
Shock Wave Medicine: A Transformative Evolution in Modern Medicine

Introduction
Since its inception as extracorporeal shock 
wave lithotripsy in the 1980s, the landscape 
of medical treatment has been revolutionized 
by the evolution of shock wave therapy [1]. 
Over four decades, this therapy, now known 
as extracorporeal shock wave therapy 
(ESWT), has emerged as a cornerstone in 
modern medicine, redefining treatment 
paradigms across various medical disciplines 
[2]. Its non-invasive nature coupled with a 
multitude of advantages, including reduced 
tissue damage, expedited pain relief, and 
lower risk, has propelled shock wave therapy 
beyond its initial confines of urinary calculi 
treatment [3].
What started as a breakthrough in urology 
has now permeated multiple specialties 
including cardiology, orthopedics, pain 
management, and even aesthetic medicine. 

The efficacy of shock wave therapy in 
addressing conditions such as osteonecrosis 
of the femoral head, and many other 
musculoskeletal disorders has marked it as a 
standard and, in some cases, routine 
treatment option [4]. It is crucial to recognize 
that ESWT has evolved beyond a therapeutic 
modality; it has become a distinct discipline 
— shock wave medicine — that plays a 
pivotal role in diverse medical domains. The 
following sections will delve into the 
opportunities, challenges, and diverse 
applications of shock wave medicine across 
various medical disciplines.

W h a t  a r e  t h e  O p p o r t u n i t i e s  a n d 
Challenges of Shockwave Medicine in 
Healthcare?
As shock wave therapy continues to advance 
with ongoing research and technological 

innovation, its future in healthcare appears 
exceedingly promising. The relentless 
expansion of its applications underscores its 
potential to revolutionize patient care across 
diverse clinical domains [5]. With its proven 
efficacy and ongoing advancements, ESWT 
stands poised to further elevate health-care 
standards, offering safe, cost-effective, and 
efficient solutions for an array of medical 
conditions.
Certainly, despite the promising outcomes 
witnessed in various medical conditions such 
as musculoskeletal disorders, wound healing, 
urinary calculi, and erectile dysfunction 
(ED), it is crucial to acknowledge that shock 
wave therapy’s relatively short clinical tenure 
necessitates a cautious approach. While its 
e f f e c t i v e n e s s  h a s  b e e n  r e p e a t e d l y 
demonstrated, establishing industr y-
standard protocols through large-scale, 
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Since its inception as extracorporeal shock wave lithotripsy in the 1980s, the landscape of medical treatment has been revolutionized by the 
evolution of shock wave therapy. Over four decades, this therapy, now known as extracorporeal shock wave therapy (ESWT), has emerged as a 
cornerstone in modern medicine, redefining treatment paradigms across various medical disciplines. Certainly, despite the promising 
outcomes witnessed in various medical conditions such as musculoskeletal disorders, wound healing, urinary calculi, and erectile dysfunction, 
it is crucial to acknowledge that shock wave therapy’s relatively short clinical tenure necessitates a cautious approach. While its effectiveness has 
been repeatedly demonstrated, establishing industry-standard protocols through large-scale, prospective randomized controlled trials remains 
imperative to solidify its standing in medical practice.
The integration of Artificial Intelligence technology holds significant promise for the future of shockwave medicine, enabling personalized 
treatment plans, real-time feedback, and improved cost-effectiveness.
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prospective randomized controlled trials 
remains imperative to solidify its standing in 
medical practice [6].
Given its broad application across diverse 
fields, defining precise indications and 
contraindications for each treatment domain 
demands comprehensive, time-intensive 
research. Robust clinical studies are essential 
to facilitate evidence-based evaluations 
regarding ef f icac y,  potential  adverse 
reactions, and long-term prognosis across 
different diseases.
Moreover, the ambiguity surrounding the 
specific action mechanisms of shock waves, 
variations in treatment parameters, and 
methodologies pose ongoing challenges. 
R esolv ing these  intr icac ies  requires 
concerted efforts in scientific inquiry and 
collaboration among multidisciplinary 
experts. Addressing these issues is pivotal in 
refining the therapeutic approach and 
maximizing the therapy’s potential benefits 
while minimizing risks.
As the medical community delves deeper 
into the nuances of shock wave therapy, 
investing in extensive research endeavors and 
collaborative initiatives will be crucial in 
unraveling its full potential and establishing 
standardized, evidence-based practices 
across various medical realms.
The efficacy and safety of ESWT have 
garnered confirmation across several medical 
disciplines. Numerous clinical studies have 
underscored its potential in accelerating 
wound healing , although the precise 
biological mechanisms remain partially 
understood. Investigations suggest that 
shock waves trigger the release of ATP from 
mesenchymal stem cells, activating purine 
receptors and subsequently enhancing cell 
proliferation through the Erk1/2 signaling 
pathway [7].
Evidence from prospective randomized 
control led studies suppor ts  ES W T ’s 
effectiveness in treating non-union, lower 
limb ulcers in diabetic patients, showcasing 
its capacity to expedite ulcerated skin healing 
[8]. Combining ESWT with bone marrow-
derived endothelial progenitor cells has 
exhibited promise in severe limb ischemic 
necrosis treatment in animal experiments. 
Moreover, its application has demonstrated 
accelerated healing in burned skin by altering 
local blood perfusion and stimulating blood 
circulation. Clinical trials have indicated that 
E S W T  a c c e l e r a t e s  e p i t h e l i a l  c e l l 

regeneration in superficial second-degree 
burn wounds, even showing therapeutic 
effects in severe burn cases by enhancing 
blood perfusion, promoting growth factor 
release, mitigating inflammatory responses, 
and expediting wound healing [9].
Beyond wound healing, ESWT has exhibited 
potential in post-burn scars treatment and 
reducing ischemia-reperfusion injuries in 
flaps. Its ability to upregulate angiogenesis-
related factors, facilitate neovascularization, 
and decrease early-stage inflammatory 
responses contributes to increased flap 
survival rates [10]. Notably, preemptive use 
of ESWT before surgery also demonstrates 
preventive effects against flap necrosis.
In addressing ED, low-energy ESWT has 
emerged as a hopeful avenue [3]. Studies on 
diabetic ED rats suggest that this therapy may 
enhance erectile function by accumulating 
and activating endogenous stem cells in the 
penile cavernosum. Mechanistically, low-
energy shock wave therapy has shown 
potential in repairing pathological changes in 
the corpus cavernosum of diabetic rats, 
thereby improving erectile function. While 
both animal experiments and clinical 
outcomes showcase promising efficacy, 
challenges persist, including the need for 
longer-term evaluation of efficacy, refining 
treatment protocols, and ensuring long-term 
safety monitoring [11, 12].
Moreover, low-energy shock wave therapy 
has demonstrated efficacy in chronic pelvic 
pain syndrome treatment, offering a non-
invasive, anesthesia-free option. Controlled 
trials have revealed significant improvements 
in pain and quality of life among patients 
u n d e rgo i ng  l ow- e n e rg y  s h o c k  w av e 
treatment for chronic pelvic pain syndrome 
compared to controls, further highlighting its 
potential in pain management and improving 
patient outcomes [13].
The quest to mitigate rejection reactions and 
induce tolerance post-tissue transplantation 
is crucial for ensuring graft sur vival. 
Intriguingly, studies indicate that low-energy 
shockwave therapy administered after rat 
hind limb allografts could delay rejection 
occurrences, hinting at its potential to induce 
immune tolerance [14]. While promising, 
the precise mechanisms underlying this 
phenomenon warrant further investigation 
to realize its clinical significance fully [15].
In  recent  year s ,  b o t h  d o m est i c  an d 
international research has highlighted the 

eff icac y of extracorporeal shockwave 
myocardial revascularization (ESMR) 
treatment. This approach demonstrates 
promise in promoting vascular regeneration 
within ischemic tissues, expediting collateral 
circulation establishment, and ameliorating 
symptoms of ventricular remodeling and 
c h r o n i c  my o c a r d i a l  i s c h e m i a  p o s t -
myo c ard ia l  i n f arc t i o n  [ 1 6 , 1 7 ] .  Th e 
shockwave’s short-term impact on ischemic 
sites within coronary heart disease showcases 
immediate vascular dilation and long-term 
promotion of vascular regeneration, yet its 
exact mechanism remains elusive.
Studies have proposed that shockwaves 
induce cavitation effects within tissue cells, 
generating microairflows or breakages and 
creating shear forces that lead to subcellular 
structural changes [18]. These changes 
potentially trigger local angiogenesis by 
upregulating endothelial NO synthase, 
VEGF, its receptors, cell antigens, and bone 
marrow-derived endothelial progenitor cells. 
Consequently, this process improves blood 
perfusion in ischemic areas, ultimately 
enhancing stroke volume and cardiac output. 
With mounting evidence, ESMR emerges as a 
promising non-invasive cardiovascular 
therapy, poised to revolutionize treatment 
strategies in this domain [19-21].
The potential application of shockwave 
therapy in orthopedics for osteoporosis 
treatment has garnered attention due to its 
success in managing bone nonunion and 
delayed healing of fractures. Osteoporosis, 
characterized by declining bone density and 
quality, significantly heightens the risk of 
bone fragility and fractures, particularly in 
elderly and postmenopausal women [22, 23]. 
At present, osteoporosis management relies 
on medications, nutrition, and lifestyle 
improvements, but issues such as extended 
treatment  per iod s ,  h igh costs ,  poor 
compliance, and adverse drug reactions 
persist.
ESWT emerges as a promising method that 
has demonstrated the ability to stimulate 
osteogenesis, neovascularization, and bone 
tissue growth in treating various bone 
conditions such as non-union, delayed 
fracture union, and Osteonecrosis of femoral 
head [24]. This therapy presents a novel 
avenue for both treatment and prevention of 
osteoporotic fractures.
Recent studies using rabbit models of 
osteoporosis revealed that ESWT promotes 
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osteoblast formation, reduces bone mass loss, 
increases bone trabeculae count, and elevates 
endogenous SMAD2 protein expression, 
suggesting ESWT’s potential in promoting 
osteoblast maturation through the TGF-
b/SMAD2 pathway [25]. Moreover, a 
prospective randomized controlled trial on 
postmenopausal osteoporosis patients 
showed that concurrent use of alendronate 
sodium with varying energy flow densities of 
ESWT significantly improved hip bone 
mineral density, especially with higher 
energ y f low density (0.28 mJ/mm2) 
showing superior outcomes compared to 
lower energy flow density (0.15 mJ/mm2) 
[26]. This indicates ESWT’s potential to 
swiftly enhance femoral neck bone status and 
prevent osteoporotic fractures.
Despite these promising findings, various 
aspects of ESWT for osteoporosis treatment 
remain contentious, including optimal 
dosages for different indications. Extensive 
clinical trials and evidence-based medical 
data are warranted to further elucidate and 
standardize ESW T’s role in managing 
osteoporosis [27]. However, given its non-
invasive nature, convenience, reduced pain, 
an d  p ro m p t  res p o nse,  E S W T  h ol d s 
significant clinical promise for osteoporosis 
prevention and treatment, potentially 
evolving into a routine therapeutic approach 
in the near future.

The impact of Artificial Intelligence (AI) 
on the Future of Shockwave Medicine
The integration of AI technology into 
shockwave medicine holds immense 
potential for transforming the diagnosis and 
treatment of conditions such as osteonecrosis 
of the femoral head. The AI era has ushered in 
a new wave of innovation, leveraging cutting-
edge technolog ies  l i ke  big  data  and 
blockchain to elevate medical health, reshape 
the health-care system, and advance the 
medical industry significantly [28, 29].

Evolution of treatment modes
In the AI era, the conventional reliance on 
face-to-face consultations is expected to 
diminish. Cloud or internet platforms will 
enable healthcare providers to access diverse 
and multimedia patient health information, 
paving the way for more diverse and efficient 
treatment approaches.
Collaborative treatment approach
The treatment approach in shockwave 

medicine will no longer be confined to a 
single doctor or hospital. Instead, AI-based 
decision-making and big data-driven insights 
will play a pivotal role. AI assistants may 
operate new shockwave instruments, 
following pre-set parameters based on 
patient condit ions to ensure precise 
diagnosis and treatment.

Transformation of follow-up methods
Traditional manual follow-ups will undergo a 
significant transformation in the AI era. 
Online-based diagnostics and cloud services 
will become the norm, where AI assistants 
ensure continuous and location-independent 
follow-ups during postoperative care and 
rehabilitation.

Enhanced cost-effectiveness
AI technology is poised to improve the 
eff iciency and accuracy of healthcare 
processes, leading to a reduction in costs. 
Tasks such as image analysis and data 
recording can be automated with AI, freeing 
up health-care professionals to focus on more 
complex tasks.

Improved patient experience
AI technology will contribute to enhancing 
the overall patient experience. Personalized 
treatment plans, developed through the 
analysis of patient data, and real-time 
feedback during treatment will become 
standard practices. This personalized 
approach ensures that patients receive the 
most effective treatment tailored to their 
individual needs.
As AI technology continues to advance, the 
future of shockwave medicine holds promise 
for further innovative applications. The 
seamless integration of AI into diagnosis and 
treatment processes is not only expected to 
improve medical  outcomes but  a l so 
revolutionize the entire patient care journey.

Future Challenges in Shockwave Medicine 
Warrant Consideration
Future challenges in shockwave medicine 
warrant careful consideration to ensure the 
seamless integration of AI technologies and 
advancements [30]. Addressing these 
challenges will be crucial for the sustained 
growth and efficacy of shockwave diagnosis 
and treatment.

Leadership and specialization

Defining the primary role within shockwave 
diagnosis and treatment presents a critical 
challenge. The field requires clarity on 
whether leadership should be led by 
orthopedic surgeons, pain specialists, or 
through the establishment of dedicated 
shockwave units. Achieving consensus on 
leadership and specialization will be vital for 
streamlining processes and optimizing 
patient outcomes.

Disease-specific treatment
The diverse nature of medical conditions 
treated with shockwave therapy introduces 
challenges in developing standardized 
treatment  approaches.  Var iat ions  in 
treatment courses and efficacy across 
different indications pose constraints on the 
interdisciplinary development of shockwave 
medicine. Future research and collaborative 
efforts must be directed toward tailoring 
treatments for specific diseases, ensuring 
optimal effectiveness.

Professional training
The integration of AI into shockwave 
medicine necessitates a paradigm shift in 
professional training. Establishing systematic 
training programs for doctors becomes 
imperative, incorporating interdisciplinary 
education platforms. Continuous learning 
opportunities will be essential to keep health-
care professionals abreast of the evolving 
landscape, ensuring proficiency in leveraging 
AI technologies for diagnosis and treatment.
As shockwave medicine advances, addressing 
these challenges will be instrumental in 
maximizing the benefits offered by AI. A 
c o n c e r t e d  e f f o r t  f r o m  h e a l t h - c a r e 
professionals, educators, and policymakers is 
required to navigate these challenges 
successfully, fostering a robust and adaptive 
framework for the future of shockwave 
medicine. In addition, gaining patient trust 
and recognition across diverse diseases 
remains a key consideration for shockwave 
medicine’s stability and acceptance. Despite 
present challenges, ongoing scientific 
progress and extensive research endeavors 
are expected to steer shockwave medicine 
toward maturity, making it an increasingly 
advantageous treatment across multiple 
disciplines and fields in the future [31].

Conclusion
Shockwave medicine has evolved from a 
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treatment for urinary calculi to a versatile 
medical intervention with a wide range of 
a p p l i c at i o n s .  Th e  i n te g rat i o n  o f  A I 
technology holds significant promise for the 
future of shockwave medicine, enabling 
personalized treatment plans, real-time 
feedback, and improved cost-effectiveness. 

However, challenges such as defining 
leadership roles, tailoring treatments for 
specific diseases, and establishing systematic 
professional training programs need to be 
addressed. Collaborative efforts are essential 
for the continued evolution and effectiveness 
of shockwave medicine across different 

medical areas. With continued research, 
te c h n o l o g i c a l  a d v a n c e m e n t s ,  a n d  a 
commitment to addressing challenges, 
shockwave medicine is poised to become an 
even more impactful field in healthcare, 
offering effective solutions for a range of 
medical conditions.
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