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Purpose: This prospective, randomized and single-blinded study assesses the influence of
radial extracorporeal shock wave therapy (rESWT) in patients with low back pain (LBP).
Methods: A total of 52 patients with LBP were enrolled in the study, out of which a
homogeneous group of 40 patients with mean age of 53.45+4.9 years was included. Patients
were randomized into group A (n=20) treated with rTESWT (2000 pulses; 2.5 bars; 5 Hz,
7 mins) performed twice a week for five weeks (10 sessions) and stabilization training, as
well as group B (n=20) treated with sham rESWT and stabilization training. To analyze the
therapeutic progress, the following tests were performed (before and after therapy; 1 and 3
months follow-up) to assess pain and functional efficiency: (1) Visual Analog Scale (VAS),
(2) Laitinen Pain Scale (LPS), and (3) Oswestry Disability Index (ODI).

Results: The control group had a statistically significant advantage over the rESWT group
(4.4 vs. 3.1 points on the VAS; p=0.039). However, in long-term observations, group A
gradually experienced more pain relief than group B (2.7 vs. 3.5 points, p>0.05, at one month
and 2.0 vs. 4.4 points at three months after treatment; p<0.0001). Similar findings can be
seen in the analysis of changes in pain sensations measured with the LPS. The functional
state (ODI) was better in rESWT group, especially in follow-up observation (9.3 vs. 14.6
points, p=0.033, at one month and 9.3 vs. 17.8 points, p=0.004, at three months after
treatment).

Conclusion: The rESWT combined with stabilization training is particularly effective in the
long-term and achieves a stable beneficial effect for patients with LBP. The use of rESWT
has a significant long-term influence on the reduction of pain and the improvement of the
general functional state in relation to the conventional motor improvement program.
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Introduction

Low back pain (LBP) is fundamentally a medical problem, but also a sociological
and an economic one. At present, pain in the lumbar and sacral segments of the
spine, due to its universality, is considered a disease of civilization, which, in
addition to the suffering of patients, causes significant limitations in the profes-
sional and social spheres. The symptoms lead to a decrease in the quality of life for
patients and sometimes disturb the proper functioning of the entire body, stimulat-
ing the development of several complications and comorbidities.'”
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The basic approach of choice for LBP therapy is still
which
pharmacotherapy,®> physical exercises and manual
methods,* 8 2,10
recently, modern extracorporeal shock wave therapy
(ESWT) have been also used.

In biophysical terms, ESWT is defined as a sequence of

conservative management, includes mainly

and physiotherapeutic procedures; more

high energy mechanical (acoustic) impulses of alternating
course, producing short-lived and turbulent pressure
changes in a center (alternating compression and decom-
pression phases), in which the phenomenon of wave pro-
pagation in space takes place.'’ In principle, there are two
types of shock waves that differ in the form and extent of
the propagation of acoustic energy, the shape of the beam,
and their physical properties.

Focused ESWT (fESWT) was initially only used as a
lithotripsy device in interventional urology or abdominal
surgery, as a non-invasive procedure for urinary or biliary
stone crushing. Devices emitting this type of wave are
most often based on electromagnetic, electrohydraulic, or
piezoelectric methods. Typical physical parameters start
with the pressure, which increases rapidly over less than
10 ns and reaches 1001000 bar (10-100 MPa), so that it
is absorbed in soft tissues theoretically to a depth of up to
12 cm. The focal wave beam is characterized by a con-
centrated propagation shape—the so-called focal point (the
place with the highest energy density in a relatively small
area, located at a depth of 4-6 cm). In contrast, radial
ESWT (rESWT) is generated by the pneumatic (ballistic)
method using a device that produces compressed air,
which sets in motion a special bullet placed inside the
applicator. This bullet, after accelerating, hits the head,
which causes the transformation of kinetic energy into
the phenomenon of the shock wave, which then propagates
into the tissue. This wave is characterized by a slow-
growing pressure that takes up to 5 ps to reach 1-10 bar
(0.1-1.0 MPa) and is absorbed at a depth of up to 3 cm,
with a typically dispersed (unfocused) beam shape.'?

To explore the phenomena of ESWT in biological tissues,
many studies attempted to elucidate the mechanism of shock
waves from the basic science study and translate into clinical
application. For example, Wang et al'® in animal study
reported that application of ESWT caused the ingrowth of
neovascularization associated with up-regulation of angio-
genic and osteogenic growth factors including endothelial
nitric oxide synthase (eNOS), vessel endothelial growth fac-
tor (VEGF), proliferating cell nuclear antigen (PCNA), and

bone morphogenic protein-2 (BMP-2) at the tendon—bone
junction of the Achilles tendon in rabbits.

In a study by Yin et al'* bone marrow stromal cells
(BMSCs) were harvested from the bone marrow cavity of
the proximal femur in six patients with osteonecrosis.
There were significant increases in cell proliferation,
VEGF, alkaline phosphatase, BMP-2, runt-related tran-
scription factor 2 (RUNX2) and osteoclast in mRNA
expressions in the shockwave group. These results demon-
strated that ESWT significantly enhances the angiogenic
and osteogenic effects.

The effect studied too.
Researchers from Taiwan'> observed site-specific phenom-

chondroprotective was
ena in the initiation of osteoarthritis (OA) changes of the
knee in rats. There were significant increases of VEGF,
BMP-2, and osteocalcin in the subchondral bone as com-
pared to the control at week 2, 4, 8, and 12. The most
beneficial effects of ESWT in the OA knee occurred at 4
weeks after shockwave application. Such effects seemed to
continue until 12 weeks.

Santamato et al'®

in a clinical study with twelve
patients after Achilles tendinopathy noticed the mechan-
isms such as direct stimulation of healing, neovasculariza-
tion and direct suppressive effects on nociceptors and
hyperstimulation, which would block the gate-control sys-
tem. The neovascularization observed in phlogistic tissue
was associated with stimulated nerve fibers around
tendons.

The analysis of the available literature on the use of ESWT
in LBP shows that, despite its high popularity and novelty,
there have been only a small number of randomized clinical
trials, especially for tESWT (Table 1).""2° Moreover, a sig-
nificant number of these studies do not meet the highest
criteria of Evidence-Based Physiotherapy, which ultimately
makes it extremely difficult to unequivocally and objectively
analyze the clinical effectiveness of the procedures that are
widely used in everyday practice. This study, therefore, aimed
to assess the influence of rESWT in the treatment of patients
with LBP.

Methods
Ethics, Design, And Setting

The research was conducted from April 2018 to November
2018 at the Clinical Research Laboratory in the Physiotherapy
Department of the Opole Medical School, Poland. The study
was approved by the independent Bioethics Committee of the
Wroclaw Medical University, Poland (approval no. KB-75/
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Table 1 Quality Of Clinical Studies On rESWT And LBP

uthors ro Scale imitations
Auth PEDro Scale* Limitat
[Points]

Tomska et al'” | 3/10 No blind subject; no blind therapist; no blind assessors; no adequate follow-up; no intention-to-treat
analysis; no point estimates and variability

in et al o baseline comparability; no blin erapist; no blind assessors; no adequate follow-u

Lin et al'® 6/10 No basel parability; no blind therapist; no blind dequate follow-up

an et a o blind subject; no blind therapist; no blind assessors; no adequate follow-up; no intention-to-treat

H I 3/10 No blind subj blind therapi blind dequate follow-up t t
analysis; no point estimates and variability

ee et o blind subject; no blind therapist; no blind assessors; no adequate follow-up; no intention-to-trea:

L 1% 3/10 No blind subject; no blind therapi blind dequate follow-up tention-to-treat
analysis; no point estimates and variability

Note: *According to Physiotherapy Evidence Database methodology

2017). All participants gave written informed consent after a
thorough explanation of both the procedures involved and that
their anonymity would be preserved. The study was carried out
in accordance with the guidelines of the Declaration of
Helsinki and Good Clinical Practice. The research project
was prospectively registered as a randomized clinical trial in
the Australian New Zealand Clinical Trial Registry supervised
by the World Health Organization (registration no. ACTRN
12618000593235).

Study Participants
A total of 52 patients with LBP were enrolled in the study,
out of which a homogeneous group of 40 patients with

Table 2 Demographic Characteristics Of Participants In The Study

mean age of 53.45+4.9 years was included. Patients were
randomized into two comparative groups: A (n=20) with
mean age of 51.1+£8.4 years, and B (n=20) with mean age
of 55.849.3 years. Patients from the comparative groups
were homogeneous in terms of the basic characteristics of
the studied population (Table 2) and in terms of baseline
measurements of pain and functional status. The detailed
CONSORT flow chart of participants in each stage of the
project is presented in Figure 1.

Qualification And Randomization
Recruitment was conducted among patients with LBP.
Patients were qualified by a team consisting of an

Item Group P-value
n X Me Min Max Ql Q3 SD
Age [years] A 20 511 53.0 36.0 71.0 44.5 55.5 84 0.105*
B 20 55.8 55.0 38.0 74.0 49.5 59.5 9.3
Height [cm] A 20 165.7 165.5 150.0 180.0 162.5 170.0 78 0.465%*
B 20 165.0 164.0 152.0 180.0 159.0 169.0 7.7
Body weight [kg] A 20 772 73.0 55.0 121.0 65.0 85.0 17.3 0.394*
B 20 80.4 81.0 55.0 102.0 67.5 96.5 15.2
Duration of disease [years] A 20 9.8 8.0 3.0 20.0 5.0 14.0 5.1 0.725%
B 20 9.0 85 3.0 17.0 5.0 12.0 4.1
Modic class [°] A 20 3.1 3.0 3.0 4.0 3.0 3.0 0.2 0.797*
B 20 3.1 3.0 3.0 4.0 3.0 3.0 0.3
Sex [n/%] A Women n=14 (70%) 0.723%*
Men n=6 (30%)
B Women n=15 (75%)
Men n=5 (25%)

Note: *U Mann-Whitney test; **Chi” test.
Abbreviations: n, number of patients; X, average; Me,

median; Min, minimum value; Max, maximum value; QI, lower quartile; Q3, upper quartile; SD, standard deviation.
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Assessed for eligibility (n=52)

Excluded (n=12)

« not meeting inclusion critena (n=12)
+ declined to participate (n=0)

« other reasons (n=0)

Randomized (n=40)

Allocation v

Group A (n=20)
+ received allocated intervention (n=20)
+ did not receive allocated intervention (n=0)

Group B (n=20)
+ received allocated intervention (n=20)
+ did not receive allocated intervention (n=0)

Lost to follow up (n=0) L

. ( Follow up

Lost to follow up (n=3)

A 1 month follow up (n=1) — recurrence of LBP;

analgesics needed

3 month follow up (n=2) — recurrence of LBP;
analgesics needed

Analysis

Analysed (n=20)

Figure | The CONSORT flow chart diagram.

orthopedist, a neurologist, a neurosurgeon, an internist, a
radiologist, and a physiotherapist. The selection of patients
for participation in the research was purposeful. Patients with
discopathy of the L5-S1 spine segment, chronic pain lasting
more than three months, and pseudo-radicular pain syn-
drome, who had not been treated with spine surgery before,

Analysed (n=20)
1 month follow up analysed (n=19)

3 month follow up analysed (n=17)

were qualified for the study. Patients had to be at least 18
years old and have a current magnetic resonance imaging
(MRI) examination confirming the diagnosis (at least III°
according to the Modic classification, in the L5-S1 segment
of the spine). The allocation to the groups of patients who
passed the qualification procedure was random. Participants

I 862 submit your manuscript
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Clinical Interventions in Aging 2019:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Walewicz et al

were randomized with equal probability to ESWT or sham
using a central computer-generated random allocation by a
senior researcher. The group allocation was independent of
the persons delivering the treatment and analyzing the
results/data.

Inclusion And Exclusion Criteria

Patients with discopathy of the L5-S1 spine segment with
chronic pain lasting more than three months were included
in the study. The exclusion criteria applied to the patients
were acute spinal pains (occurring for less than three
months, because ailments of longer duration were treated
as chronic); radicular pain syndrome; discopathy on a dif-
ferent level of the spine (patients with early lesions 1° and II
° according to Modic classification were not excluded from
the study, only degeneration I1I° was a basis for exclusion);
lack of pain and reduced mobility in the lumbar and sacral
regions; other diseases within the spine (spondylolisthesis,
fractures, tumors, rheumatic diseases, cauda equina syn-
drome); pregnancy; pacemaker; neurological deficit symp-
toms; cardiovascular diseases; blood coagulation disorders;
metal implants, such as hip and/or knee endoprosthesis;
mental disorders; cancer; psoriasis; scleroderma; and viral
and bacterial infections. Patients undergoing spinal surgery
or receiving analgesics or anti-inflammatory drugs were
also excluded from the study.

Patients not qualified for the next stages of the scien-
tific project for various reasons were provided with basic
treatment—administration of analgesics and non-steroidal
anti-inflammatory drugs—as well as elements of move-
ment improvement according to medical indications.
Participants were assigned computer-generated random
numbers and assigned to a comparative group based on a
draw of those numbers.

Procedures And Measurements

Patients from group A were treated with rTESWT using a Pro-
Shock Waves pneumatic device (Cosmogamma, Indonesia;
see Figure 2). Each treatment was performed using a contact
method, with the labile movement of the applicator (head) in
the spinal region at the level of the lumbar and sacral spine in
the area of the most severe painful ailments reported by the
patient (Figure 3). The following treatment parameters were
used: 2000 pulses with the pressure of 2.5 bars (correspond-
ing to an energy flux density of 0.1 mJ/mm?), 5 Hz frequency,
and treatment time of seven minutes. A standard ultrasound
gel was used to connect the applicator head to the skin,
reduce tissue resistance, and maintain proper coupling and

Figure 3 The rESWT procedure in LPB.

energy propagation. The procedures were performed twice a
week (Monday and Thursday) for a period of five weeks (i.e.,
each patient underwent a series of ten procedures).
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Patients from group B were treated with sham rESWT.
The sham stimulation was voided of biologically active
components by applying a special polyethylene applicator
cap, which absorbed energy and limited its propagation to
the patient’s tissue. The treatment technique was identical
to that of group A, with the same sound signals during the
procedure of the pneumatic head and the same technical
parameters as in the real procedures. This group was a
single-blind (patients did not know to which group they
belonged) to estimate the placebo effect of this type of
therapy.

In addition to physical treatment, patients from both
groups underwent identical basic treatment by means of
physical improvement in the form of functional training
(45 mins, once a day, five days a week). Standard stabili-
zation training included the following elements: techni-
ques for relaxing the musculofascial system on the
erector spinae muscle, techniques for activating the neutral
position of the lumbo-pelvic-hip complex and deep mus-
cles, activation of proper breathing, transverse abdominal
muscle work, coordination of superficial and deep mus-
cles, and postural and dynamic training.

Outcome Evaluation

To analyze the therapeutic progress, the following tests
were performed to subjectively assess pain and functional
efficiency: (1) Visual Analog Scale (VAS), (2) Laitinen Pain
Scale (LPS), and (3) Oswestry Disability Index (ODI).

These tests were performed before the start and after
the end of the full cycle of ESWT treatment. In the second
stage of the project, the measurements were repeated as a
follow-up at one and three months after the end of the
study. During this period, patients were not subjected to
any treatment aimed at reducing possible LBP.

All tests were performed by the same technician in the
same laboratory. Physical treatments and stabilization train-
ing were carried out by the same therapist. Persons perform-
ing statistical analysis of the results received data in the
form of coded numbers and had no knowledge about the
state of health of the patients or their group assignment.

Statistical Analysis

The statistical analysis was performed using Statistica 13
(TIBCO Software Inc., USA) and STATA 15 (StataCorp
LLC, USA). Arithmetic means, medians, lower and upper
quartiles, standard deviations, and ranges of variability
(extreme values) were calculated for measurable variables.
Frequencies of occurrence (percentages) were calculated

for qualitative variables. All quantitative variables were
tested using the Shapiro—Wilk test to determine the dis-
tribution type. Due to the lack of a normal distribution and
the low sample size, the analyses were performed using
non-parametric tests. The Mann—Whitney U and chi-
squared tests were used to test the homogeneity of the
groups. The comparison of the results between the groups
was performed using the Mann—Whitney U-test. In each
group, the comparison of the results obtained before and
after the intervention, and at one and three months follow-
up, was carried out using Friedman test for non-parametric
repeated-measures analysis of variance. A significance
level of 0=0.05 was used for all comparisons.

In calculating our sample size, we allowed for (1) 20%
loss to follow-up and (2) historical information from our
unit that 45% of patients who are offered conservative
(standard physical therapy) management for this condition
opt for ESWT within six months. The sample size analysis
was performed using Statistica 13 (TIBCO Software Inc.,
USA). All calculations were carried out before the pro-
spective study began. Based on the available results in the
unit’s database, it was assessed how pain varied between
two groups three months after rESWT treatment. The
means and standard deviations of VAS (the primary out-
come) results in both groups three months after treatment
of tTESWT were used in the analysis of estimating the
sample size. The estimated sample size for a two-sample
unpaired-means test (unpaired #-test). Parameters: mean in
rESWT group was 2.1 (SD=1.1); mean in sham rESWT
group was 4.6 (SD=1.4); the alpha level was set at 0.05,
and the power of the test at 0.9. It also assumed no
correlation of evaluated variables and adopted 2-sided
null hypothesis. On the basis of the parameters, the esti-
mated sample size has been obtained equal to 8 people in
each group. In addition, the risk of losing patients in the
follow-up assessment (20%) was assumed. The final sam-
ple size equals 10 participants in each group.

Results

After the end of the study, an extremely strong analgesic
effect (p<0.0001) was observed in the group treated with
rESWT and stabilization training. Interestingly, the pain
reduction was not effective (p=0.957) immediately after
treatment (pain reduction in VAS scale from 4.7 to 4.4
points, on average), but the therapeutic progress accelerated
significantly in later observations (2.7 points, on average, at
one month and 2.0 points at three months after treatment).
This means that rTESWT was particularly effective in the
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long term and achieved a stable analgesic effect without
sudden relapse (p=0.021 for results immediately after treat-
ment in relation to one month of follow-up and p=0.001
compared to three months without follow-up). Detailed
results are shown in Table 3.

In group B, the analgesic effect was also effective
(p<0.0001), as shown in Table 4. In patients receiving
only sham rESWT treatment in addition to movement
improvement, a rapid and statistically significant pain
reduction was observed, from 4.7 points on the VAS
scale before treatment to 3.1 points after (p=0.002).
Unfortunately, in later observations, a gradual recurrence
of pain and worsening of results was observed (on aver-
age, 3.5 at one month and 4.4 points at three months after
the end of therapy). It was clear that, initially, the bene-
ficial effects of the therapy were only of a short-term
nature.

The situation was very similar for the assessment of
pain with the LPS (Table 4), for which rehabilitation was
effective in both groups (p<0.0001). However, in the
shock wave group, the therapeutic effect was initially
relatively small (p=0.794), but, as before, it accelerated
significantly in later observations (p=0.036 at one month
and p<0.0001 at three months after the end of the therapy
program), indicating that this physical treatment counter-
acted the potential recurrence of pain symptoms. In con-
trast, in the sham rESWT group, although the general
effect was statistically significant, no significance was

Table 3 The VAS Scale Results In Both Groups A And B [points]

found in the post hoc analyses (p>0.05). As before, we
could observe a deterioration of the results in long-term
observations.

Functional efficacy in the stabilization and rESWT
group initially improved slightly, from an average of
16.1 points before the start of the study to 13.6 points
immediately after the therapy. However, it is worth noting
that, one month after the end of treatment, the ODI score
was already 9.3 and remained so for up to three months.
The analysis of variance indicated that these changes were
statistically significant (p<<0.0001), as did post hoc com-
parisons (Table 5). In the control group, however, a change
in ODI scores was noted, from 16.1 to 12.3, on average,
after the end of treatment. Although the analysis of var-
iance showed statistically significant positive changes
(p=0.002), in the long-term evaluation, a gradual deteriora-
tion of patients’ fitness was unfortunately observed (14.6
at one month and 17.8 points at three months). The exact
results with post hoc analyses are presented in Table 5.

No significant differences (p>0.05) were found before
the study, which means that patients from the comparison
groups were homogeneous in this range. Interestingly, the
control group had a statistically significant advantage over
the shock wave group (4.4 vs. 3.1 points on the VAS;
p=0.039). However, in long-term observations, group A
gradually experienced more pain relief than group B (2.7
vs. 3.5 points, p>0.05, at one month after treatment and 2.0
vs. 4.4 points, p<0.0001, at three months after treatment).

n X Me | Min | Max | QI | Q3 | SD | P-value (Main Effect)* | P-value (Multiple Comparisons)**
Group A
Before 20 | 47 [ 50 | 10 7.0 40 [ 6.0 | 1.9 | p<0.000 Before: After p=0.957
Af 20 | 44 (40 | 10 8.0 30 | 60 | 1.8 Before: | month p=0.005
ter : ) ) ) : ) i Before: 3 months p<0.000
| month follow-up | 20 | 2.7 | 3.0 | 0.0 5.0 1.0 | 40 | 1.7 After: Imonth p=0.021
After: 3 month p=0.001
3 month follow-up | 20 | 20 | 1.0 | 0.0 5.0 0.0 |35 |20 | month: 3 month p=0.637
Group B
Before 20 | 47 | 50 | 1.0 7.0 40 (55 | 1.4 | p<0.000 Before: After p=0.002
Af 20 | 3.1 | 3.0 | 0.0 5.0 20 | 40 | 14 Before: | month p=0.039
ter Sl Rl B : nall Il IS Before: 3 months p=0.897
| month follow-up | 19 | 3.5 | 40 | 1.0 5.0 30 | 40 | I.I After: | month p=0.730
After: 3 month p=0.022
3 month follow-up | 17 | 44 | 40 | 2.0 6.0 40 (50 |12 | month: 3 months p=0.225

Notes: P-values with statistical significance are presented in bold. *Friedman test; **Dunn test.
Abbreviations: n, number of patients; X, average; Me, median; Min, minimum value; Max, maximum value; QI, lower quartile; Q3, upper quartile; SD, standard deviation.

Clinical Interventions in Aging 2019:14

submit your manuscript

1865

Dove


http://www.dovepress.com
http://www.dovepress.com

Walewicz et al

Dove

Table 4 The LPS Results In Both Groups A And B [points]

n X Me | Min | Max | QI | Q3 SD | P-value (Main Effect)* | P-value (Multiple Comparisons)**
Group A
Before 20 | 63 | 60 | 40 100 | 40 | 80 2.0 | p<0.000 Before: After p=0.794
Afi 20 | 5.7 | 60 | 20 100 | 40 | 7.0 24 Before: | month p=0.003
ter : : : : : : : Before: 3 months p<0.000
| month follow-up | 20 [ 3.9 | 40 | 0.0 8.0 3.0 | 40 1.8 After: | month p=0.036
After: 3 months p<0.000
3 month follow-up | 20 | 2.2 | 2.0 | 0.0 7.0 0.0 | 4.0 2.0 I month: 3 months p=0.053
Group B
Before 20 | 62 | 50 | 2.0 11.0 | 40 | 80.5 | 2.8 | p<0.000 Before: After p=0.078
Af 20 | 43 | 40 | 0.0 8.0 3.0 | 6.0 2.1 Before: | month p=0.593
ter ) ) ) ) ) ) ) Before: 3 months p=0.998
| month follow-up | 19 [ 52 | 5.0 [ 0.0 9.0 40 [ 7.0 22 After: | month p=0.656
After: 3 months p=0.063
3 month follow-up | 17 | 64 | 6.0 | 3.0 120 | 40 | 8.0 2.6 | month: 3 months p=0.508

Notes: P-values with statistical significance are presented in bold. *Friedman test; **Dunn test.
Abbreviations: n, number of patients; X, average; Me, median; Min, minimum value; Max, maximum value; QI, lower quartile; Q3, upper quartile; SD, standard deviation.

Table 5 The ODI Results In Both Groups A And B [points]

n X Me | Min | Max | QI Q3 | SD | P-value (Main Effect)* | P-value (Multiple Comparisons)**
Group A
Before 20 | 16.1 | 16.0 | 10.0 | 25.0 [ I1.5] 21.0 | 5.2 | p<0.000 Before: After p=0.662
Af 20 ( 136 | 140 | 50 | 250 | 85 170 | 5.6 Before: | month p=0.011
e Before: 3 months p=0.012
| month follow-up | 20 | 9.3 9.5 1.0 [ 20.0 | 2.0 16.0 | 7.1 After: | month p=0.324
After: 3 months p=0.184
3 month follow-up | 20 | 9.3 85 |00 31.0 | 1.0 155 ] 87 I month: 3 months p=1.000
Group B
Before 20 | 16.1 | 155 ] 1.0 360 | 11.0 | 20.5 | 8.0 | p=0.002 Before: After p=0.405
Af 20 | 123 ] 13.0 | 0.0 320 | 55 150 | 84 Before: | month p=0.929
ter ) ) ) ) ) ) ) Before:3 months p=0.907
| month follow-up | 19 | 14.6 | 140 | 2.0 31.0 | 10.0 | 20.0 | 7.3 After: | month p=0.786
After: 3 months p=0.141
3 month follow-up | 17 | 17.8 [ 18.0 | 8.0 31.0 | 120 | 20.0 | 7.2 | month: 3 months p=0.598

Notes: P-values with statistical significance are presented in bold. *Friedman test; **Dunn test.
Abbreviations: n, number of patients; X, average; Me, median; Min, minimum value; Max, maximum value; QI, lower quartile; Q3, upper quartile; SD, standard deviation.

This may mean that rTESWT, as a relatively invasive phy-
sical treatment, does not show significant pain relief
effects immediately after the end of the treatment period,
however, it allows for longer remission of symptoms later,
which is not possible for the standard movement
improvement.

Similar findings can be seen in the analysis of changes
in pain sensations measured with the LPS. Initially, the

comparative groups were homogeneous (p>0.05). After

treatment, although the pain was greater in group A,
there was no difference from group B (5.7 vs. 4.3 points,
p>0.05). Again, interestingly enough, the situation com-
pletely changes in the analysis of later results. Patients
with active rTESWT treatments, compared with the group
with passive sham-rESWT treatments, saw a significant
analgesic effect (p=0.043 at one month and p<0.0001 at
three months after the end of therapy). The decreasing
over time clearly illustrates that

significance level
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rESWT allowed for a stable analgesic effect, while, in the
control group, a gradual relapse and deterioration of
results was observed. The increasing statistical difference
between the two groups demonstrates this claim.

For functional status evaluation with the ODI, the
groups were also homogeneous at the pre-start stage
(p>0.05). After treatment, it is clear that the group treat-
ments were effective at similar levels (p>0.05), although,
as time passed after the end of the therapy program,
rESWT started to gain a significant advantage over the
sham therapy (9.3 vs. 14.6 points, p=0.033, at one month
and 9.3 vs. 17.8 points, p=0.004, at three months after
cessation of active treatment).

Discussion

There are few studies in the available literature (Web of
Science, Scopus, Pubmed, Medline, PEDro) on the use of
shock waves in the treatment of LBP, and most such
publications examine the fESWT type.

Lee et al*” recruited 28 patients with LBP, who were
assigned to one of two groups. The ESWT group consisted
of 13 patients (age 53.92 years, height 163.15 cm, body
weight 64.54 kg), and the control group consisted of 15
participants (age 54.33 years, body height 160.27 cm,
body weight 60.20 kg). All patients, regardless of group,
underwent a movement recovery program (30 mins, twice
a week, for 1.5 months). The rehabilitation consisted of
McKenzie exercises and central stabilization training.
Additionally, in the ESWT group, a single application
was performed (2000 pulses, frequency 5 Hz, dose 0.1
mJ/mm?). In the control group, thermotherapy using
local warm gel wraps, ultrasound therapy, and transcuta-
neous electrical nerve stimulation (TENS) were performed
daily. After the end of the study, it was found that pain
measured by VAS significantly decreased in both groups,
but much more so under the influence of shock waves
(p<0.05).

Notarnicola et al*' conducted a randomized clinical trial
in which 30 patients with LBP were divided into two
groups. In the first group, the impact wave was focused
(in our study it was radial); the second group received
standard kinesiotherapy. The researchers also evaluated the
groups at one and three months after the end of the therapy
(as in our study). They showed the therapeutic advantage of
the physical procedures over the control group: VAS scale,
p=0.02 at one month and p=0.002 at three months; ODI,
p=0.002 at one month and p=0.002 at three months.

Moon et al** included 30 patients with cross pain in
their study; in one group they used slightly stronger shock
waves than in our project (0.2 mJ/mm?; the other para-
meters were identical, but it should be pointed out that
they used fESWT, not rESWT) compared to the placebo
group (no treatment). To evaluate the therapeutic effect,
the ODI was used at one and four weeks after the end of
procedures. The researchers confirmed the high effective-
ness of the wave in the treatment of LBP, which is con-
sistent with our results.

Results of Schneider” seem to correspond with the
above findings, as the author postulated, on the basis of
his own research, that the combination of a shock wave
with manual therapy of trigger points in the spinal muscles
and region of the quadratus lumborum muscle allows the
achievement of the highest therapeutic efficacy in LBP.

Han et al'® included 30 patients (nine men and 21
women) in their study. The participants were divided into
two comparative groups. The first group consisted of 15
patients (age 46 years, body height 163.7 cm, body weight
61.9 kg) who underwent standard physical therapy—ther-
apeutic heat compresses on the quadrilateral lumbar region
(20 mins), ultrasound therapy (five minutes), and electro-
therapy for pain (15 mins). The second group consisted of
15 patients (age 49.7 years, body height 161.3 cm, body
weight 62.2 kg) who underwent shock wave procedures
(1000 pulses, frequency 2.5 Hz, dose 0.01-0.16 mJ/mm?).
All treatments in both groups were performed twice a
week for 1.5 months. The evaluation of the therapeutic
effects was based on the VAS for pain and the ODI for
functional status. At the end of the study, the pain
decreased from 7.0 to 3.6 points in the shock wave
group (in our project, the decrease was from 4.7 to only
4.4 points, but at one month after the end of treatment it
was 2.7 points, and at three months it was 2.0 points). This
result was significantly better than in the control group
(p<0.01). For functional status, the score decreased from
30.1 to 17.5 (in our study, we recorded results of 16.1,
13.6, 9.3, and 9.3).

It is clear from the research conducted by scientists
from South Korea that ESWT allows for very effective
pain reduction and improvement of the functionality of
patients with LBP. In our work, the patients were much
less advanced in exacerbation of the disease—as evi-
denced by the initial results from before the therapy—

than in the study by Han et al,'® but remission and advan-
tage over the control group were observed, and, most

importantly, the clinical effect was long-lasting, which
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was not found in the group undergoing only physical
therapy and rehabilitation with sham procedures.

The aim of our study was to assess the influence of
rESWT in the treatment of patients with LBP. The rESWT
appeared particularly effective in the long term and
achieves a stable beneficial effect compared to standard
management without sudden relapse. According to follow-
up analysis the use of this therapy had a significant influ-
ence on the reduction of pain and the improvement of the
general functional state in relation to the conventional
motor improvement program. However, in short-term the
pain reduction after tESWT was not efficient immediately
after treatment and results were worse than in a compared
group.

Initially, the control group had a statistically significant
advantage over the shock wave group (4.4 vs. 3.1 points
on the VAS; p=0.039). However, in long-term observa-
tions, group A gradually experienced more pain relief than
group B (2.7 vs. 3.5 points, p>0.05, at one month after
treatment and 2.0 vs. 4.4 points, p<0.0001, at three months
after treatment). Similar findings can be seen in the ana-
lysis of changes in pain sensations measured with the LPS.
After treatment, the pain was higher in group A (5.7 vs.
4.3 points). Again, the situation completely changes in the
analysis of later results. Patients with rTESWT compared
with the group with sham treatments, saw a significant
analgesic effect (p=0.043 at one month and p<0.0001 at
three months after the end of therapy). The functional state
(ODI) was better in rESWT group, especially in follow-up
observation (9.3 vs. 14.6 points, p=0.033, at one month
and 9.3 vs. 17.8 points, p=0.004, at three months after
cessation of active treatment).

Clinical Implications

This RCT provides some suggestions for the use of
rESWT in clinical practice of LBP. At the moment, no
recommendation can be given as to which of the two types
(radial vs. focused) is more efficient. When rESWT is used
to treat LBP, it seems that the best effect appears in the
long term. This therapy achieves a stable, beneficial effect
compared to standard management without sudden
relapse. However, in short-term the pain reduction after
rESWT is not effective immediately after treatment and
results are usually worse than in standard program. This
may mean that rESWT, as a relatively invasive physical
treatment, does not show significant pain relief effects
immediately after the end of the treatment period. We

recommend in LBP the rESWT with 2000 pulses; 2.5
bars; 5 Hz, 7 mins; performed twice a week for five weeks.

Study Limitations

As the review of the above articles shows, a study of
rESWT with selected parameters, randomization, consis-
tent research material, sample blinding, strict inclusion and
exclusion criteria, and analysis of early and later results
was justified. However, the material collected should be
verified by other research centers to confirm or refute the
results obtained in this study. So far, there are too few
studies of a sufficient scientific standard to determine the
clinical value of rESWT in the treatment of LBP. The
results of previous studies are promising but require
further verification. In future, the performance of radial
shock waves should be checked using more precise mea-
suring tools (e.g., surface electromyography, isokinetic
systems, and posturographic platforms). It is also worth-
while conducting a randomized clinical trial with a com-
parison of tTESWT and fESWT during one experiment. The
small number of patients in both groups in the current
study was also a weakness of the work. The effectiveness
of ESWT should certainly be verified with a larger sample.

Conclusion

The rESWT method seems to be effective for patients with
LBP, both in the short- and in particular in the long-term,
and has a significant advantage over the placebo effect
(within the study’s scope). The use of this therapy has a
significant influence on the reduction of pain and the
improvement of the general functional state in relation to
the conventional motor improvement program.
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