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Effect of Extracorporeal Shock Wave Therapy on
Pain Intensity, Functional Abilities, and Trunk Range
of Motion in Patients with Chronic Lumbar Disc
Prolapse: A Randomized Clinical Trial

Wptyw pozaustrojowej terapii falg uderzeniowg na intensywnosc¢ bolu, zdolnosci funkcjonalne
i zakres ruchu tutowia u pacjentow z przewlektym wypadaniem dysku w odcinku kregostupa
ledzwiowego: randomizowane badanie kliniczne

Shaima M. Abdelmageed'(A.B.C.D.EF) Nagwa Ibrahim Rehab'(A.B.CD.EF)
Marwa M Mahfouz2AB.CD.EF) Manal Bakry Abd El Fatah3(A.B.C.DEF) Dina O. Galal4(A.B.C.D.EF),
Mahmoud Y. Elzanaty?.5(A.B.C.D.EF)

'Department of Physical Therapy for Neuromuscular Disorder and its Surgery, Faculty of Physical Therapy, Cairo University, Egypt
2Department of Basic Science, Faculty of Physical Therapy, Deraya University, Elminya, Egypt

3Basic Science Department, Faculty of Physical Therapy, Nahda University, Beni Suef, Egypt

4Faculty of Physical Therapy, Badr University, Cairo, EgyptFaculty of Physical Therapy, Deraya University, Elminya, Egypt
5Faculty of Physical Therapy, Deraya University, EIminya, Egypt

Abstract

Objectives. This research aimed to assess the impact of extracorporeal shock wave therapy (ESWT) on pain severity, functional abilities,
and trunk range of motion in patients with lumbar disc prolapse (LDP). Methods. Design of study was randomized clinical study. Forty
male patients had disc prolapse at L.-S, spine segment with chronic pain. Patients have been randomly divided to two equal groups. The
patients in study group received extracorporeal shock wave therapy (ESWT) in addition to conventional physical therapy program.
Patients in control group were treated with the conventional physical therapy program which composed of electrotherapy using TENS
(15 minutes) and exercise program. Visual analogue scale (VAS) was used to evaluate pain. Functional disability was evaluated by
Oswestry disability index (ODI). The Back range of motion device (BROM) has been utilized to measure trunk motion (flexion, extension,
side bending, external and internal rotation). For all patients prior to and after six weeks of the therapy program, all outcome measures
were evaluated. Results. In the research and control groups, there was a substantial reduction in post-treatment VAS and ODI as
compared to pre-therapy (p > 0.001). In both groups, there was a substantial increase in post-therapy ROM compared to pre-therapy
(p > 0.001). The comparison among the study and post-therapy control groups showed a substantial decrease in the study group's VAS
and ODI relative to the control group (p > 0.001). There was also a substantial increase in the study group's trunk flexion, extension, and
rotation relative to that of the control group (p > 0.01). Conclusion. The ESWT had a significant analgesic effect and improved functional
abilities relative to the conventional physiotherapy program in patients with LDP. Also ESWT had substantial enhancements in trunk
ROM relative to conventional physiotherapy.

Key words:
extracorporeal shock wave therapy, lumbar disc prolapse, functional ability, pain

Streszczenie

Cele. Celem badan byta ocena wptywu pozaustrojowej terapii falg uderzeniowa (ESWT) na nasilenie bdlu, zdolnosci funkcjonalne

i zakres ruchu tutowia u pacjentéw z wypadaniem dysku w odcinku kregostupa ledzwiowego (LDP). Metody. Projekt: randomizowane
badanie kliniczne. Czterdziestu mezczyzn cierpiato z powodu wypadania dysku w odcinku kregostupa L. - S, z towarzyszacym
przewlektym bélem. Pacjenci zostali losowo podzieleni na dwie réwne grupy. Pacjenci w badanej grupie byli poddawani pozaustrojowe;j
terapii falg uderzeniowa (ESWT) jako dodatek do konwencjonalnego programu fizjoterapii. Pacjenci z grupy kontrolnej byli leczeni
konwencjonalnym programem fizjoterapeutycznym, na ktéry sktadata sie elektroterapia z uzyciem TENS (15 minut) oraz program
¢wiczen. Do oceny bolu zastosowano wizualna skale analogowa (VAS). Niepetnosprawno$¢ funkcjonalna zostata oceniona za pomoca
wskaznika niepetnosprawnosci Oswestry (ODI). Do pomiaru ruchu tutowia (zgiecie, wyprost, zgiecie na boki, rotacje zewnetrzng

i wewnetrzng) wykorzystano urzadzenie zakresu ruchu (BROM). W przypadku wszystkich pacjentéw przed i po szesciu tygodniach
programu terapii oceniono wszystkie wyniki. Wyniki. W grupach badanych i kontrolnych nastgpito istotne zmniejszenie wartosci VAS

i ODI po leczeniu w poréwnaniu z wynikami przed terapia (p> 0,001). W obu grupach nastapit istotny wzrost zakresu ruchu po terapii
w poréwnaniu z wynikami przed terapia (p> 0,001). Poréwnanie grup badanej i kontrolnej po terapii wykazato istotny spadek wartosci
VAS i ODI w grupie badanej w stosunku do grupy kontrolnej (p> 0,001). Wystapit réwniez istotny wzrost zgiecia, wyprostu i rotacji
tutowia w grupie badanej w poréwnaniu z grupa kontrolng (p> 0,01). Wniosek. ESWT miata znaczacy efekt przeciwbdlowy i poprawita
zdolno$ci funkcjonalne w poréwnaniu z konwencjonalnym programem fizjoterapii u pacjentéw z LDP. ESWT spowodowata réwniez
znaczacg poprawe w zakresie ruchu tutowia w poréwnaniu z konwencjonalna fizjoterapia.

Stowa kluczowe
pozaustrojowa terapia falg uderzeniowa; wypadanie dysku w odcinku ledzwiowym; zdolno$¢ funkcjonalna; bél
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Introduction

Low back pain (LBP) affects more than 80% of the popula-
tion in developed countries at some point in their lives [1].
One of the common reasons of low back pain is lumbar disc
prolapse (LDP) [2]. The most frequent reason of lumbosacral
radiculopathy is LDP, a confined disc material displacement
beyond the margins of the intervertebral disc space [3]. The
degree of disc displacement compressing the posterior or po-
sterolateral part of the Lumbar spinal segments influences the
intensity of symptoms. In conjunction with neurological defi-
ciencies or related signs of nerve root compression, LDP in-
duces localized low back pain and/or radiating pain [4].

One of the hopeful physical approaches for the therapy of
musculoskeletal disorders is extracorporeal shock wave thera-
py (ESWT). Shock waves are a series of high-energy mecha-
nical pulses from the biophysical perspective that cause
short-term pressure shifts during their propagation [5].

In general, there are two forms of ESWT which vary in terms
of the method and extent of acoustic energy propagation [6].
Electromagnetic, electrohydraulic, or piezoelectric methods
are used to produce Focused ESWT (FESWT). The FESWT
energy is quickly increasing < 10 ns, achieving a high 10-100
MPa peak value (absorption up to 12 c¢cm). The concentrated
form of the FESWT beam is named the focal point. It is the
highest energy density in an area that is comparatively small.
The pneumatic method produces the radial ESWT (rESWT)
and slowly raises the pressure up to 5 ps, achieving a range of
0.1-1.0 MPa (absorption up to 3 cm) with a scattered beam
form [7].

Extracorporeal shockwaves aid revascularization and promote
or reactivate the mechanism of connective tissue and bone he-
aling thus alleviating pain and enhancing functions [8]. Extra-
corporeal shockwaves also enhance muscle strength by proper
motor simulation of muscles and tendons [9].

Extracorporeal shockwaves are currently utilized to treat mu-
sculoskeletal system diseases. ESWT is not yet widely used
for spinal pain syndromes and is still a recent intervention that
needs to be scientifically confirmed. Consequently, the intent
of this research has been to assess the impact of ESWT on the
severity of pain, functional abilities and range of motion in
patients with chronic lumbar disc prolapse.

Material and Methods

Study Design

A randomized controlled experimental trial study was carried
out from August 2019 to December 2019 at Out-patient clinic,
Faculty of Physical Therapy, Deraya University. All the pa-
tients signed an informed consent before starting treatment.
The protocol of this research was accepted by the ethical
committee of the physical therapy faculty.

Participants

Forty male patients had disc prolapse in the L,-S, spine seg-
ment with chronic pain for more than three months. The age
of patients ranged from 25 to 44 years. Magnetic resonance
imaging (MRI) was done to detect the level of lesion. All par-
ticipants were free from acute onset of pain (pain less than
three months); active infection in lumbar spine; cancer; past

www.fizjoterapiapolska.pl
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fractures of the bone structures of the spine; acute and chronic
cardiovascular diseases; arrhythmia and pacemaker; sensory
deficits; immunological diseases; infections; metal implants
and dermatological conditions in the field of application of the
ESWT.

Procedure

The patients in study group received radical extracorporeal
shock wave therapy (rESWT) in addition to conventional phy-
sical therapy program. Treatment sessions with rESWT used
the Storz Medical Masterpuls MP100 (Storz Medical, Tager-
wilen, Switzerland). The rESWT was applied, 2,000 shockwa-
ve impulses (7 times per second) at an energy flux density of
0.10 mJ/mm? using a 17-mm head (5 Hz) were transmitted to a
patient [10]. The patient was positioned in prone. A surgical lu-
bricant was added to the contact surface after determining the
areas of low back pain via physical examination and the shoc-
kwave energy was administered. The quadratus lumborum mu-
scle and the sacroiliac joint were treated. The rESWT
procedures were conducted twice a week over a six-week du-
ration (12 sessions).

Patients in control group were treated with the same conven-
tional physical therapy program as the study group. Conven-
tional physical therapy program composed of electrotherapy
using transcutaneous electrical nerve stimulation (TENS) for
15 minutes and exercise program. The exercise program consi-
sted of Williams’ exercises and McKenzie’s exercise. A poste-
rior pelvic tilt (10 sec/l set, 3 sets), followed by sit-ups (10
times/1 set, 3 sets), and a knee-to-chest exercise (10 sec/1 set,
3 sets) was included in the Williams exercise. McKenzie’s
exercise involved bending the trunk back when supporting the
trunk in a prone position (trunk extension) with both elbows
(20 sec/1 set, 3 sets), followed by bending the trunk back when
supporting the trunk with the elbow extended in a prone posi-
tion with both hands (10 sec/1 set, 3 sets), and then bending
the trunk back in a standing position (10 sec/1 set, 3 sets). For
six weeks, all subjects had been treated twice a week.

Outcome measures

Pain intensity was assessed using a Visual analogue scale
(VAS). The Visual analog scale (VAS) is a scale used to me-
asure pain, with 0 points representing no pain and 10 points
showing unbearable pain. Functional disability has been asses-
sed utilizing the Oswestry disability index (ODI). This scale
has 10 elements which are scored on the basis of functional
performance on a scale of 0 to 5 points, with higher scores
suggesting more serious disabilities.

Trunk range of motion measurement, the back range of motion
device (BROM) has been used (flexion, extension, side ben-
ding, external and internal rotation). A special combination of
inclinometer and goniometer technology with a standardized
protocol is used by the flexion/extension unit to have objective.
The base has a two vertical contact point to facilitate positive
placement on the sacrum. The unit is held by the right wing
with the left hand. The left wing is rest securely on the patien-
t’s buttocks, providing added contact and minimizes rocking
on the sacrum. On the protractor grade scale, the pointer on the
base shows flexion and extension angle.
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Rotation/ lateral flexion unit uses an inclinometer and a com-
pass on a positioning frame, a magnetic booster, and a stan-
dardized protocol to provide objective and reliable
measurement. The positioning frame has to slip-resistant feet,
which are 5,3/4 inches or approximately 15 cm and rest aga-
inst patient’s back. For measurement of lateral flexion, the in-
clinometer is mounted on the vertical plane. For measuring
rotation, the compass is mounted on the horizontal plane. The
magnetic boosters which consist of belt and magnets encased
in vinyl with Velcro straps provide a stable magnetic field for
the compass. The magnetic booster compensates for the
unwanted pelvis rotation because it moves with patient’s pe-
lvis.

Statistical analysis and Sample Size

Forty patients were assigned randomly into two equal groups
(study and control groups). Before the study, sample size es-
timation was performed utilizing G¥*POWER statistical so-
ftware (version 3.1.9.2; Franz Faul, Universitat of Kiel,
Germany). Visual analogue scale (VAS) was used as the pri-
mary outcome and indicated that the sample size for this re-

Table 1. Basic characteristics of participants

Study group
Mean * SD
Age [years] 352+3.18
Weight [kg] 80.9+4.8
Height [em] 168.25+8.2
BMI [kg/m?] 28.64 £ 1.77

search was 20 patients in each group. Calculation was perfor-
med using a = 0.05, B = 0.2 and effect size = 0.91 and alloca-
tion ratio N2/N1 = 1.

Descriptive statistics and unpaired t-tests were used to compare
the characteristics of the participants between both groups.
Using the Shapiro-Wilk test, normal data distribution was te-
sted. To guarantee the homogeneity between both groups, Le-
vene's test for homogeneity of variances was performed. 2x2
Mixed design MANOVA was used to compare impacts on
VAS, ODI and ROM between and within groups. Post-hoc te-
sts were conducted utilizing the Bonferroni correction for sub-
sequent multiple comparison. The significance level has been
set at p < 0.05 for all statistical tests. The Statistical Package
for Social Studies (SPSS) version 25 for Windows was used to
perform all statistical analyses (IBM SPSS, Chicago, IL,
USA).

Results

As presented in table 1, there was no significant difference
(p > 0.05) between both groups in their ages, weight, height,
and BMI.

Control group p-value
Mean = SD
34.4+3.89 0.48
78.65+5.5 0.17
169.1 + 6.04 0.71
27.62+29 0.18

Data are represented as mean + standard deviation; BMI: body mass index; *p < 0.05: significant

Effect of treatment on VAS, ODI and ROM

Mixed MANOVA showed significant interaction between treatment
and time (F = 31.1, p = 0.001). There was a major main impact of
time (F = 467.8, p = 0.001). There was a major main impact of tre-
atment (F = 2.82, p = 0.02). For each group, Table 2 provides de-
scriptive statistics on VAS, ODI and trunk ROM and the substantial
level of comparison among the groups, as well as the substantial le-
vel of comparison among pre-treatment and post-treatment.

Within group comparison
In the study and control groups, there was a significant decre-
ase in post-treatment VAS and ODI relative to pre-treatment

(p > 0.001). In both groups, there was a significant increase in
post-treatment ROM relative to pretreatment ROM (p > 0.001)
(Table 2).

Between groups comparison

No significant variation among pre-treatment groups was fo-
und in all parameters. The comparison among the study and
the post-treatment control groups showed a significant decre-
ase in the study group's VAS and ODI relative to the control
group. There was also a significant increase in the study
group's trunk flexion, extension, and rotation relative to that of
the control group (p > 0.01) (Table 2).

Table 2. Mean VAS, ODI and trunk ROM pre and post treatment of the both groups

Study group
Mean £ SD
Pre treatment 7.45+1.05
VAS Post treatment 3.05+£0.82
MD (95% CI) 4.4 (3.95:4.85)
p=0.001

Control group MD (95% Cl) P-value
Mean £ SD
7.55+1.23 —0.1 (—0.83:0.63) 0.78
4.15+0.87 —1.1 (-1.64: -0.55) 0.001
3.4 (2.95:3.85)
p=0.001
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Study group
Mean £ SD
Pre treatment 49.1 £ 14.44
ODI [%] Post treatment 16.45 +5.92
MD (95% CI) 32.65 (28.45: 36.84)
p=0.001
ROM |[degrees]:
Pre treatment 26.45+4
Flexion Post treatment 35.85+3.57
MD (95% CI) —9.4 (-10.7: —8.1)
p=0.001
Pre treatment 10.55 +1.98
Post treatment 17.75+1.07
Extension MD (95% CI) —7.2 (—7.8: —6.6)
p=0.001
Pre treatment 13.7 + 1.68
Right rotation Post treatment 19.35 £ 1.59
MD (95% CI) —5.65 (—6.25: =5.04)
p=0.001
Pre treatment 13.45+1.96
Left rotation Post treatment 19.5+1.82
MD (95% CI) —6.05 (—6.69: —5.4)
p=0.001

Control group MD (95% CI) P-value
Mean £ SD
50.4 +£10.54 —1.3 (-9.39:6.79) 0.74
23.25+6.6 —6.8 (—10.81: —2.78) 0.001
27.15(22.95: 31.34)
p=0.001
28.1+3.35 —1.65 (—4.01:0.71) 0.16
31.7+3.25 4.15 (1.96: 6.33) 0.001
—3.6 (—4.9: 2.3)
p=0.001
114+1.7 —0.85 (—2.03:0.33) 0.15
15.15+1.84 2.6 (1.63: 3.56) 0.001
=3.75 (-4.35: -3.14)
p=0.001
143 +1.89 —0.6 (—1.74:0.54) 0.29
17.45 +1.66 1.9 (0.85: 2.94) 0.001
—3.15 (=3.75: —2.54)
p=0.001
14.1+2.36 —0.65 (—2.03:0.73) 0.34
17.8+2.21 1.7 (0.4: 2.99) 0.01
—3.7 (—4.34: -3.05)
p=0.001

SD — Standard deviation;, MD — Mean difference; CI— Confidence interval; p-value — Level of significance

Discussion

In the present study in intra-group comparisons following the-
rapy, both treatment groups revealed significant reductions in
VAS and ODI, and the ESWT revealed a significantly higher
reduction in the VAS and ODI in study group than control
group. These findings have been in line with the findings of
the research performed by Rompe et al. [10], which showed
that gentle and repeated stimuli provided by shockwave treat-
ment were successful in alleviating pain. Hammer et al. [11]
indicated that ESWT reduced inflammation in the ligaments.
ESWT raises the rate of blood flow and revascularization,
thereby stimulating and reactivating the tendon, bone, and
surrounding tissue healing process.

Many molecular and cellular mechanisms have been descri-
bed in order to mediate the pain-relieving action of ESWT.
Particularly, rabbit distal femoral exposure to focused ESWT
decreased the amount of substance P (SP) in the periosteum
[12] and decreased the number of immunoreactivity neurons
for substance P in the L5 dorsal root ganglia [13]. In addition,
the use of shock waves in rat skin diminished immunoreacti-
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vity in dorsal root ganglion neurons of calcitonin gene-related
peptide (CGRP) [14]. In unmyelinated C-fibers, Substance P
has been concentrated (responsible for chronic aching pain)
[15]. CGRP is responsible of pain perception in sensory neu-
rons [16].

In the management of musculoskeletal conditions, the decrease
of SP and CGRP in target tissue [12] in association with decre-
ased synthesis of this molecule in dorsal root ganglia cells has
an essential role in ESWT-mediated long-term analgesia [13].
The existence of immunoreactive nerve fibers SP and CGRP
has been revealed in the lumbar facet joints [17]. In addition,
SP immunoreactive fibers have been found more widely in
lumbar disc prolapse than in normal discs, as well as in the
area of vascularized granulation tissue from the nucleus pulpo-
sus to the external portion of the annulus fibrosus alongside the
fissures edges. These results showed that the discogenic pain
could be caused by the area of extensive granulation tissue in-
nervation along the tears in the back of the painful disc. [18].
Therefore, ESWT has a great effect in the treatment of disco-
genic back pain.
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The present study proved that rESWT significant effect on
spinal movement (ROM). Low back pain was likely reduced
by ESWT, decreasing its interference with muscle and senso-
ry signals, thereby enhancing the active ranges of joint move-

was not possible to generalize the findings. Second, the sub-
jects’ daily life activities could not be totally controlled.

Conclusion

ment [19].

In addition, ESWT has analgesic effect, thus improving the
patients’ physical functions and daily living activities. Holmes
[20] explained that the limitations on the everyday lives of
patients will lead to psychosocial issues which would further
affect their life quality. Han et al. [21] also showed that
ESWT reduced pain and decreased indices of disability, there-
by enhancing the physical function and daily living activity of
the patients.

In conclusion, the ESWT had a significant analgesic effect and
enhancing functional skills relative to a conventional physio-
therapy program. Even, in patients with LDP, ESWT had sub-
stantial improvements in trunk ROM relative to conventional
physiotherapy.
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Limitation
This study had some limitations. First, there were a limited
number of patients with chronic lumbar disc prolapse, so it
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