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Introduction
Shock waves in medicine, also known and re-
ferred to as Extracorporeal Pulse Activation Tech-
nology (EPAT) and/or Extracorporeal Shock Wave 
Treatment (ESWT), is an evidence-based, non-in-
vasive technology platform that uses unique sets 
of acoustic pressure waves to elicit healing re-
sponses from diverse tissues. A growing body of 
clinical literature supports the safety and efficacy 
of EPAT/ESWT in multi-discipline medicine and a 
broad range of musculoskeletal disorders that are 
often challenging to treat with traditional meth-
ods. [1]

The discovery of shock waves began during World 
War II with engineers and physicists attempts at 
determining the cause of cracks in aircraft asso-
ciated with flying at supersonic speed in the rain.

The theory of using shock waves in medicine dates 
back to the 1940s, but the first demonstration of 
its clinical use in humans occurred in 1980, when 
Professor Christian Chaussy, MD used shock 
waves to disintegrate renal pelvic stones in hu-
mans [2]. He found that 20 of the 21 patients were 
able to successfully pass the disintegrated stones 
without surgical intervention. 

Since Dr. Chaussy’s demonstration in the area of 
urology, the term “shock wave” was established 
and later referred to as Extracorporeal Shock 
Wave Lithotripsy (ESWL). 

Shock wave technologies have continued to evolve 
and expand in multi-discipline medicine and have 
been clinically proven to be a powerful therapeu-
tic modality. The term Extracorporeal Shock Wave 
Therapy/ Treatment/ Technology (ESWT) was later 
established to differentiate other clinical applica-
tions.

The first orthopedic indication(s) approved by the 
FDA occurred in 2000 for the treatment of plantar 
fasciitis, followed by lateral epicondylitis in 
2002 [3]. 

Today, physicians are turning to shock 
wave to successfully treat patients who 
suffer from a broad range of muscu-
loskeletal disorders, with consistently 
high efficacy levels and patient satis-
faction scores. 

In addition, new indications/applications for 
shock wave are being identified and researched 
regularly to improve the fields of urology, ortho-
pedics, sports medicine, pain management and 
rehabilitation, wound healing, plastics and aes-
thetic dermatology, neurology, cardiology, and 
veterinary medicine. Shock wave technologies are 
making a significant impact on treatment strate-
gies, clinical and economic outcomes, and patient 
satisfaction. 

Despite the evolution and technological advance-
ments, there continues to be confusion with dif-
ferent technology platforms, products, perfor-
mance variables, protocols and dosages. As with 
many products, devices and technologies, not all 
shock wave systems are created equal.
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Shock Wave Terminology
There are three types of shock wave technolo-
gy platforms that are used in medicine: Focused 
Shock Waves (F-SW), Planar Shock Waves (P-SW) 
and Radial Pressure Waves (R-PW). 

Physically speaking, radial pressure waves are not 
shock waves, and the technology is more correctly 
referred to as radial pressure waves (R-PW). How-
ever, R-PW is colloquially known as radial shock 
wave therapy (R-SW, RSWT,  or rESWT).

Focused Shock Waves (F-SW)

Moya, D., et al., The Role of Extracorporeal Shockwave Treatment in Musculo-

skeletal Disorders. J Bone Joint Surg Am, 2018. 100(3): p. 251-263

Focused shock waves are unique sets of acoustic 
pressure waves that propagate faster than sound 
in the propagating medium. They have a charac-
teristic biphasic pressure profile that includes an 
initial, abrupt high positive pressure amplitude 
followed by a small negative pressure amplitude. 

The focused shock wave front is a region of sud-
den, dramatic changes in the stress, density, and 
temperature of the medium. The pressure profile 
of a focused shock wave includes an initial high 
positive pressure amplitude that rises rapidly, fol-
lowed by a small negative pressure amplitude. The 
positive component of the wave directly transfers 
energy to the medium, while the negative pres-
sure component is associated with the develop-
ment of vapor-filled cavitation bubbles, which 
collapse explosively (an indirect effect), creating a 
secondary focused shock wave that is character-
ized by powerful fluid microjets that radiate out 
from the point of collapse. 

Focused shock waves are subject to the physical 
laws of reflection, refraction, and deflection. F-SW 
takes advantage of this by reflecting acoustic 
pressure waves and/or acoustic energy to a single 
focal point underneath the skin. 

F-SW applications are beneficial for deeper sited 
pathologies to include soft tissue, bone and vas-
cular structures. They have a smaller focal zone 
than radial pressure waves, allowing for precise 
targeting of deeper tissue structures.

Planar Shock Waves (P-SW)

Planar shock waves (P-SW) are a unique type of 
focused wave that combines features of focused 
shock waves and radial pressure waves. Planar 
shock waves propagate radially, similar to radial 
pressure waves.

Focused Shock Wave Generation

There are three basic types of focused shock wave 
generators that can produce a focused shock 
wave:

1. Electrohydraulic sources also referred to as 
“spark gap” pass use a high-voltage electrical 
current across a submerged spark-gap electrode 
(spark plug). The resulting discharge creates a 
high-energy shock wave front that is focused into 
the target tissue with a semi-ellipsoid reflector. 
Electrohydraulic sources typically have the largest 
focus size of the shock wave technologies.

2. Electromagnetic sources are based on the prin-
ciples of electromagnetic induction, in which the 
rate of change of magnetic flux inside a coil deter-
mines the current. Here, a metallic membrane is 
placed opposite a coil, and electromagnetic forces 
cause the membrane to accelerate away from the 
coil, which generates the acoustic pulse. 

There are two types of electromagnetic systems, 
flat coils and cylindrical coils, which affect how the 
wave is focused. Currently, cylindrical-coil systems 
are the preferred system because of the large ap-
erture of the shock wave source compared to the 
focal zone which allows for a less painful transfer 
of energy into the body as well as a more consis-
tent delivery of energy per pulse. 
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3. Piezoelectric sources form acoustic waves 
based on the piezoelectric effect, which describes 
the ability of certain materials to create an elec-
tric charge when mechanical stress is exerted on 
them. With this approach, a high voltage pulse is 
applied to submerged piezoelectric crystals, which 
expand and generate a low-pressure pulse in the 
surrounding water. This is the only self-focusing 
method, and it produces the smallest focus size. 

Each of these platforms generate the spark in 
water, which has an acoustic impedance that is 
similar to biological tissue. This minimizes energy 
loss at the interface, and wave propagation into 
the body is facilitated. However, electrohydraulic 
sources create the shock wave immediately after 
the spark-gap, while electromagnetic and piezo-
electric generators produce the focused shock 
wave in the focal region.

Focused Shock Wave Propagation

In F-SW applications, focused shock waves are 
generated in water and transmitted to the tissue 
via a dry-coupling system. Because water and 
tissue have similar impedances, focused shock 
waves propagate with little loss of energy. How-
ever, ultrasonic gel is used as a coupling agent to 
eliminate air between the skin and the treatment 
head, otherwise energy transfer will be inhibited. 

An understanding of shock wave propagation be-
comes important when considering how a shock 
wave will interact with a targeted surface. In the 
case of Dr. Chaussy’s lithotripsy, a dramatic dif-
ference existed between the acoustic impedance 
of water and the kidney stone, which blocks wave 
propagation. It is this difference in impedance 
that gives acoustic waves the power to pulverize 
kidney stones. 

When a shock wave propagating in water hits a 
surface with a very different impedance, e.g. a 
kidney stone, the wave is slowed substantially. 
Subsequent shock waves arrive too quickly for the 
first wave to dissipate, and pressure on the stone 
increases, causing internal stress and microcrack 
development. In addition, the dramatic pressure 
drop that is associated with each wave generates 
vapor-filled cavitation bubbles that implode vio-
lently, directing intense secondary shockwaves to-
wards the stone. Over time, these acoustic shock 
waves are sufficient to break up kidney stones.

So, if focused shock waves can break stones, why 
are they safe for use on tissues? A key reason is 
because the propagating media (water and tis-
sue) have similar acoustic impedances, so a shock 
wave can move from one into the other with rela-
tive ease and continue to propagate unhindered. 
Focused shock wave (F-SW) can safely propagate 
acoustic energy to a focus as deep as 200 mm un-
der the skin [4]. In addition, energy levels used in 
ESWT are much less than for lithotripsy. 

Radial Pressure Waves
Like focused shock waves, radial pressure waves 
are sound waves. However, rather than abrupt bi-
phasic pressure disturbances, pressure waves are 
characterized by an oscillating pressure gradient 
with a much smaller amplitude and a much longer 
duration. Although normal pressure waves don’t 
have the same intensity level as shock waves, they 
are still able to produce cavitation bubbles at an 
interface [5]. 

Radial Pressure Waves

Oscillating sound waves that propagate outwards 
from a focus are called radial pressure waves. 
While focused shock waves target deeper tissues, 
radial pressure waves are most effective on su-
perficial tissues (up to 50 mm). 
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Simplicio et al. Extracorporeal Shock Wave Therapy Mechanisms in Musculo-
skeletal Regenerative Medicine. Journal of Clinical Orthopaedics and Trauma, 
2020. https://doi.org/10.1016/j.jcot.2020.02.004

Radial Pressure Wave Generation

Radial pressure waves are generated by way of 
pneumatic acceleration of a projectile that is 
accelerated towards an applicator/transmitter. 
Upon impact at the refractory point (the surface 
of the skin), ballistic energy in the form of a spher-
ical acoustic pressure wave is propagated radially 
through the target tissue. 

Radial Pressure Wave Propagation

Radial pressure waves lack the explosive, non-lin-
ear qualities of focused shock waves, so they fol-
low the inverse square law (1/r2), which says that 
when a linear wave is twice as far from its source, 
it will have half the amplitude. Consequently, the 
highest energy levels delivered by radial pressure 
waves are at the surface of the skin.

Approaches to Shock Wave 
Focused shock waves and radial pressure waves 
use varying forms of acoustic energy respectively 
to promote healing. Focused shock waves target 
deeper sited pathologies (soft tissue or bone), 
while radial pressure waves target larger, more 
superficial areas.

Use of either focused shock wave or radial pres-
sure wave treatments have consistently demon-
strated remarkable results, and anecdotal data 
on the use of combined shock and pressure wave 
treatments demonstrate that they deliver comple-
mentary results and improved clinical outcomes.
 
F-SW and R-PW are also readily combined with 
other treatment modalities, including laser ther-
apy, ultrasound, platelet-rich plasma (PRP) and 
other regenerative therapies, and physical thera-
py. Ideally, F-SW/R-PW will be introduced early in 
the continuum of care and not left as a last resort 
to surgery, but people often report significant 
improvements in pain and function even when 
F-SW/R-PW is introduced later in treatment. Since 
F-SW/R-PW is a non-invasive procedure with little 
to no downtime and no adverse side effects, it is 
an ideal way to augment current clinical practices 
and enhance outcomes.

Mechanisms of Action

The mechanisms of action of focused shock waves 
are becoming clear, and a great deal of molecular 
and biochemical evidence supports the impres-
sive effects of F-SW on diverse healing processes. 
Both focused shock waves and radial pressure 
waves exert their effects via propagation of sound 
waves through biological tissues. While there are 
differences in their mechanisms and effects, they 
share key characteristics. 

A framework for understanding the mechanisms 
of action of focused shock wave has been pro-
posed to include four phases [6]:

1. The Physical Phase

The physical phase is characterized by energy 
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transfer from propagating acoustic waves to bi-
ological tissues [7]. Two forces are particularly 
important: tensile forces and shear stress. Ten-
sile forces affect cellular morphology, activating 
mechanotransduction pathways and increasing 
cell permeability. Shear stress induces shedding 
of cargo-rich membrane-bound extracellular ves-
icles, which act in both autocrine and paracrine 
fashion to affect downstream signaling.

2. The Physicochemical Phase

Vesicles released during the physical phase are 
endocytosed, stimulating release of adenosine 
triphosphate (ATP) and diffusible radicals and up-
regulating multiple signaling pathways.

3. The Chemical Phase

Activation of signaling pathways alters ion chan-
nel function and increases calcium mobilization.

4. The Biological Phase

Biochemical signaling cascades drive myriad bio-
logical responses, including angiogenesis, tissue 
and nerve regeneration, osteogenesis, analgesia, 
reduced inflammation, chondroprotection, and 
neuroprotection.

Angiogenesis

Hatanaka et al. Molecular mechanisms of the angiogenic effects of low-energy 
shock wave therapy: roles of mechanotransduction. Am J Physiol Cell Physiol 

2016 https://journals.physiology.org/doi/pdf/10.1152/ajpcell.00152.2016

One of the most well understood shock wave 
mechanisms underlies angiogenesis (sprouting 
off of existing vessels) and vasculogenesis (de 
novo vessel formation). Using the 4-stage ap-

proach outlined above, focused shock wave and 
radial pressure waves promote angiogenesis in 
the following manner:

Physical phase: Focused shock waves or radial 
pressure waves induce capillary shear stress and 
tensile forces, which activate mechanotransduc-
tion signaling pathways in endothelial cells via ca-
veolin-1 and α2β1-integrin [8].

Physicochemical phase: Caveolin-1 and α2β1-in-
tegrin-induced ATP release activates biochemical 
signaling pathways via Piezo1 channel-dependent 
mechanoregulation and activation of purinergic 
P2X7 receptors [9].

Chemical phase: Endothelial nitric oxide 
synthase (eNOS) leads to nitric oxide (NO) 
generation.

Biological phase: NO activates the PI3K/Akt 
pathway, which upregulates vascular endothelial 
growth factor (VEGF) and its receptors VEGFR1 
and VEGFR2, leading to angiogenesis and 
vasculogenesis [10, 11]. 

Notably, focused shock wave or radial pressure 
wave-induced VEGF signaling depends on eNOS 
activation of VEGF, which further upregulates 
eNOS signaling, illustrating the complexity of 
signaling pathways. 

Osteogenesis

Evidence has shown that focused shock wave 
stimulates bone lacunae-canalicular networks, 
which promotes osteogenesis, increases bone 
strength, and enhances cortical bone formation 
[7]. Osteogenesis and angiogenesis share several 
common pathways, most notably VEGF, and stud-
ies of F-SW-induced osteogenesis reliably find in-
creased neovascularization in bone structures [12]. 
The biological phase of F-SW-induced osteogene-
sis is driven by ATP-induced activation of the p38 
MAPK pathway, which upregulates key osteogenic 
factors including BMP-2 and RUNX2 [13-15]. 

Immunomodulation

Macrophage phenotype is an important regulator 
of immune function, with the pro-inflammatory 
M1 phenotype acting to restrict cell proliferation, 
and the anti-inflammatory M2 phenotype pro-
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cytokines and growth factors. One study found 
that ESWT shifts macrophages from the M1 to the 
M2 phenotype [16]. In addition, ESWT upregulates 
activity of the immunomodulatory toll-like recep-
tor 3 (TLR3), which promotes wound healing and 
protects against atherosclerosis [17-19].

Analgesia

F-SW and R-PW induced analgesia involves re-
ductions in the pro-analgesic and pro-inflamma-
tory molecules substance P (SP) and calcitonin 
gene-related peptide (CGRP), however, research 
remains ongoing to clarify the mechanism [20]. 
Two hypotheses have been proposed to describe 
F-SW-induced analgesia [7]: Degeneration of nerve 
fibers from small immunoreactive neurons, and 
hyperstimulation of the descending inhibitory sys-
tem (conditioned pain modulation).

Applications of Focused Shock 
Wave (F-SW) and Radial Pres-
sure Wave (R-PW)
The diverse biological effects of both focused 
shock wave and radial pressure wave are large-
ly related to upregulating activity in regenerative 
pathways. Taken together, data support a mod-
el where tissues respond to F-SW/R-PW as if an 
acute injury had occurred. Consequently, healing 
processes can be initiated without an acute injury.
New applications for both F-SW and R-PW are be-
ing evaluated all the time, and there are several 
clinical indications with strong supporting evi-
dence for safety and efficacy [1]. 

Important Information for U.S. Customers:
Certain devices and references made herein to specific 
indications of use may have not received clearance or 
approval by the United States Food & Drug Administra-
tion. Practitioners in the United States should first con-
sult with their local CuraMedix representative in order 
to ascertain product availability and specific labeling 
claims. Federal (USA) law restricts certain devices ref-
erenced herein to sale, distribution, and use by, or on 
the order of a physician, dentist, veterinarian, or other 
practitioner licensed by the law of the state in which 
she/he practices to use or order the use of the device.

Calcifying Tendinopathy of the Shoulder

The rotator cuff tendon or subacromial bursa are 
prone to developing painful calcific tendinitis after 
overuse or degeneration. In the past, people who 
did not respond to conservative treatment had 
few alternatives to surgery. However, numerous 
Level-I studies have demonstrated that focused 
ESWT is an effective non-surgical treatment, with 
calcium resorption approaching 90% in some 
studies [21]. 

Lateral epicondylopathy of the shoulder

Focused Shock Wave was approved by the FDA 

in 2002 as a treatment for lateral epicondylopa-
thy. While there are some conflicting data, Level-I 
studies have found significant improvements in 
pain and function at 6 and 12 months [22]. Notably, 
no other treatment methods have proven to be 
consistently reliable for lateral epicondylopathy. 

Greater trochanter pain syndrome

Initial data supporting the use of shock wave for 
greater trochanter pain syndrome suggests that 
it is a more effective treatment option than other 
common interventions [23]. Although the available 
data are limited, some evidence suggests that ra-
dial pressure wave delivers greater improvements 
in pain and function than focused shock wave.

Patellar tendinopathy

Patellar tendinopathy is a challenging disorder 
to manage, and common treatments have incon-
sistent results. Recent research into the efficacy 
of shock wave for patellar tendinopathy has de-
livered promising results, both proving to be safe 
and effective treatment modalities [24]. 

Plantar fasciitis 

Both focused shock wave and radial pressure 
wave have Level-I evidence to support their use 
in treating plantar fasciitis, and the American Col-
lege of Foot and Ankle Surgeons recommended 
in 2010 that F-SW be a non-surgical treatment of 
choice for plantar fasciitis with or without a plan-
tar spur when conservative treatments fail [25]. 

6 curamedix.com

https://www.curamedix.com/


Case Study:
48 yo woman; Primary school teacher 
•	 Chronic, debilitating unilateral heel pain (3 

years)
•	 3 podiatrists, but VAS was still 8/10 at its 

worst, every day

High-energy ESWT under sedation: 

•	 First follow-up (2 weeks): 50% reduction in 
perceived pain

•	 At 3 months: 90% resolution of symptoms 

5 year follow up: 

“…she felt that ESWT had “given her life back.””
•	 Lost 50 pounds
•	 Ran 2 marathons

Achilles tendinopathy

Both insertional and non-insertional (midportion)
Achilles tendinopathies respond well to focused 
shock wave and radial pressure wave,  as has been 
shown by multiple Level-I trials. One randomized 
control trial (RCT) found that radial pressure wave 
is more effective than eccentric loading exercises 
for insertional Achilles tendinopathy 15-months 
after treatment, suggesting the long-term value of 
R-PW treatments [26]. 

Bone non-union

In 1991, Valchanou & Michailov demonstrated 
that focused shock wave had an 84% success rate 
in treating non-unions in 82 patients [27]. Since 
then, focused shock wave has been shown to 
promote osteogenesis and angiogenesis in bone, 
and Level-I and II evidence has demonstrated that 
focused shock wave is as effective as surgery for 
treatment of non-unions. Early results also sug-
gest that F-SW may improve adult osteochondritis 
dissecans [28]. 

Lower back pain

Lower back pain is one of the most common pain 
conditions, and it is notoriously difficult to treat. 
Walewicz et al. recently published the results from 
an RCT showing that radial pressure wave signifi-

cantly reduced lower back pain and improved 
function and range of motion [29]. 

Acute and chronic soft tissue injuries

A 2018 systematic review and meta-analysis of 
10 randomized controlled trials found that fo-
cused shock wave/ ESWT significantly improved 
the healing rate of acute and chronic soft tissue 
wounds 2.73-fold. They found that acute wounds 
healed 3 days faster with shock wave treatment, 
and chronic wounds healed 19 days faster than 
with conventional wound therapy alone [30].

How to Incorporate Shock 
Wave into Your Practice 
Both focused shock wave (F-SW) and radial pres-
sure wave (R-PW) have demonstrated impressive 
efficacy in treatment of various musculoskeletal 
disorders with the added advantage of having little 
to no downtime, meaning patients can get back to 
doing the activities they love. Clinicians appreciate 
the convenience and ease of use associated with 
shock wave, and patients appreciate the immedi-
ate, long-lasting improvements in pain, mobility, 
and functionality. 

Unlike conventional treatment options, shock 
wave provides immediate results without requir-
ing long periods of downtime and/or immobility. 
In addition, shock wave may attenuate pathogen-
esis of musculoskeletal abnormalities, making it a 
promising preventative approach. 

Athletes are a unique demographic that has 
wholeheartedly embraced shock wave treatments 
and sports medicine and interventional pain phy-
sicians are key proponents. Physiotherapists and 
physical therapists are also finding success treat-
ing myofascial trigger points.

F-SW/R-PW can also augment treatments that 
patients are currently familiar with, including la-
ser therapy. Although clinical trials on the effec-
tiveness of combined F-SW/ R-PW and biologics 
(platelet-rich plasma (PRP), Stem Cells & Amniotic 
injections) remain ongoing, preliminary studies 
suggest that they are highly complementary [31]. 
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Economic benefits

In the US, shock wave is typically not reimbursed 
by insurance companies. However, there are sub-
stantial clinical and economic benefits of shock 
wave for both clinicians and patients. Traditional 
interventions including surgery, even if they are 
covered by insurance, often require patients to 
provide thousands of dollars out-of-pocket with 
copay and deductible obligations. 

Elective-pay modalities can be intimidating to pa-
tients. However, studies have shown that shock 
wave is as (or more) effective than surgery for 
plantar fasciitis, and patients often spend less 
money. In fact, one study determined that the pa-
tient’s costs associated with surgery are 5-7 times 
higher than for shock wave, when including lost 
function, productivity and wages during recovery 
[32].

The Future of Shock Wave
Mounting evidence supports the incredible value 
offered by shock waves in overuse injuries and 
pain treatment, and ongoing research is finding 
new ways to use this technology. For example, 
current research is investigating everything from 
neurological pathologies like post-herpetic neu-
ralgia [33] and post-stroke muscle spasticity [34] to 
the use of shock waves in nanomaterial-based 
drug delivery [35]. 

A systematic review and meta-analysis published 
in March 2020 found that focused shock wave (F-
SW) is a valuable treatment option for people with 
diabetic foot ulcers, including intractable and re-
current ulcers [36].

In addition, plastic surgeons and aesthetic derma-
tologists are incorporating shock wave into their 
practices, as mounting evidence shows that this 
treatment tightens, regenerates and rejuvenates 
skin and underlying connective tissues  [37].

The applications of shock wave are vast and con-
tinue to grow. Combined use of focused shock 
waves and radial pressure waves with other treat-
ment modalities like physical therapy, ultrasound, 
biologics, laser and other pain treatments is a very 
exciting area of ongoing investigation.  

New technological innovations, product devel-
opments, indications, protocols, and implemen-
tation strategies are a constant priority, allowing 
medical professionals to focus on optimal patient 
centered outcomes.

Conclusion
Extracorporeal Pulse Activation Treatment 
(EPAT) also referred to as Extracorporeal Shock 
Wave Treatment (ESWT) is evidence-based, evi-
dence-guided and has consistently demonstrated 
that it is a highly safe and effective treatment 
across multi-discipline medicine for a broad 
range of musculoskeletal disorders  conditions 
that affect muscles, tendons, ligaments, fascia, 
bones, joints and other vascular structures.  

CuraMedix is a long-standing and 
proud partner of STORZ Medical with 
more than 20 years of shock wave ex-
perience and offers a complete suite 
of focused shock wave and radial 
pressure wave devices. Made in Swit-
zerland, STORZ Medical is the indus-
try leader in shock wave technology 
development and manufacturing.  

CuraMedix is committed to providing evi-
dence-based and evidence-guided, non-surgical 
regenerative and restorative technologies that 
improve clinical and economic patient 
outcomes. 
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