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ABSTRACT

BACKGROUND The effectiveness of extracorporeal shockwave therapy (ESWT) in
handling pain and calcaneal spurs is still controversial, whereas research on the
effectiveness of ESWT in the reactive ossification process of calcaneal spurs, involving
osteoprotegerin (OPG) and the receptor activator of nuclear factor-kappa B (RANK),
does not exist. This study was aimed to assess the effect of ESWT on pain, the length of
the spur, plasma OPG and RANK level on the calcaneal spur.

METHODS This study was a randomized controlled trial in patients with calcaneal spurs.
ESWT was administered at the pain point by applying 2,000 shocks, at an intensity of 2
bars, given six times with a 7-10-day interval. The visual analog scale (VAS) data, plasma
OPG and RANK level were analyzed using Mann-Whitney U test, whereas spur size was
analyzed using chi-square test.

RESULTS One month after therapy at rest (p < 0.001) and when walking after getting
up (p = 0.020), the VAS was lower than that in the control group. The plasma OPG level
was lower than control group shortly after therapy (p < 0.001). The plasma RANK level
was higher than control group shortly after therapy (p < 0.001). ESWT did not affect the
reduction of spur measurement (p = 0.382).

CONCLUSIONS ESWT reduced pain, decreased plasma OPG level, and increased plasma
RANK level. Although ESWT did not have any effect on spur reduction, it affected plasma
OPG and RANK level that play a role in the activity of osteoblasts and osteoclasts.

KEYWORDS calcaneal spur, extracorporeal shockwave therapy

Heel spurs were first reported in 1900 by
Plettner, a German doctor, who gave them the term
Kalkaneussporn (calcaneal spurs).”* A spur is an extra
bone. It is formed at the attachment site of ligaments
or tendons to bone, which grows in the direction
of the pull of the ligaments or tendons.>® Spur
prevalence in the UK population is 38%,° whereas in
the Indian population the incidence of calcaneal spurs
was 26.5% of the 200 calcanei studied.? According

to Cailliet,> recurrent traction of the insertion of
the fascia plantaris on the calcaneus leads to the
process of inflammation and reactive ossification. The
pathological process involves the production of small
tears produced from the stretching of the plantar
tendon fibers on the periosteum that are attached
to the heel resulting in subperiosteal inflammation.
At the same time, the damage is replaced by fibrous
tissue and calcium deposits forming a spur.’ Rogers
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et al* suggest that the formation of this bone is a
response of the musculoskeletal system to stress and
injury according to Wolff’s law of bone remodeling.

Bone remodeling involves the synthesis of
bone matrix by osteoblast cells and its resorption
by osteoclast cells.”® An imbalance between
osteoblasts and osteoclasts has immunopathological
implications associated with decreased and increased
bone mineral density. The balance between three
molecular factors composed of osteoprotegerin
(OPG), receptor activator of nuclear factor-kappa
B ligand (RANKL), and RANK, maintains physiologic
bone remodeling.®

Some options of conservative therapy, such as
modality therapy, are aimed at reducing pain, but not
reducing spurs.>®" Usually, to reduce or eliminate
a spur, surgery is performed.” Alternative therapy
to reduce pain and spurs, namely extracorporeal
shockwave therapy (ESWT), is now available.™

The effectiveness of ESWT in the treatment of
heel pain and calcaneal spurs is controversial, whereas
research on the effectiveness of ESWT in the reactive
ossification process of calcaneal spurs involving the
OPG and RANK is still not available. This study was
aimed to assess the effect of ESWT on pain, the length
of the spur, plasma OPG, and the levels of RANK on
calcaneal spurs.
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METHODS

This study used the experimental randomized
controlled trial method in patients with calcaneal spurs
at the Medical Rehabilitation Installation, Dr. Moewardji
Hospital, Surakarta, Indonesia. This study was
approved by the Health Research Ethics Committee,
Faculty of Medicine, Universitas Sebelas Maret (No:
119/Il/HERC/2017), and written informed consent was
obtained from every patient.

Study population

The subjects of the study were patients who were
clinically and radiologically diagnosed with calcaneal
spurs and met the study criteria. The inclusion criteria
were patients with heel pain, adults (age 220 years old),
foot x-rays showing images of spurs, a 1-week modality-
free therapy period (before visual analog scale [VAS]
measurement), an analgesic-free period for 48 hours
(before VAS measurement), and were cooperative and
willing to participate in this research program by signing
the consent form. Participants with an active infection
in the treated area, an open wound on the treated area,
a fracture in the treated area, a history of malignancy,
pregnancy, and an impaired sensory ability in the
treated area were excluded. Drop out criteria were not
adhering to the therapy schedule at least once, having

Enrollment Assessed for eligibility (n = 60)

Excluded (n =0)

Randomized (n = 60)

Allocation
Experimental group (n = 30) Control group (n =30)
Follow-up
1 month follow-up (n = 30) | 1 month follow-up (n =30)
Analysis
. o Analyzed (n = 30) | | Analyzed (n = 30)
Figure 1. Flowchart of study participants
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other diseases that contraindicate therapy during their
treatment, and having complications that might arise
due to the therapy. The subjects were allocated into two
groups: 1) the treatment group receiving ultrasound
diathermy (USD) and ESWT, and 2) the control group
receiving USD alone (Figure 1). All groups received
acetaminophen 500 mg three times daily starting on
the first day of treatment and continuing for 5 days (15
tablets).

Interventions

Extracorporeal shockwave therapy (ESWT) procedure
In this study, 2,000 shocks were given at the point

of pain using a BTL-6000 SWT (BTL Industries Ltd,

Bulgaria) with the SWT radial technique, at an intensity

of 2 bars, six times with intervals of 7-10 days between

sessions.

Ultrasound diathermy (USD) procedure

USD is sound wave therapy given at the point of
pain using an Sonopuls 490 (Enraf-Nonius, Netherlands)
had a non-thermal effect, in continuous mode, at a
frequency of 0.1 W/cm?, for 10 min, and performed six
times with intervals of 3-5 days.

Outcomes
Pain level

Pain level was measured by a visual analog scale
(VAS). VAS scores range from 0 = no pain to 10 =
maximal pain. VAS scores were measured with VAS
graphical sheet™ by researcher at rest, while walking
after getting up, and after activity. VAS measurements
were performed before, shortly after the six session,
and one month after therapy.

Spur length

According to the length of radiological features,
spurs were grouped into spur reduction <1 mm and
>1 mm. Radiological features are taken with the heel
in the lateral position. Foot x-ray and radiological
measurements by radiologist using tools in the
software (X-ray Toshiba KXO-32S, CR-1824) were
performed before the first therapy, and one month
after the last therapy.

Osteoprotegerin (OPG) and receptor activator of
nuclear factor-kappa B (RANK) plasma level

OPG and RANK plasma level was measured with an
enzyme-linked immunosorbent assay (ELISA), in duplo.

mji.ui.ac.id

The blood was taken from the cubital vein before
therapy and shortly after therapy, and measurement
with OPG Human ELISA Kit (Thermo Fisher Scientific™,
Maryland) and RANK Human ELISA Kit (Thermo Fisher
Scientific™, Maryland).

Sample size

The OpenEpi program (http://www.openepi.com)
was used to identify a suitable size for the intervention.
The input parameters were 7% of unexposed with
outcomes; 40% of exposed with outcomes; an a-error
of 0.05; and with a power of 80%. The percentages
of unexposed with outcomes and exposed with
outcomes were calculated by a previous study.” The
results showed that the treatment group and the
control group required 25 patients each. Hence, a total
of 60 patients were enrolled, allowing for possible
dropouts.

Statistical analysis

VAS data, OPG, and RANK plasma level were
analyzed using the Mann-Whitney U test, whereas
spur measurements were analyzed using the chi-
square test. A p < 0.05 was considered statistically
significant.

RESULTS

General characteristics of study participants
are presented in Table 1. Different VAS scores were
obtained from measurements after one month of
therapy at rest in the treatment group (median =
1), and in the control group (median = 3) (p < 0.001)
(Figure 2a); and when walking after getting up in the
treatment group (median 4), and in the control group
(median=4.5)(p =0.020) (Figure 2b). There was similar
VAS score between the control and treatment group
prior before and after therapy at rest, when walking
after getting up, and after an activity (Figure 2¢).

ESWT could not reduce spur length (>1 mm).
The plasma level of OPG shortly after therapy was
lower in the treatment group than the control group
(p < 0.001). Similarly, the average difference in the
plasma level of OPG was lower in the treatment
group than the control group (p = 0.007). Besides,
the differencein the plasmalevel of RANK was higher
in the treatment group than the control group (p <
0.001). Furthermore, the average difference in the
plasma level of RANK in the treatment group was
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Table 1. Characteristics of the subjects in the study and spur measurement reduction on the radiological image, OPG, and RANK
plasma level differences between the treatment and control group

Variables Control, n (%) (N = 30) Treatment, n (%) (N = 30) p
Male sex 3 (10) 3(10)
Occupancy
Active 21 (70) 19 (63)
Housewife 5(17) 6 (20)
Retired 4 (13) 5(17)
Calcaneus
Left 16 (53) 11 (37)
Right 14 (47) 19 (63)
Age (years), mean (SD) 50.87 (10.19) 48.77 (9.92)
Weight (kg), mean (SD) 63.1 (8.88) 66.1(12.28)
Height (cm), mean (SD) 155.33 (5.35) 156.33 (6.04)
Spur reduction
<lmm 24 20 0.243%*
21 mm 6 10
OPG (pg/ml), median (min—max)
Before therapy 171.84 (84.67-340.56) 162.93 (60.86-281.77) 0.198°
Shortly after therapy 216.47 (112.45-425.01) 153.43 (99.25-309.71) <0.001
A 35.64 (-149.79-202.17) -7.95 (-89.86—68.07) 0.007"
RANK (ng/ml), median (min—max)
Before therapy 0.57 (0.21-7.46) 0.56 (0.35-1.41) 0.734*
Shortly after therapy 0.4 (0.23-7.22) 0.58 (0.40-2.49) <0.001"
A -0.18 (-0.55-2.49) 0.03 (-0.65-1.08) 0.032'

OPG=osteoprotegerin; RANK=receptor activator of nuclear factor-kappa B; SD=standard deviation

*Chi-square test; 'fMann-Whitney U test

higher than the control group (p = 0.032) (Table 1).

DISCUSSION

The effect of ESWT in pain measured with VAS
was found one month after treatment in every
condition (at rest, when walking after getting up,
and after an activity). Several studies described the
effect of ESWT on pain level."359 Cosentino et al®
reported giving ESWT therapy six times, once a week,
with 1,200 shocks at a frequency of 120 shocks/sec,
and at various energy densities from 0.03 to 0.4 mJ/
mm?, resulted in significant pain reduction at the end
of therapy, one month, and three months later at
rest, while walking after getting up, and after daily
activities. Gollwitzer et al® reported that giving 250
patients ESWT at a frequency of 0.25 mJ/mm?, with
2,000 shocks, for three sessions with weekly intervals
proved ESWT effectiveness in handling heel pain. The
results showed a significant reduction of pain in the

ESWT group (69.2%) compared with the control group
(34.5%) in 12 weeks after the last therapy session. In
contrast, Buchbinder et al' reported that ESWT 1,000
mJ/mm? given once a week within three weeks, did not
provide any evidence to support the benefits of ESWT
regarding pain, function, and quality of life in patients
with heel pain. In this study, the effect of ESWT in
the VAS were measured 1 month following treatment
at rest and while walking after getting up in the
treatment and control groups was likely because the
effect of ESWT could be seen in a long-term. Biological
reactions and recovery effect of ESWT could not occur
immediately; and improvements are obtained in the
medium- or long-term.

In this study, there was no significant ESWT
effect on spur reduction. In contrast, Cosentino et al
reported that giving ESWT therapy six times, once per
week, by applying 1200 shocks at a frequency of 120
shocks/sec, and at various energy densities from 0.03
to 0.4 mJ/mm?, resulted in significant spur reduction
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Figure 2. Differences in the visual analog scale (VAS) between
the control group and the treatment group before therapy,
shortly after therapy, and one month after therapy. (a)
Median VAS (min-max) at rest. (b) Median VAS (min-max)
when walking after getting up. (c) Median VAS (min-max)
after an activity. p-values were calculated between treatment
and control group using Mann-Whitney U test. *significant if
p < 0.05

of the radiological features measured 1 month after
therapy in the treatment group.

In the study, there was a reduction in spurs 21
mm in 10 subjects compared with the control group
in which there was a reduction of spurs >1 mm in
6 subjects. This result is more likely because of the
ESWT effect on the focus of therapy that led to
fragmentation and cavitation and resulted in the
disorganization and disintegration of deposits,* and
the mechanism of calcification material loss in ESWT is
caused by improved metabolism because of increased
blood circulation and vascularization,® whereas the

mji.ui.ac.id

treatment and control groups received USD therapy,
which also has a cavitation effect and improved
metabolism.?

In this study, plasma OPG level was lower than
control group and reduced shortly after therapy. It
means there was a decrease of osteoblasts formation
after therapy. Plasma RANK level was higher than in
the control group and increased shortly after therapy.
It means there was an increase of osteoclast formation
after therapy. An imbalance between osteoblasts
and osteoclasts has immunopathological implications
associated with decreased and increased bone mineral
density. The balance between three molecular factors
consisting of OPG, RANKL, and RANK maintains
physiologic bone remodeling.? The plasma level of OPG
decreased in the treatment group, and the plasma
level of RANK increased in the treatment group before
therapy and shortly after therapy. The imbalance
between OPG and RANK was probably related to the
size of spurs regarding radiological features. Although
in this study, ESWT did not have any effect on the
reduction of spurs on radiological images, it influenced
plasma OPG and the levels of RANK that play a role in
osteoblast and osteoclast activity.

Several studies have described the effects of
ESWT on OPG,»** but there were no study on the
effects of ESWT on RANK. Huang et al* reported that
ESWT has beneficial effects on osteoporotic fracture
healing in rats. It may promote the expression of OPG
and bone morphogenetic protein-2 (BMP-2) in the
osteoporotic fracture area in rats. BMP-2 and OPG may
act synergistically and lead to significantly enhanced
bone formation and remodeling. Hence, there were no
study on the effectiveness of ESWT in the process of
reactive ossification on calcaneal spurs involving OPG
and RANK.

This study has several limitations. First, it only
measured the VAS before therapy, shortly after
therapy, and one month after therapy because of other
uncontrollable factors that affect the VAS in long-term
follow-up, such as patient compliance and medication
use, or other therapy modalities (especially in the
control group), whereas the effect of ESWT occurs in
the medium or long term.* Second, in this study, the
treatment and control groups received USD therapy,
which also has a cavitation effect,” whereas ESWT
effect mechanisms on calcification seems probable
because of the increased pressure on focus areas of
therapy, which leads to fragmentation and cavitation,



resulting in the disorganization and disintegration
of deposits.? Therefore, the effect of USD cavitation
might affect the results of this study.

In this study, ESWT reduced pain (VAS). It did not
have any effect on spur reduction, but it decreased
plasma levels of OPG, and increased plasma levels of
RANK. This suggests that ESWT may still have potential
effect in spur reduction because OPG and RANK play
important roles in osteoblast and osteoclast activity.
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