Score®”). Testing for
neuromuscular performance, which is a standard in sport
science, has not yet been implemented as a measure for
outcome following extracorporeal shock wave therapy. We
therefore questioned if there was a difference in efficacy
following radial versus focused extracorporeal shock wave
therapy for plantar fasciitis.

MATERIALS AND METHODS

This study was approved by the local ethics committee.
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In a single center parallel group design, 39 patients were
randomized to either radial or focused extracorporeal shock
wave therapy. Patients and screening and followup investiga-
tors were blinded with respect to the specific treatment group
(double blinding). Shock waves were applied by a physician
who was not involved in screening or followup evaluation.

Patients

The study was advertised in the local press. Seventy
patients contacted the study center and were consecutively
screened (Figure 1). Thirty-nine patients in a “fair” or
“poor” condition with respect to the Roles und Maudsley
Score®® were considered eligible for the study. Inclusion and
exclusion criteria were evaluated by telephone or during a
screening visit (Table 1). Anthropometric baseline data were
recorded during the screening visit including age, sex, height,
weight, body mass index, shoe size, dominant leg, dominant
hand, and radiographic evidence of a heel spur.

The Consort Flowchart

Assessed for eligibility
(n=170)

Enrol

H

Excluded (n = 31)

= Not meeting inclusion criteria
(n=25)

=> Refused to participate
(n=6)

|Rand0mizati0n (n= 39)|

A

Analyzed (n = 18)
Excluded (n=1)
= Relevant concurrent knee injury

(n=1)

A4

Analyzed (n = 16)
Excluded since followup I (n = 2)
=> Not compliant (n = 2)

A4

Analyzed (n = 18)
=> Followup II data (n = 16)
= LVCEF from followup I data
(n=2)

Allocated to intervention rSWT Allocated to intervention fESWT
(n=19) (n=20)
Received allocated intervention Allocation Received allocated intervention
(n=19) (ITT, Baseline) (n=20)
Did not receive allocated intervention Did not receive allocated intervention
(n=0) (n=0)

Followup I
(2 Weeks)

Followup II
(12 Weeks)

Analysis

A4

A
Analyzed (n = 18)
Excluded (n =2)

=> Not compliant (n = 2)

A 4

Analyzed (n = 18)
Excluded since followup I (n = 0)

A4
Analyzed (n = 18)
Excluded from analysis (n = 0)

Fig. 1: Consolidated Standards of Reporting Trials (CONSORT) flow chart for the patients through the study. rESWT, radial extracorporeal shock wave
therapy; fESWT, focused extracorporeal shock wave therapy; ITT, Intention-to-Treat Population; LVCF, Last Value Carried Forward; rSWT, radial shock

wave therapy.
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Table 1: Inclusion/Exclusion Patient Criteria

Inclusion criteria
1. Plantar fasciits on one side clinically proven by:
e Typical focal tenderness at the medial plantar
fascia origin
e Typical load dependent plantar pain (VAS for
pain >5)
e Typical “morning pain” (pain on first getting up)
elicited by the first few steps
2. History >3 month resistant to conservative
treatment by:
e NSAR
e Local cortisone injection(s)
e >Six physiotherapy sessions (local massage,
ultrasound, electrotherapy, stretching, tape)
e Night splint
e Orthotic shoe inserts
. Roles and Maudsley Score = 3-4 (26)
. Heel spur proven or not by radiographs
. Age >18 years
. Written informed patient consent following detailed
information about the study
7. willingness to refrain from additional treatment
interventions during the course of the study
(exception: orthotic shoe inserts which were in
use for more then 2 months)

AN L AW

Exclusion criteria

1. Local and systemic neurologic disorders (including
sciatica)

2. Rheumatologic disorders

. Malignant disease

4. Lower extremity bone disorders (osteomyelitis,
Paget)

5. Posttraumatic axial misalignment of the lower

extremity (calcaneal fractures)

. Systemic Cortisone treatment

. Diabetes mellitus

. Coagulopathies

. Pregnancy

0. Bilateral plantar heel pain

(O8]

— O 00 3 O\

Thirty-nine patients were randomized to either focused
(n = 20) or radial (n = 19) shock wave treatment. In the
“focused” group the median age was 45.0 (range, 34.0 to
71.0) years, median height was 1.79 (range, 1.60 to 1.90) m,
median body weight was 85.0 (range, 60.0 to 115.0) kg,
median body mass index was 26.0 (range, 20.3 to 39.10),
and median French shoe size was 42 (range, 38 to 44). In the
“radial” group the median age was 52 (range, 38 to 68) years,
median height was 1.74 (range, 1.57 to 1.88) m, median body
weight was 86 (range, 59 to 100) kg, median body mass
index was 27.4 (range, 20.4 to 38.10), and average French
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shoe size was 41.5 (range, 38.5 to 44.0). Male/female ratio
was 12/8 in the “focused” and 11/8 in the “radial” subgroup.
The right leg (right hand) was dominant in 12 of 20 (18/20) in
the “focused” group and in 14 of 19 (19/19) in the “radial”
group. Radiographic evidence for a plantar heel spur was
present in 16 of 20 in the “focused” and in 17 of 19 in
the “radial” group. The baseline analyses showed more than
“small” group differences with regard to age, height and body
mass index.

Treatment

Shock waves were applied with the Duolith SD1 device
(Storz medical, Tdgerwilen, Switzerland) providing elec-
tromagnetically generated focused or pneumatically driven
radial extracorporeal shock waves. Treatment was performed
to the point of maximum tenderness over the medial plantar
fascia insertion in three sessions via biofeedback, with one
week interval. 2000 impulses (frequency = 10 Hz) were
applied per session. Energy flux density was 0.20 mJ/mm?
for patients in the “focused” group while “radial” shock
waves were transmitted with 0.17 mJ/mm? corresponding to
a 3-bar energy level setting.

Study procedure

After the screening visit and enrollment a patient could be
treated, or had to wait for treatment until the end of the 4
weeks “washout phase” following conservative treatment by
local injections (corticosteroid and/or local anesthesia), elec-
trotherapy, ice, heat, massage and antiinflammatory drugs.
Stretching and orthotics implemented more than 4 weeks
prior were allowed to be continued. Immediately before the
initial treatment (baseline) efficacy variables of the study
were tested (Foot Functional Index, Single leg drop and
long jump, postural stability, isokinetic testing). The treating
physician allocated the patient to the “radial” or “focused”
group following a computer generated random list (BiAS 8.4,
Frankfurt/Main, Germany) and performed the initial treat-
ment. One and 2 weeks later (£3 days), two more treatment
sessions were offered, if the patient further suffered from
relevant pain. Followup investigations were performed 2 and
12 weeks after the last shock wave treatment repeating the
baseline measures.

QOutcome instruments

Main efficacy outcome of the study was determined
by formal meta-analytic pooling procedure of eight single
variables, including changes in Foot Functional Index and in
neuromuscular performance (Single leg drop and long jump,
postural stability, isokinetic testing).

The Foot Function Index (FFI) is a foot specific vali-
dated questionnaire, which measures the influence of pain,
disability and activity restriction on function.* Originally
designed to study rheumatoid arthritis patients without fixed
foot deformities,* reliability was demonstrated also for
patients with different foot complaints without systemic
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disease.! It was already implemented in a previous study
for plantar fasciitis.>> The patient administered questionnaire
has been translated in an expert consensus meeting (authors
of the study).

We introduced neuromuscular performance tests to objec-
tively evaluate functional outcome after dorsal calcaneocu-
boid ligament repair.>> As pain affects function!! it seemed
reasonable to use these functional tools to objectively eval-
vate neuromuscular performance in the course of the reha-
bilitation. A specific validation for plantar fasciitis, however,
has not yet been performed.

Single leg drop jumps: jumping height was calculated from
the time interval between single leg take off from a height of
16 cm with the hands fixed to the hips and landing (contact
mat, Biovision® Wehrheim, Germany).

Single leg long jumps: from single leg stance take off
and landing took place on the same foot and the covered
distance was measured. Patients initially accommodated to
both jumping techniques. The best of three trials for each leg
was further analyzed. These tests were validated in subjects
with normal and anterior cruciate ligament deficient knees
and following anterior cruciate ligament reconstruction.>2’
In a previous study the reliability of the single-leg drop and
long jump as well was ICC > 0.95.23

Single limb posturometry: This test is validated for
differentiating between functionally unstable and stable
ankles.'” Involuntarily, the stance plate of a Posturomed®
system (Haider Bioswing, Pullenreuth, Germany) was medio-
laterally perturbed 25 mm. The patient (upright standing,
open eyes, directed straight ahead) was asked to stabilize the
system as fast as possible. The path of the center of gravity
was recorded for 20 s. The best of three trials of either leg
was used for further consideration.

Isokinetic testing: To quantify the muscular status of the
ankles, isokinetic testing has proven to be reproducible.'¢ We
used a standard concentric/concentric dorsi-/plantarflexion
ankle protocol at 30 degrees/second and 120 degrees/second,
respectively (Biodex System 3 PRO, Biodex Medical Systems,
New York, NY). Peak torque values were calculated from this
data for either ankle.

Statistical analyses

Minimizing the required assumptions is a recommended
approach for confirmatory statements on efficacy,”’ espe-
cially in small sample sizes. Thus, a nonparametric assess-
ment of treatment effects was chosen as the primary analysis
method.

The baseline analyses showed more than “small” group
differences with regard to age, height and body mass index.
While the group differences with regard to height (median
1.79 m versus 1.74 m) and body mass index (median 26.0
versus 27.4) may be regarded as clinically negligible, the
(statistically not significant) difference in age of 7 years
might be of prognostic value. Thus, special stratified anal-
yses have been performed using the overall median of
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the Intention-to-Treat population (ITT) as a cutoff for
dichotomization resulting in a “low age” subgroup (less than
50 years) and a “high age” (more than 50 years) subgroup.
The statistical analyses were performed using Testimate,
version 6.4. Figures have been created using ScienceGraph,
version 4.9. Meta-analytic pooling procedures'> have been
performed using MetaSub, version 1.3.6. This software is
fully validated according to FDA 21 CRF part 11 (all soft-
ware by idv, Gauting, Germany). For missing values at the
final visit the last value carried forward technique has been
applied.

Due to potentially relevant baseline inhomogeneities with
regard to age, a formal subgroup pooling was performed
by means of formal meta-analysis in order to investigate
the adjusted overall effect across subgroups. The effect
size analyses were made by applying the Wilcoxon-Mann-
Whitney test (univariate and multivariate) which provides
the Mann-Whitney estimator (MW).

Statistical significance was determined by the confidence
interval approach:!” if the lower bound of the two-sided
95.0% confidence interval (LB-CI) was lying above the
benchmark for equality, statistical significance was shown
(LB-CI > 0.5). The relevant benchmarks for the Mann-
Whitney estimator (MW) were:® 0.29 = large inferiority,
0.36 = medium sized inferiority, 0.44 = small inferiority,
0.50 = equality, 0.56 = small superiority, 0.64 = medium
sized superiority, 0.71 = large superiority. MW estimators
of 0.36 (or less) or 0.64 (or more) for medium-sized
inferiority or superiority, respectively were regarded as
clinically relevant (Table 2).5

For variables measured on both sides of the body, the
intraindividual differences have been used. With regard
to Foot Functional Index, the sumscore (comprising pain,
disability, and function subscales) has been used. Missing
final values have been replaced by last value carried forward
technique.

RESULTS

In the “focused” group the median FFI was 36.0 at baseline
and 11.5 at followup (p = 0.0027). In the ‘“radial” group
the median FFI was 37.3 at baseline and 14.7 at followup
(»p = 0.0013). Within the neuromuscular performance tests,
statistically relevant changes from baseline to followup were
found in the “radial” group for the single limb posturometry
(median at baseline, 66.2 mm; median at followup, 38.6 mm;
p = 0.0159), and for the isokinetic plantarflexion testing
in 30 degrees/second (median at baseline 44.7 Nm, median
at followup 52.5 Nm; p = 0.0432). In the “focused” group
single limb posturometry improved from baseline (median,
87.7 mm) to followup (median, 44.3 mm; p = 0.0814), and
the isokinetic plantarflexion testing in 30 degrees/second
increased from 43.7 Nm (median) at baseline to 48.7 Nm
(median; p = 0.1297) at followup.
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Table 2: Statistical Methods Overview/Explanation

Overview of Statistical Methods

e Evaluation of all
intention-to-treat-analysis

‘Crude’ Pooling

patients.
Wilcoxon-Mann-Whitney e Group comparisons with
test regard to each of the eight
efficacy criteria (univariate
analyses)

Multivariate, directional e Group comparisons with
Wilcoxon-Test regard to the combination
(Wei-Lachin Procedure) of all eight efficacy criteria

(multivariate analyses)

Mann-Whitney statistic e Nonparametric effect size

(MW = Mann - e Relevant benchmarks for
Whitney estimator) effect size (MW) according
to Cohen: 0.29 = large
inferiority, 0.36 =
medium-sized inferiority,
0.44 = small inferiority, 0.5
= equality, 0.56 = small
superiority, 0.64 =
medium-sized superiority,
0.71 = large superiority
‘Subgroup’ Pooling e Evaluation as described for
(Formal Meta-analytic “crude pooling”, but this
Approach) time within each subgroup
(age below or over
50 years) followed by
Jformal pooling of the
subgroup results by
meta-analytic procedures
(Hedges-Olkin)!>. The
resulting effect sizes are
adjusted for baseline
differences (age).
Confidence interval e Statistical significance is
approach for shown if the lower bound
significance (ICH E9)!7  of the confidence interval is
lying above the benchmark
for equality (0.50).
e Confidence interval:
two-sided 95.0%

The overall result (crude pooling) in the full intention
to treat population (ITT) shows “small” superiority of the
focused as compared to the radial shock wave treatment
(Figure 2). The result adjusted for age subgroups indicates
“more than small” superiority of the focused treatment. The
adjusted result with formal meta-analytic pooling was statis-
tically significant (LB-CI = 0.5068, benchmark for equality
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= 0.5, confidence interval approach, exploratory interpre-
tation). In addition to the adjusted result there was also
statistically significant superiority within the single “high
age” subgroup (exploratory interpretation) (Figure 2). With
respect to the eight single outcome variables, focused
treatment was superior in six out of eight parameters.
More than “small” (up to “medium-sized”) superiority
was shown for the focused technique in four single vari-
ables (single leg drop jump, isokinetic testing for plan-
tarflexion at 30 degrees/second, and isokinetic testing for
dorsiflexion and plantarflexion at 120 degrees/second).
“Medium-sized” superiority for the focused group was found
in isokinetic dorsiflexion testing at 120 degrees/second.
Focused shock wave group was inferior in isokinetic
dorsiflexion testing at 30 degrees/second (MW = 0.48)
and for single leg long jump testing (MW = 0.42)
(Figure 3).

Considering patient’s age, five out of eight measures in
the “low age” group and seven out of eight variables in the
“high age” group were superior for the focused shock wave
treatment (Figure 4, A and B).

DISCUSSION

Historically, mainly focused shock waves have been used
for treatment of recalcitrant plantar fasciitis.’! There is
only one recent placebo controlled and double blind trial
available demonstrating the effect of radial shock waves
compared to a placebo treatment.® Both methods have
not been compared up to now. The device used for the
present study integrates a focused and a radial shock wave
generation as well. It is marketed not only in Europe,
but worldwide and FDA approval (PMA) for the USA is
pending. The present pilot study revealed some indication
for superiority of the focused extracorporeal shock wave
treatment as compared to the radial extracorporeal shock
wave treatment. Combining all tested variables, resulted in
a superior outcome for the group treated with focused shock
waves. After adjustment for age, this overall efficacy was
statistically significant for the full ITT population as well
as for the “high age” (more than 50 years) subgroup. In a
review of the literature, formal meta-analysis could not be
performed due to considerable methodological heterogeneity
between studies. Nevertheless, these authors concluded that
well designed studies were found to be more prone to show
favorable results for the respective extracorporeal shock
wave treatment groups.’! Most earlier randomized trials
revealed no beneficial effect of extracorporeal shock wave
therapy compared to placebo.®!* As recently demonstrated,
these results were most likely biased by the use of local
anesthesia as biofeedback controlled aiming of the shock
waves to the most tender area has been shown to improve
treatment results.>> Considering only randomized and double
blinded trials, a superior outcome of extracorporeal low
energy shock waves on patients suffering from intractable
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Multivariate Analyses of Combined Efficacy Criteria with Adjustment for Age
Change from Baseline (Post-Pre): LVCF
Focused (Test) vs. Radial {Reference) - Data Set: ITT
Multivariate Wilcoxon-Mann-Whitney-U Tests (Wei-Lachin Procedure), Two-sided. 95.0% ClI
1. Supenionty: Focused
09 <
0.8
3 0.7 4 Large
B - - ;
g 06 4 * 4 i Medium
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2 05 — i — Equal
Small
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Fig. 2: Final changes from baseline of main efficacy variables (combined evaluation). Results of Multivariate Wilcoxon tests and formal Meta-Analytic pooling
procedure with adjustment for subgroups. LVCF, Last Value Carried Forward; ITT, Intention-to-Treat Population; CI, Two-Sided 95% Confidence Interval;
MW, Mann-Whitney Estimator (Effect Size Measure); LB, Lower bound of the Two-Sided 95% Confidence Interval; UB, Upper bound of the Two-Sided 95%
Confidence Int; P, p value; T, Test subgroup (“focused”); R, Reference subgroup (“radial”).
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Fig. 3: Final changes from baseline of main efficacy single variables, Results of Exact Wilcoxon-Mann-Whitney tests. ITT, Intention-to-Treat Population; CI,
Two-Sided 95% Confidence Interval; MW, Mann-Whitney Estimator (Effect Size Measure); LB, Lower bound of the Two-Sided 95% Confidence Interval;
UB, Upper bound of the Two-Sided 95% Confidence Int; P, p value; T, Test subgroup (“focused”); R, Reference subgroup (“radial”’). DJD4ACBLV =Drop
jump change from baseline last value carried forward. LID4CBLV, Long jump change from baseline last value carried forward. PMD4CBLV, Posturomed
change from baseline last value carried forward. P30D4CBLYV, Isokinetics Plantarflexion 30 degrees/second change from baseline last value carried forward.
D30D4CBLYV, Isokinetics Dorsiflexion 30 degrees/second change from baseline last value carried forward. P120D4CBLYV, Isokinetics Plantarflexion 120
degrees/second change from baseline last value carried forward. D120D4CBLV, Isokinetics Dorsiflexion 120 degrees/second change from baseline last value

carried forward. FFI4CBLV, Foot Functional Index change from baseline last value carried forward.



Foot & Ankle International/Vol. 31, No. 1/January 2010 SHOCK WAVES IN PLANTAR FASCIITIS 7

A <=50 Foc (Test) vs. <=50 Rad (Reference)
Data Set: ITT AGEKAT
Wilcoxon-Mann-Whitney-U Test. Two-sided. 95.0% Ci
"0 EeEnCE R - ==
09 -
0.8 I il i
w
=2 . Lar
= Y —— wie
06 -
Gi : ! L] L] ; : + Small
E 05 Equal
= o — e —t=  Small
g 04 - ® ]
g —_ = = -t= Medium
< 03 - = Large
02 ==
0.1 =
00 Supencety. <=50 Radil
 DJOSCBLY LJDACELY PMDACELY  PI0DSCBLY  D30CQCBLY  P12004CBLY  D12004CBLY FFIACBLY
MW=0 4375 WWw=0 3807 Mw=0 5795 MW=0 5795 MW=0 3977 MW=0 7102 MW=0 T045 MW=0 5455
LB=0 1470 LB=0 1353 LB=0 3303 LB=0 3323 LB=0 1585 LB=0 4463 LB=0 4500 LB=0 3055
UB=0 6780 LUB=0 6261 =0 8198 UB=0 3268 Us=0 6370 UB=0 9741 UB=09531 UB=0 7854
P=0 6667 P=0 4068 Pz0 5899 P=0 5439 P=0 4920 P=0 1240 P=0 1513 P=0 7780
T1Ra T1RE T1Re T1RE T1Rea TR S TiwvRS TiWR 3
029/0 71 = large déference, 0 35 /0 62 medwen-sized cfference, 044 /0 58 small dfference, 0 50 egualty
B >50 Foc (Test) vs. >50 Rad (Reference)
Data Set: ITT AGEKAT
Wilcoxon-Mann-Whitney-U Test. Two-sided. 95.0% CI
10 Srdiay 0 Focned = o
09 - —
o84 | - T —
g 07 - ; Large
= 06 Medium
Ci ; . : : L 4 : ; ¢ Small
E 05 —e— Eque!
g b - R e - = 5 + -4t Small
04 -
£ = — Medium
g 03 - Large
02 ==
0.1
0.0 Supencety. »50 Radal
DJD4CBLY LJDACELY PMOD4CELY  P30DECBLY  D3004CBLY  P12004CBLV  D1200<4CBLY FFIACBLY
MW=0 7643 MW=0 5500 MWw=0 4571 MW=0 7000 Mw=0 5857 MW=0 6857 MW=0 6286 MW=0 5424
LB=05225 LB=0.2832 LB=0 2027 LE=0 4491 LB=0 3344 LB=0 4309 LB=0 3751 LB=0 2878
UB=10000 US=0 8063 UB=07116 Ug=0 9509 uB=0 8371 UB=0 9405 UB=08820 UB=07980
P=00674 P=07573 P=038125 P=0.1932 P=0 6009 P=0 2295 P=04173 P=08125
TR 10 TR0 TR0 TR0 TR 10 TR0 TR 10 TR 10
0237071 = large dfference, 0 36 /0 B4 meciwmn-sized cfference, 044 /0 56 small diference, 0 50 equalty

Fig. 4: Final changes from baseline of main efficacy single variables, last value carried forward, Results of Exact Wilcoxon-Mann-Whitney tests. Subgroups
“low age” (A) and “high age” (B). Cut off point, 50 years. ITT AGEKAT= Intention-to-Treat Population Categorized for Age Subgroups; CI, Two-Sided 95%
Confidence Interval; MW, Mann-Whitney Estimator (Effect Size Measure); LB, Lower bound of the Two-Sided 95% Confidence Interval, UB, Upper bound
of the Two-Sided 95% Confidence Int; P, p value; T, Test subgroup (“focused”); R, Reference subgroup (“radial”’). DID4CBLV =Drop jump change from
baseline last value carried forward. LJD4CBLV, Long jump change from baseline last value carried forward. PMD4CBLV, Posturomed change from baseline
last value carried forward. P30D4CBLYV, Isokinetics Plantaflexion 30 degrees/second change from baseline last value carried forward. D30D4CBLYV, Isokinetics
Dorsiflexion 30 degrees/second change from baseline last value carried forward. P120D4CBLYV, Isokinetics Plantarflexion 120 degrees/second change from
baseline last value carried forward. D120D4CBLV, Isokinetics Dorsiflexion 120 degrees/second change from baseline last value carried forward. FFI4CBLV,
Foot Functional Index change from baseline last value carried forward.
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plantar fasciitis as compared to placebo treatment was
consistently present.®12.22:22.25

There is only one randomized controlled trial available
in the literature comparing high (0.56 mJ/mm?) and low
(0.12 mJ/mm?) intensity focused extracorporeal shock wave
therapy and no difference was present.”> A reduced pain level
however was reported for patients who additionally exercised
three times or more per week and received high intensity
treatment.”?

We present the first randomized controlled study com-
paring the outcome following focused or radial shock
wave therapy applied with identical energy flux densities.
Some evidence for a better outcome in the focused group
has been found even with the small number of patients
available in this study and the results further were age
dependent.

No generally agreed evaluation instrument exists. The
question, which instruments are relevant for baseline and
follow up evaluation in extracorporeal shock wave therapy
studies, is not adequately addressed in the literature. Outcome
measuring instruments in extracorporeal shock wave therapy
studies traditionally evaluate the subjective condition of the
patients. Most often subjective pain scales like the VAS**
are used and have been applied extensively in evaluation of
extracorporeal shock wave therapy effects.3! Additionally,
attempts have been made to compress the structure under
investigation by a specific device which allowed for a
standardized pressure. The resulting pain again was judged
by the patient on VAS.?* However, there is no validated
disease-specific instrument available for plantar fasciitis even
if standardized foot specific questionnaires like the FFI*?2
and generic tools like the Short Form-36 Health Survey (SF-
36)° or the Roles and Maudsley Score®” have rarely been
implemented and were combined to measure outcome.® 422
We used the FFI score consisting of a pain scale which
is composed of eight specific pain questions (worst foot
pain, foot pain in the morning, pain walking barefoot, pain
standing barefoot, pain walking with shoes, pain standing
with shoes, pain walking with orthotics, pain standing with
orthotics). One article introduced ultrasound plantar fascia
thickness measurement as a means for objective outcome
measures. While thinner plantar fascias predicted less pain
after treatment, a significant reduction of the mean plantar
fascia thickness from 4.6 mm to 4.2 mm (p < 0.05) was
detected only for the low intensity treatment group.”?> Even
if the reliability of the measurements were confirmed, this
difference is clinically irrelevant.

Functional testing is recommended and has been vali-
dated to assess functional limitations following knee ligament
injuries and during the course of the rehabilitation.>26-?
This is the first study evaluating extracorporeal shock wave
therapy effects relying not only on patient administered
subjective data. It seems reasonable that pain limits func-
tion of a specific structure or functional unit. Conversely,
pain reduction as a consequence of treatment is assumed to
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improve performance irrespective of any specific training.
Theoretically, the functional neuromuscular capacity of
patients suffering from plantar fasciitis is therefore impor-
tant as well. In this context, we implemented different tests
for complex neuromuscular performance using active (isoki-
netics, single leg long jump) and reactive (single leg drop
jump) muscular performance and postural control (postur-
ometry). Nevertheless, even these tests are limited by the
actual patient’s motivation. Establishing combined efficacy
criteria resulting from subjective scores and neuromuscular
measurements may lead to more robust assessment of the
effects of extracorporeal shock wave treatment.

One weakness of the present study is the small number of
patients leading to large confidence intervals of the single
outcome variables with corresponding imprecision of the
univariate results. Also, a group difference with regard to
age (7 years) was detected in the baseline investigation.
Further analysis showed that subjects older than 50 years
had a better outcome. The results additionally may be biased
by a “learning curve” from baseline to followup, as our
reliability testing was performed with young and healthy
subjects active in high level competition sports who are more
familiar with these activities.?*> Besides this, further placebo
controlled validation and reliability testing with respect to
extracorporeal shock wave therapy and specific pathologies
has to be performed not only for the presented functional
tests but also for all previously applied instruments like VAS.
The obtained results should be confirmed by further clinical
studies with larger patient numbers.

CONCLUSION

Focused extracorporal shock wave therapy may be supe-
rior compared to radial extracorporeal shock wave therapy
in plantar fasciitis using the same low intensity energy flux
densities. However, validation in large scale trials are needed
for any superiority outcome measure in the evaluation of
extracorporeal shock wave therapy.

REFERENCES

1. Agel, J; Beskin, JL; Brage, M; et al.: Reliability of the Foot Function
Index: A report of the AOFAS Outcomes Committee. Foot Ankle Int,
26:962-967, 2005.

2. Barber, SD; Noyes, FR; Mangine, RE; McCloskey, JW; Hartman,
W: Quantitative assessment of functional limitations in normal and
anterior cruciate ligament-deficient knees. Clin Orthop Relat Res,
204-214, 1990.

3. Buchbinder, R; Ptasznik, R; Gordon, J; et al.: Ultrasound-guided
extracorporeal shock wave therapy for plantar fasciitis: a randomized
controlled trial. JAMA, 288:1364—1372, 2002. http://dx.doi.org/
10.1001/jama.288.11.1364

4. Budiman-Mak, E; Conrad, K.J; Roach, KE: The Foot Function
Index: a measure of foot pain and disability. J Clin Epidemiol,
44:561-570, 1991. http://dx.doi.org/10.1016/0895-4356(91)90220-4

5. Bullinger, M; Kirchberger, I; Ware, J: Der deutsche SF-36
Health Survey. Ubersetzung und psychometrische Testung eines



Foot & Ankle International/Vol. 31, No. 1/January 2010

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

krankheitsiibergreifenden Instruments zur Erfassung der gesundheits-
bezogenen Lebensqualitdt. Zeitschrift fiir Gesundheitswissenschaften,
3:21-36, 1995.

. Colditz, GA; Miller, JN; Mosteller, F: Measuring gain in the evalu-

ation of medical technology. The probability of a better outcome. Int
J Technol Assess Health Care, 4:637-642, 1988. http://dx.doi.org/10.
1017/S0266462300007728

. Dahmen, GP; Franke, R; Gonchars, V; et al.: Die Behandlung

knochennaher Weichteilschmerzen mit Extracorporaler Stowellenther-
apie (ESWT). Indikation. Technik und bisherige Therapie, in Chaussy,
C; Eisenberger, F; Jochum, D; Wilbert, D. (eds), Die Stofiwelle -
Forschung und Klinik. Tiibingen, Attempo, 1995, pp. 175-186.

. Gerdesmeyer, L; Frey, C; Vester, J; et al.: Radial Extracorporeal

Shock Wave Therapy Is Safe and Effective in the Treatment of Chronic
Recalcitrant Plantar Fasciitis: Results of a Confirmatory Randomized
Placebo-Controlled Multicenter Study. Am J Sports Med, 2008.

. Gerdesmeyer, L; Henne, M; Gobel, M; Diehl, P: Physical Principles

and Generation of Shockwaves, in Gerdesmeyer, L. and Weil, L.S. (eds),
Extracorporeal Shockwave Therapy. Towson, Data Trace Publishing
Company, 2007, pp. 11-20.

Gerdesmeyer, L; Maier, M; Haake, M; Schmitz, C: [Physical-
technical principles of extracorporeal shockwave therapy (ESWT)].
Orthopade, 31:610-617, 2002. http://dx.doi.org/10.1007/s00132-002-
0319-8

Giffin, JR; Stanish, WD: Overuse tendonitis and rehabilitation. Can
Fam Physician, 39:1762—1769, 1993.

Gollwitzer, H; Diehl, P; von, KA; Rahlfs, VW; Gerdesmeyer, L:
Extracorporeal shock wave therapy for chronic painful heel syndrome:
a prospective, double blind, randomized trial assessing the efficacy
of a new electromagnetic shock wave device. J Foot Ankle Surg,
46:348-357, 2007. http://dx.doi.org/10.1053/j.jfas.2007.05.011

Graff, J; Richter, K-D; Pastor, J: Effect of high energy shock waves
on bony tissue. Urol Res, 16:252-258, 1988.

Haake, M; Buch, M; Schoellner, C; et al.: Extracorporeal shock wave
therapy for plantar fasciitis: randomised controlled multicentre trial.
BMJ, 327:75, 2003. http://dx.doi.org/10.1136/bmj.327.7406.75
Hedges, LV; Olkin, J: Statistical Methods for Meta-Analysis,
Academic Press, Inc; 1985.

Holmback, AM; Porter, MM; Downham, D; Lexell, J: Reliability of
isokinetic ankle dorsiflexor strength measurements in healthy young
men and women. Scand J Rehabil Med, 31:229-239, 1999. http://
dx.doi.org/10.1080/003655099444407

ICH 9. Statistical Principles for Clinical Trials. International Conference
on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use. 1998. London UK, CPMP/ICH/
363/96. Ref Type: Data File

Knobloch, K; Yoon, U; Vogt, PM: Acute and overuse injuries
correlated to hours of training in master running athletes. Foot Ankle
Int, 29:671-676, 2008. http://dx.doi.org/10.3113/FAL.2008.0671
Konradsen, L; Beynnon, BD; Renstrom, PA: Techniques for
measuring sensorimotor control of the ankle: evaluation of different
methods, in Lephart, SM. and Fu, F.H. (eds), Proprioception and
neuromuscular control in joint stability. Leeds, Human Kinetics, 2000,
pp. 139-144.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

SHOCK WAVES IN PLANTAR FASCIITIS 9

LaVange, LM; Durham, TA; Koch, GG: Randomization-based
nonparametric methods for the analysis of multicentre trials. Stat
Methods Med Res, 14:281-301, 2005. http://dx.doi.org/10.1191/
0962280205sm3970a

League, AC: Current concepts review: plantar fasciitis. Foot Ankle Int,
29:358-366, 2008. http://dx.doi.org/10.3113/FAL.2008.0358

Liang, HW; Wang, TG; Chen, WS; Hou, SM: Thinner plantar fascia
predicts decreased pain after extracorporeal shock wave therapy. Clin
Orthop Relat Res, 460:219-225, 2007.

Lohrer, H; Nauck, T; Arentz, S; Vogl, TJ: Dorsal calcaneocuboid
ligament versus lateral ankle ligament repair: a case-control study. Br
J Sports Med, 40:839—-843, 2006. http://dx.doi.org/10.1136/bjsm.2006.
026807

Lohrer, H; Scholl, J; Arentz, S: [Achilles tendinopathy and
patellar tendinopathy. Results of radial shockwave therapy in patients
with unsuccessfully treated tendinoses]. Sportverletz Sportschaden,
16:108—114, 2002. http://dx.doi.org/10.1055/s-2002-34752

Malay, DS; Pressman, MM; Assili, A; et al.: Extracorporeal
shockwave therapy versus placebo for the treatment of chronic proximal
plantar fasciitis: results of a randomized, placebo-controlled, double-
blinded, multicenter intervention trial. J Foot Ankle Surg, 45:196-210,
2006. http://dx.doi.org/10.1053/j.jfas.2006.04.007

Ortiz, A; Olson, SL; Roddey, TS; Morales, J: Reliability of selected
physical performance tests in young adult women. J Strength Cond Res,
19:39-44, 2005. http://dx.doi.org/10.1519/14163.1

Petschnig, R; Baron, R; Albrecht, M: The relationship between
isokinetic quadriceps strength test and hop tests for distance and
one-legged vertical jump test following anterior cruciate ligament
reconstruction. J Orthop Sports Phys Ther, 28:23-31, 1998.

Riddle, DL; Pulisic, M; Pidcoe, P; Johnson, RE: Risk factors for
Plantar fasciitis: a matched case-control study. J Bone Joint Surg Am,
85-A:872-877, 2003.

Riddle, DL; Schappert, SM: Volume of ambulatory care visits and
patterns of care for patients diagnosed with plantar fasciitis: a national
study of medical doctors. Foot Ankle Int, 25:303-310, 2004.

Roles, NC; Maudsley, RH: Radial tunnel syndrome: resistant tennis
elbow as a nerve entrapment. J Bone Joint Surg Br, 54:499-508, 1972.
Rompe, JD; Furia, J; Weil, L; Maffulli, N: Shock wave therapy
for chronic plantar fasciopathy. Br Med Bull, 81-82:183-208, 2007.
http://dx.doi.org/10.1093/bmb/ldm005

Rompe, JD; Meurer, A; Nafe, B; Hofmann, A; Gerdesmeyer, L:
Repetitive low-energy shock wave application without local anesthesia
is more efficient than repetitive low-energy shock wave application with
local anesthesia in the treatment of chronic plantar fasciitis. J Orthop
Res, 23:931-941, 2005.

Scholl, J; Lohrer, H: Fasciitis plantaris—eine Indikation zur
StoBwellentherapie. Orthopidieschuhtechnik, 6670, 2001.

Scott, J; Huskisson, E.C: Graphic representation of pain. Pain,
2:175-184, 1976. http://dx.doi.org/10.1016/0304-3959(76)90113-5
Valchanov, VD; Michailov, P: High energy shock waves in
the treatment of delayed and nonunion of fractures. Int Orthop,
15:181-184, 1991.


https://www.researchgate.net/publication/41000392

