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Abstract

Low back pain is a common symptom in patients with chronic musculoskeletal conditions, affecting several
individuals. In most cases, low back pain can often prove to be nonspecific or even multifactorial. Current
treatment approach is based on surgical and noninvasive interventions, including pharmacological, psycho-
logical, physiotherapeutic, or complementary strategies. Extracorporeal shock wave therapy (ESWT) is a
type of noninvasive mechanotherapy that has become popular in recent years due to its applicability in the
treatment of various musculoskeletal disorders, especially in the lumbar spine of individuals with osteopo-
rosis, sacroiliitis, and even spinal cord disorders. The objective of this manuscript is to review the scientific
evidence supporting the application of this therapy in the management of low back pain, and give a brief
description of the treatment techniques used in clinical settings. The articles included in this descriptive
review were selected from databases using the Google Scholar tool, from which a total of 13 applicable
studies matching the topic were included. Despite the need for more clinical trials, shock waves have been
applied in medical health for many years with satisfactory results. Its application in the treatment of lumbar
spine disorders has been shown to be advantageous in the management of pathological progression, such
as the natural wear and tear process of musculoskeletal structures. In this sense, shockwave therapy may
represent a viable alternative for the treatment of lumbar spine disorders; however, its therapeutic effects and
mechanisms require further elucidation.
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INTRODUCTION

Low back pain is defined as pain and discomfort
located between the costal margin and the inferior
gluteal folds, with or without leg pain.! It is charac-
terized by a variety of biophysical, psychological,
and social characteristics, with negative impacts
on the function and quality of life of patients.! In
addition, it is frequently reported in physicians’
offices and often does not have a specific cause.?”
Previous studies in the literature conclude that low
back pain affects about 7% of the world population,®
representing more than 540 million people.®” Low
back pain is uncommon in the first decade of life
but may occur abruptly during adolescence®® and
adulthood.'

Upon diagnosis, about 60% of cases may include
symptoms such as lumbosciatic pain, which may
be of radicular origin in the case of herniated discs,
or referred pain, typically reported in myofascial
pain.'! Radicular pain is characterized by discomfort
arising in the limbs or trunk, triggered by ectopic
activation of nociceptive afferent fibers in a spinal
nerve or its roots, stimulating neuropathic mecha-
nisms. Radicular pain is also commonly referred to
as sciatica; however, this term can cause confusion
as it is commonly used to refer to more than one
type of pain, including referred pain.'> Diagnosis is
based primarily on clinical findings, including a his-
tory of leg pain and worsening of symptoms during
sneezing or coughing.'

Conventional treatments include self-care or
psychological, physiotherapeutic, or complemen-
tary interventions instead of relying solely on phar-
macological and surgical procedures. Early pain
management strategies involve thorough exami-
nation and patient education.'* Pharmacological
interventions are considered when nonpharmaco-
logical approaches produce unsatisfactory results.
In this case, nonsteroidal anti-inflammatory drugs
(NSAIDs), for instance, may be recommended.'
Treatment with opioids is not recommended, and it
should be used only as a last resource under medi-
cal supervision.!* In the literature, we identified
some clinical guidelines used in the management
of nonspecific low back pain, mainly in countries
such as Denmark, the United States, and the United

Kingdom (Table 1). Table 1 was built according to
the study published by Foster et al. in 2018.'*

EXTRACORPOREAL SHOCK WAVE
THERAPY

Extracorporeal shock wave therapy (ESWT) is
a type of noninvasive treatment based on mechani-
cal pulses. It has recently become a popular alterna-
tive for the management of various musculoskeletal
disorders. This therapy relies on the application of
transient acoustic pulses of high levels of energy
and pressure, lasting for a matter of milliseconds.'®
Its mechanism of action is often related to a wide
variety of effects at the cellular and molecular level,
promoting angiogenesis, healing, tissue regenera-
tion, and bone remodeling.!” Furthermore, it is also
associated with pain relief via the stimulation of
analgesic responses.'®!” However, it is important
to note that depending on the intensity and target
tissue, shock waves may cause damage, leading to
tissue necrosis, fibrosis, and infiltration of inflam-
matory cells.?

Shockwave stimulation can be applied via focal
or radial pressure waves based on their generation
mechanisms. Focal waves have a wavelength of
1.5 mm, a maximum pressure of 10-100 Mpa,
and a penetration depth of 5-20 cm; radial pres-
sure shockwaves have a wavelength of 0.5-1.5 mm,
a maximum pressure of 1 MPa, and a penetration
depth of 2-5 cm.?! Focal stimulation is generated
from a pressure field, which converges in a focus
to specific tissues, reaching maximum pressure.?? In
addition, they can be originated by three different
mechanisms: electrohydraulic, electromagnetic, or
piezoelectric. However, they share some similari-
ties, such as the ability to concentrate energy in the
depths of the tissues.” As the acoustic impedances
of water and biological tissues are comparable, the
use of focal waves (electrohydraulic and electro-
magnetic) limits reflection, facilitating the propaga-
tion of waves in the body.?!

Conversely, radial pressure shockwaves can be
formed by two mechanisms: pneumatic or electro-
magnetic.’! Both have a pressure field that differs
from the devices used for their generation, reaching
maximum pressure at the source, and not deeply in

Bio Ortho J Vol 4(SP1):e96—e105; 5 December, 2022.
This open access article is licensed under Creative Commons Attribution 4.0 International
(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © CL Simplicio et al.

e97



Extracorporeal shockwave treatment for low back pain

Table 1. Recommended Interventions for the Treatment of Nonspecific Low Back Pain

Strategies

Acute Low Back Pain
(<6 Weeks)

Persistent Low Back Pain
(>12 Weeks)

Educational and self-care recommendations

Maintenance of daily
activities

First choice; incorporated into a
patient’s routine

First choice; incorporated into a
patient’s routine

Patient education

First choice; incorporated into a
patient’s routine

First choice; incorporated into a
patient’s routine

Surface heat

Second choice or adjuvant treatment

Insufficient evidence

Nonpharmacological therap

ies

Exercise

Limited use

First choice; incorporated into a
patient’s routine

Cognitive behavioral
therapy

Limited use

First choice; incorporated into a
patient’s routine

Spinal manipulation

Second choice or adjuvant treatment

Second choice or adjuvant treatment

Massage Second choice or adjuvant treatment Second choice or adjuvant treatment
Acupuncture Second choice or adjuvant treatment Second choice or adjuvant treatment
Yoga Insufficient evidence Second choice or adjuvant treatment

Stress reduction

Insufficient evidence

Second choice or adjuvant treatment

Interdisciplinary rehabilita-
tion

Insufficient evidence

Second choice or adjuvant treatment

Pharmacological therapies

Paracetamol

Not recommended

Not recommended

NSAIDs

Second choice or adjuvant treatment

Second choice or adjuvant treatment

Muscle relaxants

Limited use

Insufficient evidence

Selective norepinephrine
reuptake inhibitors

Insufficient evidence

Second choice or adjuvant treatment

Anticonvulsants

Insufficient evidence

Insufficient evidence

Opioids

Limited use

Limited use

Systemic glucocorticoids

Not recommended

Not recommended

Interventional therapies

Epidural glucocorticoid
injection (for herniated disc
with radiculopathy)

Not recommended

Limited use

Surgery

Discectomy (for herniated
discs with radiculopathy)

Insufficient evidence

Second choice or adjuvant treatment

Laminectomy (for symp-
tomatic spinal stenosis)

Insufficient evidence

Second choice or adjuvant treatment

Spinal fusion (for nonradic-
ular low back pain with disc
degeneration)

Insufficient evidence

Insufficient evidence

NSAID, nonsteroidal anti-inflammatory drugs.
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target tissues. Unlike focal waves, which are gener-
ated in water, radial pressure shockwaves originate
in a device that accelerates a projectile through a
tube using compressed air. The projectile is acceler-
ated until it collides with the applicator at the end
of the tube, producing a pressure wave that expands
radially into the target tissue.?"*

The application of shock wave therapy has shown
promising results in the treatment of common con-
ditions like epicondylitis, plantar fasciitis, tro-
chanteritis, and patellar tendinitis.?>* Recently,
its application has been extended to the treatment
of other nonorthopedic disorders, such as chronic
ulcers, cardiac ischemia, and even erectile dysfunc-
tion.?*?* Previous studies have proposed the appli-
cation of ESWT for the treatment of various spinal
disorders, especially in cases of osteoporosis, sac-
roiliitis, and spinal cord disorders.?

The objective of this manuscript is to conduct a
review of the evidence that supports the application
of ESWT in the management of low back pain, a
common debilitating condition in adult individuals.

STUDY SELECTION

The search strategies and selection of studies
were carried out using Google Scholar databases.
The combination of keywords, such as “chronic low

Chronic lumbar pain

9

back pain, orthopedics,” “mus-
culoskeletal disorders,” “regenerative medicine,”
“ESWT,” and “shock wave therapy,” were used as a
search strategy. Twenty-four studies were selected
up to the search date, October 2022. Exclusion cri-
teria included studies published more than 15 years
ago (three studies), data collection failure (four
studies), or duplicates (one study). Therefore, only
16 robust studies were deemed appropriate for this
review, including randomized controlled trials,
meta-analysis, case report, and retrospective study.
An overview is presented in Figure 1.

LRI PN

inflammation,

LRI

APPLICATION OF ESWT IN THE
TREATMENT OF LOW BACK PAIN

The application of ESWT has revealed promis-
ing results in the treatment of cervical, thoracic and
lumbar spine disorders.?*.*! In the lumbar spine,
therapeutic effects are often assessed using the
Oswestry Disability Index (functional ability of the
lumbar spine), Visual Analog Scale (pain intensity
or severity), and SF-36 (quality of life improve-
ments), as described by the studies presented in the
following paragraphs.

In the literature, the efficacy of ESWT for the
treatment of low back pain has been compared
to standard treatments such as radiofrequency

Total amount of publications obtained via Google Scholar
(n=24)

Included studies (n = 16)

Exclusion criteria:
- Studies published more than 15 years ago (n = 03)
- Data collection failure (n = 04)

- Duplicates (n= 01)

Restrospective study
(n=01)

Signle-blind randomized
clinical trial (n = 04)

Open-label clinical trial
(n=03)

Controlled clinical trial
(n=04)

Meta-analysis
(n=02)

Case report
(n=02)

Figure 1. Eligibility criteria flowchart.

Bio Ortho J Vol 4(SP1):e96—e105; 5 December, 2022.
This open access article is licensed under Creative Commons Attribution 4.0 International
(CC BY 4.0). http://creativecommons.org/licenses/by/4.0 © CL Simplicio et al.

€99



Extracorporeal shockwave treatment for low back pain

neurotomy and corticosteroid injections.?® In this
study, the intensity and severity of nociceptive and
neuropathic pain were evaluated in a group of 62
patients. The results demonstrated that ESWT trig-
gered more lasting results compared to the group
that received corticosteroid injections. However,
when compared to treatment with radiofrequency
(proven to be effective in the treatment of disorders
of the lumbar spine), ESWT had inferior efficacy. In
general, the use of shock waves has its advantages
compared to radiofrequency, since it promotes sig-
nificant improvements in patient quality of life with-
out serious side effects, such as risk of damage to
neural structures.?

Lee et al.?” also published a study comparing the
efficacy of ESWT with conservative treatments. In
this study, patients were divided into two groups:
Group 1 — patients who received shockwave therapy
and Group 2 — patients who received conservative
treatment (physiotherapy). Both groups underwent
physical exercises twice a week for 6 weeks. Pain out-
comes assessed by the visual analogue scale showed
better results in the group that received shockwave
therapy when compared to the conservative treat-
ment group. The efficacy of ESWT in the treatment
of low back pain was also demonstrated in a meta-
analysis with five randomized controlled trials.?® In
this study, ESWT significantly reduced pain and dis-
ability in patients with low back pain, demonstrating
that the therapy is effective in improving the general
condition of patients, corroborating previous stud-
ies.”® With regard to radial pressure shockwaves,
the treatment of quadratus lumborum trigger points
seems to favor the use of corticosteroids in the short
term; however, in the long term, ESWT represents
a more effective treatment alternative.? In addition,
the application of 2000 pulses of 0.03 mJ/mm? in
three sessions with 1-week intervals associated with
the standard protocol of rehabilitation exercises in
patients with low back pain improves pain and dis-
ability after 1 month of treatment. It also increases
sensory nerve conduction amplitude after 3 months
of treatment.>* Furthermore, the results indicated
that ESWT requires less time to exert its effects
compared to standard rehabilitation exercise proto-
cols in patients with low back pain,* reinforcing its

contribution to cell growth and angiogenesis, thus
supporting previous findings.?!-*"-3

Similarly, Walewicz and colleagues®' conducted
a prospective, randomized, single-blind study to
assess the influence of radial pressure ESWT includ-
ing 52 patients with low back pain. The authors
allocated the patients into two different groups:
(1) patients who received the intervention of 2000
pulses of radial pressure shockwaves at 5 Hz for
7 minutes, twice a week, over 5 weeks plus stabi-
lization training and (2) sham treatment protocol.
Outcomes were assessed 1 and 3 months after the
end of the interventions. The group that received
ESWT had a gradual improvement in pain and dis-
ability rates in comparison to the group that received
the sham treatment, making the use of radial pres-
sure shockwaves effective in the long term.?!

Regarding the coexistence of other disorders,
the efficacy of ESWT has already been evaluated
in patients with depression,*? sacroiliac joint dis-
orders,®® and osteoporosis.’? Given that ESWT
promotes significant improvements in pain and dis-
ability relief for individuals with low back pain,
Sheng and colleagues®* investigated the efficacy of
ESWT associated with conservative treatments in
depressed individuals. To do this, 30 patients with
chronic low back pain received 1000 shock waves
at 2.5 Hz, with energy flow density between 0.01
and 0.16 mJ/mm?, seven times per second in the
regions of the quadratus lumborum muscle and the
sacroiliac joint. Conservative treatments included
hyperthermia, ultrasound, and transcutaneous nerve
stimulation. The treatments were administered
twice a week for 6 weeks and showed promising
results in reduction of pain, disability, and depres-
sive symptoms.***> When analyzing the efficacy of
ESWT in sacroiliac joint disorders, Moon and col-
leagues® conducted a double-blind randomized con-
trolled trial (considering the gold standard studies
of evidence-based medicine) including 25 patients
between the control and treated groups. The ESWT
group received a single session of 2000 pulses at
3 Hz, with energy flux density between 0.09 and
0.25 mJ/mm? in the perpendicular region of the pos-
terior sacroiliac line. The control group received the
same treatment but without the emission of shock
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waves. Pain intensity and functional outcomes were
assessed at baseline, at first and fourth week of treat-
ment. Pain indices significantly decreased in patients
treated with ESWT, but there were no differences in
disability and functional outcome indices.*® As for
the coexistence of osteoporosis and low back pain,
waves of high and low energy levels were used in
a study involving 64 postmenopausal women.?? The
results suggested that low-intensity waves are better
at maintaining bone mineral density after 12 months
of treatment.*?

The use of ESWT was also evaluated in patholog-
ical conditions of neurogenic heterotopic ossifica-
tion, in the medium?® and long term.*’ In the medium
term, the use of 4000 pulses at 3 Hz, with energy
flux density between 0.056 and 0.068 mJ/mm?
for 7 weeks was able to significantly reduce pain,
although there was no significant change in terms
of ossification size.*® In the long term, low-intensity
radial pressure shockwaves administered five times
a week for approximately 12 months improved pain
and impaired mobility and range of motion, decreas-
ing ossification.?’

Despite the optimistic results, the literature remains
somewhat controversial.3** Taheri et al.** published a
comparative study including treatment with ESWT
associated with pharmacological agents and physical
exercise. In contrast to previous results, both groups
(control and ESWT) had significant improvements
in pain relief and disability in patients with low back
pain after 3 months of treatment, including the con-
trol group.’® Similar results were reported by Lange
et al.** In this study, patients received eight sessions
of radial pressure ESWT for 4 weeks, and sessions of
physical therapy and analgesics twice a week. After
12 weeks, both groups had a significant improvement
in pain and disability relief.*’

Despite controversial findings, there is consensus
suggesting that ESWT can be considered an alter-
native treatment for patients with low back pain. In
addition, it is a noninvasive, nonpharmacological
approach that is easy to perform. ESWT not only
improves musculoskeletal health but also prevents
problems arising from the continuous use of medi-
cations like corticosteroids and anti-inflammatory
drugs.

AUTHOR’S NOTE

Anamnesis is important for the identification of
lumbar spine dysfunctions and possible causes of
pain. In addition, it is useful for the assessment of
joint mobility, asymmetry, painful blocks, trigger
points, and taut bands. Patients receiving ESWT
treatment can be placed in the following positions:
lateral decubitus, ventral decubitus, or seated. The
first is often used to ensure greater muscle relaxation
and patient comfort. Physicians must note that ESWT
application in seated elderly patients may increase
risks of postural hypotension and vasovagal syncope.

As for the techniques used, we describe the
sweeping technique, as illustrated by Figure 2a,
and the stationary technique shown in Figure 2b.
The sweeping technique involves the identification
of the area of dysfunction by sliding the applicator
over the lumbar region, and then the application of
shockwaves in an “inverted T-shape,” dividing the
spine into quadrants (vertebral body and longitu-
dinal division). Trigger points and taut bands are
commonly identified by focal shockwaves or radial
pressure waves via the sweeping technique, aiming
to evaluate the thickness and depth of each muscle
group in order to select the most appropriate appli-
cation depth for each region. The methods employed
in the stationary technique are based on the applica-
tion of shockwaves to points of dysfunction. In both,
there may be a gradual increase in frequency and
potency at the time of application, considering the
patient’s tolerability. However, high intensities along

Figure 2. (A) Application of radial pressure waves.
(B) Application of focal shockwaves.
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the vertebral axis should be avoided in the stationary
technique (even with radial pressure shockwaves)
due to the risk of damage to membranous structures,
such as cerebrospinal fluid fistulas. In addition,
patients with a history of laminectomy should be
treated with caution, avoiding exposure of the spinal
cord and roots to high-intensity waves.

Overall, among the treatment strategies for low
back pain, the continuous scanning technique is the
most efficient. The technique is used for analgesia,
starting from cranial to caudal, proximal to distal,
axial to peripheral, and from deep to more superfi-
cial layers. However, both techniques are important
for spinal segmental sensitization,** which is an
irritated, hypersensitive, and painful vertebral liga-
ment segment. This sensitization can be reversed
with invasive procedures, such as needling and lido-
caine injection in the paraspinal segment, or non-
invasive, such as shock waves in the paravertebral
region. When not reversed, it can compromise the
effectiveness of treatment in sensitized segments.* -+

In medical offices, shock waves are used in the
treatment of dysfunctions in the bone marrow, deep
ligaments, and muscle insertions, and it may also
be applied to the myofascial layers or inflammatory
areas. In addition, they are used in the treatment of
low back pain, which may or may not be accompa-
nied by sacroiliac, trochanteric, and gluteal pain. In
most cases, these are related to ergonomic compli-
cations or sedentary lifestyles.*!

In addition to identification and appropriate treat-
ment, it is important to assess metabolic and auto-
immune factors or the use of medications, which
may hinder the clinical effectiveness of therapy.
Statins, for example, cause depletion of coenzyme
Q10* and, consequently, contribute to the forma-
tion of bone edema. Continuous administration of
quinolone antibiotics can contribute to the develop-
ment of tendinopathies, which are aggravated by the
concomitant use of corticosteroids.*“** Aromatase
inhibitors in patients undergoing breast cancer treat-
ment also perpetuate joint pain.*-

CONCLUSION

Noninvasive therapeutic modalities such as
ESWT have recently gained popularity in the

treatment of musculoskeletal disorders related to
the lumbar spine. Shock waves have shown prom-
ise in the treatment of numerous musculoskeletal
conditions. This technique has been tested and
refined in order to manage pathologies afflicting the
lumbar region. In addition to being a noninvasive
therapy, research suggests crucial roles in modulat-
ing biological responses associated with regulation
of immune cells, faulty cells, and the synthesis of
important factors for the restoration of diseased tis-
sues. However, more robust clinical trials are war-
ranted in order to further elucidate the long-term
efficacy of this medical technique.
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