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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 4 Extracorporeal shock wave therapy (ESWT) is a promising treatment for plantar fasciitis (PF), however, treatment

results have varied due to inconsistencies among types of shock wave treatment and devices used. This retrospec-

Keywords:
foot and ankle outcome score tive chart review includes patients who underwent ESWT using the OrthoGold 100™ shock wave device (MTS,
heel pain Konstanz, Germany) for PF between January, 2013 and September, 2018. There were 108 patients (119 heels)

identified, with a mean age of 51.7 & 16.5 (Range 21-83) years. Patients were treated weekly for 3 weeks, with
2000 impulses per session at an energy flux density between 0.10 and 0.17 mJ/mm?2. Mean follow-up duration
was 11.5 + 9.7 (Range 3-51) months. Mean pre-ESWT pain visual assessment scale improved from 6.7 + 1.7 to 2.6
+ 2.7 (p <.001). The Foot and Ankle Outcome Score subscales: pain, function of daily living, function of sports and
recreational activities and quality of life domains improved from 53.7 + 14.9 to 75.7 £+ 16.7 (p < .001), from 38 +
15.2 to 71.8 + 23 (p < .001), from 55.8 + 16.4 to 71.4 = 18 (p < .001), from 42.4 & 21.5 to 59.4 + 20.3 (p < .001)
and from 44.9 + 16.4 to 69 + 23.9 (p < .001), respectively. Eighty-eight (81.5%) patients were satisfied with the
procedure at final follow-up. Treatment of PF with unfocused shock waves was well tolerated and led to significant
pain reduction, functional improvement, and patient satisfaction.
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Plantar fasciitis (PF) is the most common cause of heel pain, esti-
mated to affect 10% of people during their lifetime and accounting for
more than 1 million office visits per year (1-5). PF most commonly
presents from age 40 to 60, and risk factors include obesity, running,
and decreased ankle dorsiflexion (4,6,7). Other factors associated with
PF include pes planus, pes cavus, spondyloarthropathies, and a tight
Achilles tendon (8). Patients with PF typically complain of pain upon
first standing in the morning and are tender to palpation at the medial
tubercle of the calcaneus (5,8). The majority of cases resolve with con-
servative therapy alone within 6 to 18 months (4,9). However, 10% of
patients may develop chronic pain, significantly affecting quality of life
and necessitating further intervention (10).

The diagnosis of PF is mostly clinical, supported by the characteristic
pain localized at the medial tubercle of the calcaneus (9). Calcaneal
spurs have been associated with PF and may be present on radiograph
in 35% to 50% of patients, however their presence is not diagnostic and
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is often regarded as an incidental finding (8,11,12). Ultrasound may be
used to rule out other causes of foot pain and may show plantar fascia
thickening (>4 mm), which has been reported in 47.3% of feet with PF
(11). Magnetic resonance imaging (MRI) may also be obtained to con-
firm a diagnosis of PF or to rule out other pathology, however it may be
normal in 20% of patients (13).

Available treatments for PF can be broadly divided into nonsurgical
and surgical treatments. Nonsurgical modalities include rest, activity
modification, ice massage, oral analgesics, strengthening and stretching
exercises, orthotics, and splints (1,2). More invasive nonsurgical options
include corticosteroid injections, Platelet-rich plasma (PRP) injections,
dry needling, and botulinum toxin injections (2,14-16). About 5% to
10% of patients may fail nonsurgical treatment and go on to require sur-
gical management, which includes plantar fasciotomy, neurotomy, neu-
rolysis, calcaneal spur resection, and calcaneal decompression (9).
Currently, endoscopic plantar fasciotomy is the authors' preferred sur-
gical approach.

Extracorporeal shock wave therapy (ESWT) is an innovative modality
that has been shown to be a promising technique in treating PF (17-22).
Since its introduction to orthopedics, it has since been used to manage
multiple orthopedic conditions, including lateral epicondylitis, calcifying
tendinitis of the shoulder, and fracture nonunions (23-28). The

1067-2516/$ - see front matter © 2020 by the American College of Foot and Ankle Surgeons. All rights reserved.

https://doi.org/10.1053/j.jfas.2020.08.027


http://crossmark.crossref.org/dialog/?doi=10.1053/j.jfas.2020.08.027&domain=pdf
mailto:OMalleyM@hss.edu
https://doi.org/10.1053/j.jfas.2020.08.027
https://doi.org/10.1053/j.jfas.2020.08.027
http://www.ScienceDirect.com
http://www.jfas.org

472 A. Fansa et al. / The Journal of Foot & Ankle Surgery 60 (2021) 471-476

application of ESWT for treating PF was first described in 1995 (22). Since
then, many have described the use of ESWT for treating PF, however the
type of ESWT has been highly variable, potentially accounting for the
lack of consensus on ESWT for PT (19,29-32).

There are variations in the mechanics of how a shock wave may be
produced and delivered, and currently these differences are broken
into the following categories: Focused, which includes electrohydraulic,
electromagnetic and piezoelectric devices, and unfocused, which is lim-
ited to the electrohydraulic method, for reasons including physics and
patents (33). It is noteworthy that radial acoustic pressure pulse devi-
ces, while unfocused, are not ESWT devices, as they produce a different
wave form (34,35). Low-intensity electromagnetic and piezoelectric
devices rely on focusing the energy produced down to a focal point
where enough is condensed to cause a shock wave to form (36). There-
fore, the shock wave is created within the tissue at a fixed focal length.
Low-intensity electrohydraulic devices create a shock wave at the
source inside the applicator head (37). If a focused applicator is used,
then a second shock wave is produced within the tissue at the fixed
focal length (36). With an unfocused electrohydraulic applicator, the
energy dispersal pattern is wide, with no secondary shock wave, as
there is no focal point (37). These unfocused electrohydraulically-pro-
duced shock waves trigger the same biologic responses as focused devi-
ces do, with the advantage of a much larger shock wave zone,
increasing efficiency of the treatment and reducing risk by eliminating
the energy concentrations which occur at focal points (37,38). In addi-
tion, the unfocused shock wave is much better tolerated by the patient
and does not require local anesthesia or general anesthesia. The vari-
ability in type of shock wave is one of the main reasons that it remains
poorly understood as a treatment modality.

An electrohydraulically-produced shock wave is an acoustic wave
that transmits energy, generated from an underwater high voltage dis-
charge that creates a transient pressure difference. (36) It is character-
ized by high peak pressures (>100 mpa), a rapid rise in pressure (<10
ns), and short duration (<10 ns) (39). This wave propagates through
water and is transferred to the human body via a contact medium. The
shock waves can be delivered in a focused or unfocused manner. Unfo-
cused ESWT, are referred to as “Soft” waves. Once a shock wave is gen-
erated, it travels through water and is then transmitted into the body
via an applicator with an ellipsoid reflector, with a combination of
direct and reflected waves. Whenever the wave reaches an interface
between different mediums, part of the wave is reflected, and part is
transmitted. Although the exact mechanism of shock wave therapy is
not understood, evidence suggests that the therapeutic effects of shock
waves are induced by the release of energy at interfaces, which gener-
ates a cellular response via mechanotransduction, thereby enabling a
cascade of biological effects (39-42). In essence, the shock wave pro-
vides the mechanical stimulus that is translated into biochemical sig-
nals via mechanotransduction. The proposed biologic effects include
modulation of the inflammatory response, neovascularization,
increased cell proliferation and collagen synthesis, resorption of calcifi-
cations, and downregulation of metalloproteinases (36,39,43).

One advantage to soft shock wave is that its maximum energy is
exerted at the skin interface and is distributed in a wide pattern into tis-
sue, allowing for treatment of a larger area (22). In contrast, hard shock
waves deliver focused energy to a smaller focus that is localized subcu-
taneously (22). ESWT can be further separated to low- (energy flux den-
sity <0.1 mJ/mm?), medium- (energy flux density: 0.1-0.2 mJ/mm?),
and high- (energy flux density >0.2 mJ/mm?) intensity treatments. One
meta-analysis has previously suggested that medium-intensity ESWT
(MI-ESWT) was more effective than control (20).

We were interested in determining if unfocused MI-ESWT was satis-
factory in decreasing pain, and increasing function and quality of life in
patients with PF. We hypothesized that pre-ESWT Foot and Ankle Out-
come Score (FAOS) and Pain visual assessment scale (VAS) scores would

improve after unfocused MI-ESWT. Our primary aim was to measure
change in Pain VAS scores, and out secondary aim was to measure
change in FAOS scores. We undertook a retrospective chart review to
compare pre-ESWT FAOS and Pain VAS scores.

Patients/Materials and Methods

After obtaining approval from our institutional review board, we conducted a retro-
spective chart review of all patients whom underwent consecutive ESWT for the treat-
ment of PF from January 2013 to September 2018. The initial search identified 124
patients from the Foot and Ankle registry and treated by senior authors (J.G.K,, M.J.0.).
Sixteen patients were excluded due to failure to satisfy our inclusion criteria. To be
included, all patients had to satisfy the following criteria: Minimum age 18 years; Mini-
mum follow-up duration 3 months; Clinical diagnosis of PF; Minimum duration of symp-
toms 3 months; No recent history of invasive treatments (Cutoff 3 months) such as
corticosteroid injections, PRP injections or prolotherapy; No history of surgical plantar
fascia release. All patients had undergone an initial period of conservative management
of at least 3 months before receiving ESWT. This included one or more of the following
modalities: physical therapy and stretching, night splints, orthotics, and non-steroidal
anti-inflammatory drugs. The diagnosis of PF was made by 2 fellowship trained foot and
ankle surgeons with more than 20 years of experience.

Treatment Protocol

The unfocused shock waves were generated electrohydraulically with the OrthoGold
100™ shock wave device (MTS, Konstanz, Germany) (Fig. 1). The yellow applicator OP 155
delivering an unfocused shock wave was utilized (TRT, Woodstock, GA). Patients were ini-
tially given approximately 500 introductory impulses (starting at 0.06 and gradually
increasing to 0.1) during which the energy flux density (EFD) was gradually increased to
reach a comfortable and moderate intensity between 0.12 and 0.17 mJ/mm?. We consid-
ered it a successful treatment if they were able to get 2000 impulses at a level of 0.1 mJ/
mm? or higher. After reaching the desired EFD patients received 2000 impulses per session,
which was repeated on a weekly basis for 3 weeks. The applicator was placed over the point
of maximal tenderness (Fig. 2). Local or regional anesthesia was not utilized.

The primary outcome was the amount of change in heel pain at final follow-up rela-
tive to preprocedure. This was measured on the 0-10 VAS of pain. Patient satisfaction
with the procedure was also recorded. Patients were either satisfied with the procedure
or not satisfied. Secondary outcome measures included the FAOS both preprocedure and
at final follow-up.

Statistical analysis was performed by the SPSS software version 25 (SPSS Inc., Chicago,
IL). The Paired-Samples ¢ test was utilized to analyze the amount of change between pre
and post-ESWT FAOS and pain VAS scores. The data was analyzed for normality of distri-
bution by the Shapiro-Wilk test. Data that failed the normality of distribution test was
further analyzed for statistically significant change by the Wilcoxon Signed-Rank test. For
further analysis the patients were divided into 3 age groups (under 39 years; 40-59 years;
60 years and above). The amount of change in FAOS and Pain VAS scores between the age
groups was analyzed for statistically significant differences using the One-Way ANOVA
test. The Levene test was utilized to test for homogeneity of variance. Data sets that were
not normally distributed were further analyzed with the Kruskal-Wallis H test. Indepen-
dent-Samples t test was used to assess the difference between males and females regard-
ing the amount of change between pre- and post-ESWT FAOS and Pain VAS scores.
Significant difference was defined as p < .05. All data is presented in mean + standard
deviation, unless otherwise stated.

Results

Patient demographics, pre- and post-ESWT FAOS, VAS pain scores
and patient satisfaction were collected from the charts of 108 patients
(119 heels) who met our beforementioned inclusion criteria (Table 1).
Of the 108 patients, 51 (47%) had right-sided heel pain, 46 (43%) had
left-sided heel pain and 11 (10%) had bilateral heel pain. Mean age was
51.7 + 16.5 (Range 21-83) years, males represented 43% (46/108) of the
cohort and mean follow-up duration was 11.5 + 9.7 (Range 3-51)
months. Radiographs of the lateral foot were obtained for all patients
and a spur was present in 32 (29.6%) patients. In the 53 patients that
had an MR, calcaneal edema was present in 28 (52.8%) patients and the
PF thickness was >4 mm in 22 (41.5%) patients (Fig. 3).

The mean pre-ESWT pain VAS improved from 6.7 + 1.7 to 2.6 & 2.7
(p <.001) at final follow-up (Table 2). All five domains of the FAOS score
improved significantly at final follow-up relative to pretreatment levels.
The FAOS Symptoms, Pain, Function of Daily Living, Function of Sports
and Recreational activities and Quality of Life domains improved from
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Fig. 1. OrthoGold 100™ shock wave device.

53.7 £ 149 to 75.7 + 16.7 (p < .001), from 38 + 15.2 to 71.8 £ 23 (p <
.001), from 55.8 £ 16.4to 71.4 + 18 (p <.001), from 42.4 & 21.5 t0 59.4
+ 20.3 (p <.001) and from 44.9 + 16.4 to 69 + 23.9 ( p< .001), respec-
tively (Table 2). Eighty-eight (81.5%) patients were satisfied with the
procedure at final follow-up. The 20 patients who did not achieve pain
relief following ESWT underwent a trial of local PRP injection. Six
patients failed PRP and ended up with minimally invasive plantar fascia
release surgery.

Patients were divided into 3 age groups to further investigate any
associations between age and pain and functional outcomes. Twenty-
six patients fell into the 18 to 39 years old age bracket, 41 were
between 40 and 59 years, and the remaining 41 patients were 60 years

and older. No associations were observed between patient age and pain
scores, FAOS scores or satisfaction.

Discussion

The PF plays a major role in maintaining the arch of the foot and is
subject to tensile stress with weight bearing and locomotion (7). The
proximal portion that attaches to the calcaneus is composed of long
fibers of fibrocartilaginous tissue that has been described as vascular,
innervated, and metabolically active (7). The pathogenesis of PF is not
well understood. One common theory is that repetitive microtrauma to
the insertion point triggers inflammation, leading to degenerative

Fig. 2. Clinical picture of patient receiving treatment with OrthoGold 100™ shock wave device at point of maximal tenderness.
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Table 1 Table 2
A statistical description of the cohort (N =119 heels in 108 patients) Primary and secondary outcome results (N =119 heels in 108 patients)
Variable Value Variable Pre-ESWT Post-ESWT p Value
Number of patients (heels) 108 (119) Pain VAS 6.7 +1.7 26+27 <.001
Age (years) 51.7 £ 16.5 (Range 21-83) FAOS
Gender Symptoms 53.7 £ 149 75.7 £16.7 <.001
Male 46 (43) Pain 38+15.2 71.8 +£23 <.001
Female 62 (57) FDL 55.8 +16.4 714+18 <.001
Laterality FSR 424 +21.5 59.4 +20.3 <.001
Right 51(47) QoL 449 +164 69 +23.9 <.001
Il;ialf;teral ;l? E?g; Abbreviations: FDL, function of daily living; FSR, function of sports and recreational activi-
. ties; QOL, quality of life.

Follow-up duration (months) 11.5 £ 9.7 (Range 3-51) D .

. . . ata presented as mean =+ standard deviation.
Patient satisfaction 88 (81.5)

Data presented as N (%), unless otherwise stated.

changes (8). Examination of pathologic PF tissue has shown disorga-
nized and degenerating collagen fibers, angiofibroblastic hyperplasia,
calcification, microtears, and matrix calcification (12,44).

The effects of shock waves in humans were first investigated in the
1960s, and was first used to treat kidney and gallbladder stones in the
1970s, as the shock waves carry sufficient energy to break up the calculi
(45,46). Extracorporeal shock wave lithotripsy has remained a first-line
treatment option for nephrolithiasis and ureterolithiasis since the
1980s (47). The use of shock wave therapy was first introduced in the
field of orthopedics in 1991 for healing pseudarthroses, and its use in
orthopedics has continued to expand (22,48).

The results from the present study demonstrate a 61% reduction in
pain intensity on the VAS pain scale and a greater than 80% satisfaction
rate with the procedure at final follow-up (Tables 1 and 2). Furthermore,
all 5 domains of the FAOS demonstrated statistically significant improve-
ments at final follow-up compared to pre-ESWT scores (Table 2). Our
results are in agreement with previous studies in the literature support-
ing the effectiveness of ESWT for the treatment of PF (29-31,49). An ele-
gant prospective, multicenter, double-blind, randomized, and placebo-
controlled US Food and Drug Administration trial published by Gollwitzer
et al. reports similar results from 250 patients (49). The authors gener-
ated focused shock waves electromagnetically with the DUOLITH® SD1
shock wave device (Storz Medical). The study group received 3 weekly
sessions of 2000 focused pulses with an EFD of 0.25 mJ/mm?. Pain in the
study group receiving ESWT was decreased by a mean of 54.5% at the 12
weeks timepoint following the last ESWT session which was significantly
different than the placebo group. Similar to our treatment algorithm,
patients in this study received a minimum of 2000 shocks weekly for 3

-
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weeks with a high EFD. Unlike our study, the device utilized generates
focused shock waves electromagnetically.

Purcell et al reported similar results in their study on both active and
nonactive duty personnel (31). Pain decreased by a mean of 68% on the
VAS pain scale at a mean follow-up duration of 42 £ 22 months. Similar
to our study, they administered 2000 high energy shock waves to their
patients. Unlike our study, however, almost all of their patients
received only one session of ESWT. The authors do not mention the
type or name of device used to deliver ESWT.

Lai et al compared ESWT to corticosteroid injection (CSI) in a ran-
domized controlled trial on 97 patients at 12 weeks follow-up (30). The
authors used the electrohydraulic Orthospect™ device (Medispec, Gai-
thersburg, MD). The study group received 1500 pulses per session for 2
sessions 2 weeks apart with an EFD of 0.29 mJ/mm?. At final follow-up,
both ESWT and CSI groups showed significant reduction on the pain
scale, from 6.23 & 1.11 to 1.34 + 1.24 and from 6.24 & 1.1 to 2.98 +
0.84, respectively. However, the amount of pain reduction in the ESWT
group at final follow-up was significantly higher than the CSI group.
Similar to our study, the ESWT treatment group received high energy
shock waves, however, it was slightly less in total number of shocks
delivered than our study.

In contrast to the above reported outcomes, Porter and Shadbolt
compared ESWT to CSI and a placebo group in 144 patients in a prospec-
tive, randomized study over a period of 12 months (50). The authors
state they used an electrohydraulic device. Patients received 1000 pulses
weekly at an EFD of 0.08 mJ/mm? for 3 weeks. At 3 months follow-up,
mean CSI pain scores were significantly better than ESWT, 1.48 (range
0-7) and 3.69 (range 0-8), respectively. However, at the 12 months fol-
low-up time point, both CSI and ESWT had similar pain scores, 0.84
(range 0-7) and 0.84 (0-4), respectively. The inferior results of ESWT at

|

Fig. 3. A.Sagittal T1-weighted MRI demonstrating a normal black signal from plantar fascia. B. Sagittal fat-suppressed T2-weighted MRI of typical patient with plantar fasciitis, 3 months
after onset of heel pain demonstrating marked thickening and high signal at origins of plantar fascia.



A. Fansa et al. / The Journal of Foot & Ankle Surgery 60 (2021) 471—476 475

the 3 months timepoint could be attributed to low quantity and low-
intensity shock waves (0.08 mJ/mm? for 1000 pulses only per session).

Cinar, Saxena, and Uygur compared ESWT to low-level laser therapy
and a placebo control group in 63 patients with a follow-up duration of
3 months (51). The investigators used a radial pulse generator (EMS
Swiss Dolor Clast) to deliver 2000 shocks weekly for 3 weeks at an EFD
of 0.02 mJ/mm?. The authors report statistically significantly lower pain
scores for the low-level laser therapy group versus the ESWT group at
both the 3 weeks and 3 months timepoints. We believe the inferior
results reported in this study, compared to what the current study
reports, may be due to the use of a radial pulse generator, rather than a
true ESWT. Additionally, the EFD was far lower than reported in the
current study and previous studies that demonstrated success in pain
reduction using ESWT.

It is critical to understand the heterogeneity in devices used for
ESWT between various studies in order to make meaningful compari-
sons and create future treatment paradigms. Electrohydraulic devices
generate pressure pulses that enjoy the beforementioned shock wave
characteristics at the spark source and therefore can generate both
focused and unfocused shock waves (52,53). On the other hand, both
piezoelectric and electromagnetic devices only produce shock waves at
the focal area, and therefore require wave focusing to generate true
shock waves (52). Therefore, piezoelectric and electromagnetic depen-
dent devices cannot produce true shock waves at low-amplitudes
(34,54). However, electrohydraulic dependent devices are capable of
generating true shock waves at low-, mid- and high-amplitude settings
making them more reliable in that regards (34,54). This is an important
point since the device and applicator utilized in our current study deliv-
ers an unfocused shock wave. Due to its capacity to produce true shock
waves at lower amplitudes without focusing, treatment delivery with
this applicator covers a wider area and tends to be less painful (53,55).

Ballistic devices, also referred to as Radial Shock Wave devices,
while often incorrectly referred to as shock wave devices, do not gener-
ate shock waves according to the laws of physics but rather generate an
acoustic pressure wave (34,35,56). The rise time of the generated
impulses to reach peak pressures is too long (approximately 90 times
longer) for the generated wave to be considered a shock wave. There-
fore, ballistic devices are more appropriately named Radial Wave gen-
erating devices (56).

The present study has several limitations. As a retrospective study,
we are unable to demonstrate the superiority of our treatment modality
over another. In addition, as the study is retrospective in nature, it is
subject to bias. Our study is also limited, as we did not include known
risk factors for PF, including body mass index.

In conclusion, the results of our present study demonstrate the effi-
cacy of unfocused shock waves for the treatment of PF in a mixed
patient population presenting to an orthopedic clinic. Shock waves
have shown to be effective in a variety of orthopedic conditions, but the
variability in wave forms and treatment regimens have made it difficult
to make meaningful conclusions. Unfocused shock waves delivered
with an intensity of 0.10 to 0.17 mJ/mm? were well tolerated by
patients and led to significant pain reduction, functional improvement
and patient satisfaction. We propose that future studies report in more
detail the type and brand of device utilized to deliver ESWT in order to
better assess any discrepancies that might be related to type of shock
wave generated. Future prospective randomized controlled studies
assessing the efficacy of unfocused medium-intensity true shock waves
for the treatment of PF are warranted.
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