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EFFECTS OF LOCAL VIBRATION COMBINED WITH EXTRACORPOREAL SHOCK
WAVE THERAPY IN PLANTAR FASCIITIS: A RANDOMIZED CONTROLLED TRIAL
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From the Department of Physical Therapy, The Graduate School of Sahmyook University, Seoul, Republic of Korea.

Objective: To compare the effects of local vibration
combined with extracorporeal shock wave therapy
and extracorporeal shock wave therapy alone for
plantar fasciitis.

Methods: A randomized controlled trial including 34
participants with a mean age of 37.5 years. Partici-
pants were randomly allocated to a group treated
with extracorporeal shock wave therapy combined
with local vibration (ESWT-LV group) or a group
treated with extracorporeal shock wave therapy
alone (ESWT-alone group). All participants in each
group underwent 2 treatment sessions weekly for 5
weeks. Thickness of the plantar fascia, plantar pain,
and foot function were measured using ultrasono-
graphy, numerical rating scale for pain, and Foot
Function Index, respectively, at baseline and at the
end of the 5-week intervention.

Results: Significant improvements were measu-
red in both groups in the thickness of the plantar
fascia, numerical rating scale, and Foot Function
Index values (p<0.05). In addition, the thickness
of the plantar fascia and pain was significantly
more decreased in the ESWT-LV group than in the
ESWT-alone group (p<0.05). However, the dif-
ferences between groups in Foot Function Index
values were not significant (p > 0.05).

Conclusion: Local vibration combined with extra-
corporeal shock wave therapy is an effective treat-
ment for chronic plantar fasciitis.
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lantar fasciitis is the commonest heel pain disor-

der, affecting >2 million Americans annually (1).
Clinical symptoms of plantar fasciitis include foot
pain, specifically in the heel. Pain is usually worse
when taking the first step in the morning, than in the
afternoon, and worsens with inactivity, prolonged
standing, and weight-bearing activities (2).

Some matched case-control studies have reported
that a decrease in the range of ankle dorsiflexion,
prolonged weight bearing, and a body mass index (BMI)
>30 kg/m? are risk factors for plantar fasciitis (2). Plan-
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The aim of this study was to determine the efficacy
of local vibration combined with extracorporeal shock
wave therapy compared with extracorporeal shock
wave therapy alone for treatment of plantar fascii-
tis. The study included 34 participants with a mean
age of 37.5 years. The thickness of the plantar fas-
cia, plantar pain, and foot function were measured
using ultrasonography, a numerical rating scale, and
Foot Function Index respectively, at the beginning
and end of a 5-week intervention. The participants
were randomly divided into 2 groups: 1 received ex-
tracorporeal shock wave therapy and local vibration
treatment (ESWT-LV group), while the other received
extracorporeal shock wave therapy alone (ESWT-alone
group). Both groups underwent 2 treatment sessions
weekly for 5 weeks. The results showed significant
improvements in the thickness of the plantar fascia,
pain level, and foot function in both groups. Howe-
ver, the thickness of the plantar fascia and pain were
significantly more decreased in the ESWT-LV group
compared with ESWT alone, while the improvement
in Foot Function Index values did not differ signifi-
cantly between groups. In conclusion, local vibration
combined with extracorporeal shock wave therapy is
an effective treatment for chronic plantar fasciitis.

tar fasciitis is mostly treated conservatively because pe-
ople want to return to work and daily activities as soon
as possible (3). Treatment includes the administration
of non-steroidal anti-inflammatory drugs, Achilles ten-
don stretching, night splint therapy, steroid injections,
and extracorporeal shock wave therapy (ESWT) (4).
ESWT is widely used among these conservative
treatment options in clinical settings, especially for
patients with chronic plantar fasciitis. A 2017 meta-
analysis of 9 randomized controlled trials with placebo
treatment as the comparator concluded that focused
application of ESWT should be recommended after
the failure of conventional conservative therapy (5).
According to Weil et al., the mechanism of pain relief
is attributed to the release of enzymes, specifically
targeting the nociceptors (6). Some researchers have
likened an analogy of creating microtrauma to the
tissues with an effect similar to tenderizing meat (7).
Furthermore, during ESWT, the external stimulation
increases the angiogenic factors, endothelial nitric
oxide synthase, and the vessel endothelial growth factor,
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which increases the blood supply and induces neovas-
cularization and tissue proliferation to hasten healing
of the degenerative tissues in plantar fasciitis (8).
Similarly, vibration is known to increase blood flow
(9). Some studies have reported that vibration treatment
has acute effects that promote oxygen consumption and
blood flow in the skin (10). According to some studies,
vibration treatment is also an effective way to alleviate
pain (11, 12). Patients and athletes commonly use local
vibration (LV) for recovery because it reduces pain,
delayed onset of muscular soreness, and fatigue. (13).
Vibration treatment can be considered an adjunct to
ESWT, since the vibration may augment ESWT due to
its potential in decreasing pain and increasing blood
flow, which can be further amplified in combination
with ESWT. To the best of our knowledge, there have
been only 3 studies on plantar fasciitis treatment using
aLV device (14, 15). However, 2 of these were sponso-
red by a company and focused on their own wearable
vibration devices. An earlier study examined the use of
LV for plantar fascia as a specialized treatment used as
an adjunct for stretching of the triceps surae muscles.
The aim of the current study was to investigate the
effects of LV combined with ESWT for treatment of
plantar fasciitis, compared with ESWT alone.

METHODS

Subjects

The sample size was estimated using version 3.1.9.2
of the G*Power program (Heinrich-Heine-Universitét
Diisseldorf, Diisseldorf, Germany). According to a
previous study on the efficacy of ESWT for plantar
fasciitis (16), the effect size of plantar thickness was
calculated to be 0.88. Therefore, the effect size of this
study was also set at 0.88. The alpha level was set at
0.05, and the statistical power at 0.80. Thus, it was
determined that at least 17 patients were required in
each group. The physical therapist recruited patients
with plantar fasciitis for the study. The inclusion cri-
teria were: (i) patients aged between 20 and 60 years,
(ii) had symptoms for at least 16 weeks before being
diagnosed with plantar fasciitis by a medical doctor
at a pain clinic (Seoul, South Korea), (iif) remained
symptomatic after at least 3 months of conservative
treatment, and (iv) had adequate educational back-
ground to understand the assessments and interven-
tions. A total of 34 participants (17 men, 17 women),
between the ages of 20 and 60 years volunteered for the
study at the pain clinic. Prior to initiation of the study,
each patient was randomly assigned using computer
software (Excel 2010; Microsoft, Redmond, USA)
to either the ESWT-LV or ESWT alone group. The
exclusion criteria were: (i) refusal of ESWT and routine
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physical therapy, (i) history of plantar fascia surgery,
(iii) use of anti-inflammatory analgesic during the
study, and (iv) had received manual or LV therapy on
the foot and calf.

The study was approved by Sahmyook Univer-
sity Institutional Review Board (2-1040781-A-N-
012020120HR). The aims and study procedures were
explained to the participants before the commence-
ment of the study. All participants provided written
consent, in line with the principles of the Declaration
of Helsinki. This study was registered at the Clinical
Research Information Service (CRIS) (KCT0008634).

Experimental procedure

The thickness of the affected side of the plantar fascia,
pain, and foot function were determined. Plantar fascia
thickness was assessed using ultrasonography, while
the pain was assessed using a numerical rating scale
(NRS). Foot function was determined using the Foot
Function Index (FFI). All assessments were conducted
blind by the same researcher at baseline (0 weeks)
and 1 week after (6 weeks) completing the 5-week
interventions.

After the pre-experimental data were collected, the
ESWT-LV and ESWT-alone groups received ESWT
twice weekly for 5 weeks. At each session, while in
the recommended prone position, 2,000 pulses with
an air pressure of 3 bar were applied for 4 min (equal
to a positive energy flux density of 0.12 mJ/mm?) on
the point of maximal tenderness in the region of the
median calcaneal tubercle. For the ESWT-LV group
participants, after they had received ESWT, they addi-
tionally underwent LV therapy. At each session, while
in the prone position, 30 Hz of LV was applied to the
same area for 3 min (Fig. 1).

Intervention

Extracorporeal shock wave therapy (ESWT). After
applying the specific ultrasound coupling gel, a radial
ESWT gun (OPTIMUS-Pro, REMED Co., Seongnam,
Korea) was positioned on the point of maximal ten-
derness in the region of the medial calcaneal tubercle,
as determined by the participants. During ESWT, the
participants were positioned comfortably on a bed in
the prone position with their feet hanging freely over
the edge. Based on a previous study by Rompe et al.
(17), at each session, 2,000 pulses with an air pressure
of 3 bar were applied (equivalent to a positive energy
flux density of 0.12 mJ/mm?). Therefore, the total po-
sitive energy flux density per treatment was 320 mJ/
mm?. The treatment frequency was 9 pulses per second,
and no local anaesthesia was administered.

Local vibration (LV). As for the LV treatment, a
vibratory device (Massage gun, Liwell, Korea) was

J Rehabil Med 55, 2023


https://medicaljournalssweden.se/index.php/jrm/index

JRM

JRM

JRM

| Assessed for eligibility (n= 40)

Enrollment
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10-MHz linear probe (SONON, Heal-
cerion, Seongnam, South Korea 2019),

> 1=2)

Excluded (n= 6)
« Did not meet the inclusion criteria

* Declined to participate (n=3)
« Other reason (n= 1)

according to the guidelines issued by the
European Society of Musculoskeletal
Radiology (20). Prior to the assessment,
participants’ heel pads were gently wi-

Randomized (n= 34)

!
l | Allocation | l

ped with alcohol swabs. Subsequently,
while the patients were in the prone
position, the plantar fascia was eva-
luated at full knee extension and at 90°
dorsiflexion of the ankle. For increased

Allocated to ESWT and local vibration
combined intervention (n= 17)

+ Twice per week, 4 minutes of ESWT and
3 minutes of local vibration each time

for 5 weeks

Allocated to ESWT intervention (n= 17)
* Twice per week, 4 minutes each time,

accuracy, the median calcaneal tubercle
was highlighted with a marker that is
harmless to humans. In addition, a suffi-
cient amount of gel was applied to mini-

mize the probe’s friction on the skin. Ac-

i Intervention l
N ——

| Discontinued intervention (n= 0)

Discontinued intervention (n= 0)

| cording to a 2005 study by Ozdemir et

al. (21) the thickness was measured at 10
mm distal to the calcaneal insertion of

| [ s }
T L

| Analyzed (n=17)

Analyzed (n=17) |

the plantar aponeurosis from the medial

Fig. 1. Study flow diagram. ESWT: extracorporeal shockwave therapy.

positioned on the point of maximal tenderness in the
median calcaneal tubercle region. Participants were
positioned comfortably on a bed in the prone position
with their feet hanging freely over the edge. Based on
a previous study (10, 18), a systematic review of 22
studies by Mahbub et al. (19), and the manufacturer’s
instructions, the speed 3 mode (frequencies <30 Hz,
1,100 rpm, and 12-mm amplitude) was activated for
3 min, which created a pulsing effect, and no local
anaesthesia was administered.

Outcome measures

Plantar fascia thickness. To measure plantar fascia
thickness, all participants underwent B-mode ultra-
sound imaging evaluation using a high-resolution

aspect on the sagittal plane. To ensure

the accuracy of the measurements, all

ultrasound examinations were perform-
ed by the same researcher. In addition, a beam, located
perpendicularly to the plantar fascia, was maintained
at all times to avoid artefactually reduced echogenicity
due to incident beam obliquity (22). Measurements
were repeated twice for each foot. The sonography of
the plantar fascia was saved directly into the application
(SONON, Healcerion) of the tablet PC and measured
with the measure function in the application. The mean
value was then recorded (Fig. 2).

Pain. Numerical rating scales (NRS) is the simplest
and most commonly used pain measurement scale.
NRS is an 11-point scale with integers ranging from
0 to 10 (0 representing “No pain” and 10 representing
“The worst imaginable pain”). The patient would then
select a single number that best characterized their pain
intensity (23).

Fig. 2. Ultrasonographic longitudinal
appearance (linear scanner) of the
plantar fascia thickness. Symptomatic
side (left) and asymptomatic side
(right). With the yellow horizontal line as
the baseline, the vertical line represents
the thickness of the plantar fascia.
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Foot function. Functional assessment was performed
using the Foot Function Index (FFI). This questionnaire
measures the impact of foot pathology on function
in terms of 3 categories: pain, disability, and activity
restriction. The pain category, consisting of 9 items,
was recorded using the VAS. The disability category,
which described the difficulty experienced by the pa-
tients, also consisted of 9 items. The activity restriction
category consisted of 5 items that focused on activity
restrictions experienced by patients with foot pain.
For the total score, the minimum score is 0% (no pain
or difficulty), and the maximum score is 100% (worst
pain and extreme difficulty requiring assistance). The
total FFI equals the mean score of the 3 subscale scores.
The subscale scores for pain, disability, and activity
restriction range from 0 to 100.

Statistical analysis

All statistical analyses were performed using the Sta-
tistical Package for the Social Sciences version 22.0
for Windows (version 22, IBM, New York, USA).
The normal distribution of samples was tested using
the Shapiro—Wilk test. Furthermore, the pre-and post-
plantar fascia thicknesses were calculated and asses-
sed using the paired #-test, and the numerical rating
scale and FFI values were calculated and assessed
using the Wilcoxon signed-rank test to determine
whether there was a significant difference between
the variable after each intervention. In addition, the
independent #-test and Mann—Whitney U test were
used to determine if there was a significant difference
between the ESWT-LV and ESWT alone groups for
the variables listed above. The significance level was
set at a p-value <0.05.

RESULTS

Comparison of thickness of plantar fascia

The ESWT-LV group decreased significantly from
6.13*£1.82 mm to 5.39+1.64 mm (p<0.05). The
ESWT-alone group showed a statistical significant
decrease from 5.44+1.54 mm to 4.97+1.43 mm
(p<0.05). In the intergroup comparison, the diffe-

Table I. Comparison of thickness of plantar fascia (mm) between
pre- and post-test (N=234)

ESWT-LV ESWT-alone t(p)
Pre-test, mean+SD 6.13+1.82 5.44+1.54 -1.185 (0.245)
Post-test, mean+SD  5.39 +1.64 4.97+1.43
Post-Pre, mean+SD  -0.74+0.30 -0.47+0.36  2.316 (0.027)
t(p) 10.182 (0.000) 5.409 (0.000)

SD: standard deviation; ESWT-LV: extracorporeal shockwave therapy and local
vibration combined group; ESWT-alone: extracorporeal shockwave therapy
alone group.

Effects of ESWT and local vibration on plantar fasciitis p. 4 of 7
rences in the values of plantar fascia thickness were
significantly greater in the ESWT-LV group than in the
ESWT-alone group (»<0.05) (Table I, Fig. 3).

Comparison of pain

The NRS results showed a statistically significant
decrease from 7.05+ 1.08 to 2.41 + 0.87 points in the
ESWT-LV group and from 6.94 +1.43 to 3.05+0.96
points in the ESWT-alone group (»<0.05). In the in-
tergroup comparison, the differences in the NRS were
significantly greater in the ESWT-LV group than in the
ESWT-alone group (»<0.05) (Table II, Fig. 4).

Comparison of foot function

The FFI results decreased significantly from
61.70£12.33t0 51.82 £ 12.86 points in the ESWT-LV
group and from 57.29 + 13.13 to 47.00 = 11.82 points
in the ESWT-alone group (»<0.05). In the intergroup
comparison, however, there was no significant diffe-
rence between the groups (p=0.73) (Table 11, Fig. 5).

DISCUSSION

The aim of this study was to investigate the effects of
LV combined with ESWT on plantar fascia thickness,
pain, and foot function in patients with plantar fasciitis.
ESWT results in neovascularization and is associated
with increased tissue growth factors within locally
injured structures (24). However, it is more painful
and relatively expensive than other conservative
treatments. Treatments may result in local swelling,
ecchymosis, and numbness with dysesthesia (25).
Meanwhile, LV treatment is relatively more affordable
and less painful. Several previous studies have shown
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Fig. 3. Comparison of plantar fascia thickness between pre- and post-
test. White bars: pre-test; grey bars: post-test. Error bars represent
percentage. ESWT-LV: extracorporeal shockwave therapy and local
vibration combined group; ESWT-alone: extracorporeal shockwave
therapy alone group.
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Table II. Comparison of numerical rating scale between pre- and
post-test (N =34)

Effects of ESWT and local vibration on plantar fasciitis ~ p. 5 of 7

Table III. Comparison of Foot Function Index between pre- and
post-test (N=34)

ESWT-LV ESWT-alone Z2 (p) ESWT-LV ESWT-alone 72 (p)
Pre-test, mean+SD 7.06+1.09 6.94+1.44 -0.270 (0.787) Pre-test, mean+SD 61.70+12.33 57.29+13.13 -0.862 (0.389)
Post-test, mean+SD  2.41+0.87 3.06+0.97 Post-test, mean+SD 51.82+12.86 47.00+11.82
Post-Pre, mean+SD  -4.65+0.99 -3.88+0.99 -1.988 (0.047) Post-Pre, mean +SD -9.88+3.03 -10.29+3.82 -0.607 (0.544)

z°(p) -3.655 (0.000) -3.691 (0.000)

2@Mann-Whitney U test. bWilcoxon signed-rank test.

SD: standard deviation; ESWT-LV: extracorporeal shockwave therapy and local
vibration combined group; ESWT-alone: extracorporeal shockwave therapy

alone group.

that vibration treatment alleviates pain and enhances
peripheral circulation (11, 26). This study examined
the use of LV combined with ESWT compared with
ESWT alone to ease the burden of ESWT and to sug-
gest a more efficient way to treat plantar fasciitis.

Both groups showed improvements after 5 weeks
of intervention, with all patients exhibiting decreased
plantar fascia thickness and improved NRS values and
foot function. In addition, LV combined with ESWT
was significantly more efficacious than ESWT alone
for plantar fasciitis, according to the plantar fascia
thickness and NRS values but not foot function. Such
results can be attributed to various factors.

First, the results of the decreased thickness of the
plantar fascia in both groups were consistent with
those of several previous studies (27, 28). Through a
histopathological study of the tendons of ponies, Bosch
et al. (29) determined the cause of the morphological
changes associated with plantar fasciitis. They stated
that the plantar fascia is a fibrous tissue composed
primarily of type I collagen, similar to tendons. After
3 h of ESWT, the number of irregularly distributed
tenocytes, loss of the regular collagen wave pattern,
loss of the organization of fibrils, and the percentage of
degraded collagen were significantly increased (29). In
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1.00 -
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ESWT-LV ESWT

Fig. 4. Comparison of numerical rating scale (NRS) between pre- and
post-test. White bars: pre-test; grey bars: post-test. Error bars represent
percentage. ESWT-LV: extracorporeal shockwave therapy and local
vibration combined group; ESWT-alone: extracorporeal shockwave
therapy alone group.

Z° (p) -3.633 (0.000) -3.629 (0.000)

@Mann-Whitney U test. bwilcoxon signed-rank test.

SD: standard deviation; ESWT-LV: extracorporeal shockwave therapy and local
vibration combined group; ESWT-alone: extracorporeal shockwave therapy
alone group.

addition, Dizon et al. (30) reported that ESWT creates
a controlled local tissue injury that leads to neovascula-
rization and is associated with increased tissue growth
factors within the locally injured structures (30, 31).
Therefore, it is hypothesized that ESWT resumes the
healing process (30).

Furthermore, the intergroup differences can be
explained by a previous study by Kerschan-Schindl
et al. (9), which showed that a 26-Hz vibration had
positive effects on peripheral blood flow. It seems that
enhanced peripheral circulation, through vibration
treatment, created a synergistic effect with the ESWT.
Thus, the combined treatment resulted in a greater
change than the ESWT alone. In addition, increased
peripheral blood flow may deliver more nutrients,
such as oxygen and minerals, to the treatment area,
facilitating physiological changes.

Secondly, regarding pain improvement, the results of
this study showed that ESWT and vibration combined
treatment was more efficacious than ESWT alone.
Previous studies have demonstrated that ESWT alone
significantly improved pain management for plantar
fasciitis. The study by Dizon et al. suggested that the
chemical alteration of pain receptor neurotransmission
prevents pain perception and hyper-stimulates activa-
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Fig. 5. Comparison of Foot Function Index between pre- and post-
test. White bars: pre-test; grey bars: post-test. Error bars represent
percentage. ESWT-LV: extracorporeal shockwave therapy and local
vibration combined group; ESWT-alone: extracorporeal shockwave
therapy alone group.
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tion of the gate control mechanism, which then also
leads to analgesia (30).

In addition, vibration treatment is known to have
an analgesic mechanism. In a study by Broadbent et
al., whole-body vibration significantly improved pain
and inflammatory marker values, such as interleukin-6,
histamine, neutrophils, and lymphocytes. They also
suggested that vibration treatment may reduce in-
flammation, accounting for a decreased percentage of
activated macrophages and reduced interleukin-6
release. It may also activate satellite cells through com-
pression and increased blood flow (12). In addition, a
study by Lobre et al. (32) reported that increased blood
flow in response to vibratory stimulation at regular
intervals may effectively reduce pain perception.

Thirdly, consistent with the results of the previous
studies, the FFI values improved in both groups (33, 34).
However, no significant difference between the groups
was noted. A period of 5 weeks possibly improved foot
function, but was not enough to translate significant
differences in morphological changes into functionality
changes between the 2 groups. Nevertheless, due to the
significant morphological differences in the thickness
of the plantar fascia between the 2 groups, we could
expect a significant difference in functionality from a
long-term perspective.

To the best of our knowledge, this was the first
study to show a significantly different result using LV
combined with ESWT for plantar fasciitis.

This study had some limitations. First, there was no
placebo group. Including other modalities can evoke
a placebo effect in ESWT-LV group patients, even
though participants were not given any information
about the algorithm used in this study. Secondly, the
study did not directly assess blood circulation, even
though it emphasized the importance of blood supply to
improvement of the illness. The study indirectly assu-
med that blood supply was enhanced by observing the
changes in the dependent variables, based on previous
studies. Lastly, the assessments and interventions were
all performed by a physical therapist, so the effect
of bias could not be completely dismissed entirely.
Hence, further studies investigating the effectiveness
of LV are required.

CONCLUSION

This is the first clinical study of the effects of LV
combined with ESWT compared with ESWT alone for
treatment of plantar fasciitis. LV devices are portable,
relatively easy to access, and widely used in general
populations. However, while ESWT is undoubtedly
beneficial, it is more expensive and is associated
with some side-effects, which may be intolerable for
patients with chronic plantar fasciitis who receive

Effects of ESWT and local vibration on plantar fasciitis p. 6 of 7

several sessions weekly. Treatment with ESWT and
LV combined showed a significant difference between
the 2 groups in the thickness of the plantar fascia and
the NRS (p<0.05). Based on these results, LV can be
considered an effective adjunct to ESWT for plantar
fasciitis.

Further studies are necessary to determine the best
parameters for LV combined with ESWT treatment
in muscular skeletal disorders, in order to establish a
treatment protocol.
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