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2024 =  Regenerative  Medicine 

Princìpi Biologici e Meccanismi d’Azione delle Onde d’Urto – MC d’Agostino 

1991  =  Urological  Lithotripsy 



MECHANOTHERAPIES .. 

« .. are  active  mechano – interventions that aim to convert 

potentially destructive mechanical effects into costructive  

influences and target normal mechano – adaptation to  

promote recovery .. « 



“ .. Focal Shock Waves and Radial Pressure Waves may have 

 similar and/or synergistic  THERAPEUTIC EFFECTS .. “ 

RPW 

SW 



For the treatment on bones, a high-energy, focused 
shockwave with positioning technology has to be used. 

http://www.ismst.com/start.htm


Spyropoulou A. et alL, Biochim Biophys Acta. 2015 Sep;1852(9):1700-8 

MECHANOTRANSDUCTION 

Describes the Cellular and Molecular Processes Through Which  

Mechanical Stimuli Are Converted into Biochemical Signals  



Mechanical  Model   BIOLOGICAL  MODEL 
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SW could modulate inflammation  
via stimulation of TL-R3 

 
Early  pro-inflammatory 

Late anti-inflammatory response 

Inflammation. 2014 Feb;37(1):65-70. 
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• Changes in cellular membrane permeability 

 

• Production of NO (Nitric Oxide) 

• Stimulation of mitochondria, ATP release 

• Diluition of Substance P (neurotransmitter) 

• Riduction of unmyelinated small nerve fibers 

• Antinociceptive effect (neuropeptides ?!)  
(Othori S et all, 2001, Abed JM, et all, 2007, Klonschinski T et all, 2011)  

 

• Synthesis of Growth Factors (VEGF, BMPs, etc) 

• Angiogenesis & Vasculogenesis  

• Lymphangiogenesis 

• Proliferation, Migration, «Homing» and differentiation of Stem cells 

• MODULATION of  INFLAMMATORY PATHWAYS 

Mechanisms  of  Action 



Defining M1  and  M2 Macrophages 
 

This classification is based upon macrophage polarization 
 

polarization process is dynamic, and cells often display characteristics  
of both states at the same time 

M1  macrophages  
Produce proinflammatory 
cytokines, phagocytize 
microbes,  
and initiate an immune 
response 

M2  macrophages  
are alternatively activated by 
IL-4, IL-10, or IL-13.  
.. wound healing, tissue repair 
and collagen production .. 

Interaction with cells with stem  or progenitor cell 
properties  

is likely an important component of the role of macrophages  

in  repair  and  remodeling 

Source: Tamás Rőszer, “Understanding the Mysterious M2 Macrophage through Activation Markers and Effector 
Mechanisms, 

” Mediators of Inflammation, vol. 2015, Article ID 816460, 16 pages, 2015.  



         SW ON  «IN VITRO» MACROPHAGES INDUCE: 

NO effects on «resting» Macrophages (M0) 

Inhibition of «pro-inflammatory» Macrophages (M1) 

Enhancement of «pro-resolving»  Macrophages (M2) 

Modulation of the «cross – road» between M1 & M2  

                     for regenerative purposes 



   .. without .. 

 

                   ..  BIOLOGICAL  MANIPULATION.. 

«Self – Healing»  enhancement  through  Immuno – Modulation .. 





The results indicate that IVSWT-mediated proliferation changes of LECs are highly energy flux 
density-dependent and LEC 2D as well as 3D migration was enhanced through IVSWT 

The VEGF-C hydrogel was applied to the injury site in a mouse model of lymphedema and then regularly underwent ESWT .. 
Four weeks after the treatment, mice treated with VEGF-C hydrogel and ESWT showed signs of the greatest decrease in 
edema/collagenous deposits when compared with the other experimental group. 
These results suggested that VEGF-C and ESWT had a synergistic effect and were very effective in alleviating the symptoms of 
lymphedema and promoting lymphangiogenesis 

A rabbit ear model of lymphedema was created by disruption of lymphatic vessels. Two weeks after surgery, the 
lymphedematous ear was treated with or without low-energy shock waves .. 
Compared with the control group, shock wave treatment led to a significant decrease in the thickness of lymphedematous ears. 
Immunohistochemistry for VEGFR3 showed the density of lymphatic vessels was significantly increased by shock wave treatment  

SW  &  Lymphangiogenesis 



EFFECTS  of  SW  on the MUSCULAR - SKELETAL SYSTEM 

Bone – Tendon - Muscle 



“ .. SW  in  orthopaedics  are  not  used   

to  disintegrate  tissues,  rather  to  induce  

neovascularization,  improve  blood  supply,  and  tissue  

regeneration ... ”   

                                                                                                                            Wang 

CJ,  2003                 
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INDICAZIONI AL TRATTAMENTO 

Titolo 

O. U. hanno  effetti  POSITIVI  «MULTILEVEL» 

sul  Tessuto  Osseo 

1.  CELLULE  OSSEE 

2.  RIMODELLAMENTO  OSSEO 
     accoppiamento  clasti - blasti 

3.  VASCOLARIZZAZIONE  OSSEA 



2021 
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Repair 

Replace 

Restore 

Regenerate 
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Hackett L, Millar NL, Lam P, Murrell GA 
Are the Symptoms of Calcific Tendinitis Due to Neoinnervation and/or Neovascularization ? 
J Bone Joint Surg Am. 2016 Feb 3;98(3):186-92.  

METHODS:  
At arthroscopy, ultrasound was used to identify calcium within the tendon. Samples were taken from the 
supraspinatus tendon adjacent to the calcific lesion (in the calcific tendinitis group, with ten patients), the torn 
supraspinatus tendon of patients undergoing rotator cuff repair (the rotator cuff tear group, with ten patients), and 
the subscapularis tendon of patients undergoing a stabilization surgical procedure (the control group, with ten 
patients). 

CONCLUSIONS:  

This is the first study to show a significant increase in neovascularization and 

neoinnervation in calcific tendinitis lesions of the shoulder along with an eightfold 

increase in mast cells and macrophages. The findings are consistent with the 

hypothesis that, in calcific tendinitis, the calcific material is inducing a vigorous 
inflammatory response within the tendon with formation of new 
blood vessels and nerves. 



Which  Role  for  SW   

in  Muscular  Pathologies  and  Injuries? 

• Muscle Hypertone in Spasticity of different origin 
    (adults and children) (SW and RPW) 

 
• Myofascial Pain Syndromes 
   (contractures and trigger points) (SW and RPW) 
 

• Localized Ossificans Myositis  
   (post-traumatic ossifications) (SW) 
 
• Injury/Muscle Fibrosis of post-trumatic origin 
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Sports Health. 2014 Jul;6(4):348-55.   
Therapeutic approaches to skeletal muscle repair and healing. 
Danna NR, Beutel BG, Campbell KA, Bosco JA 3rd. 

.. Effective repair of skeletal muscle after severe injury   
   is unlikely to be achieved with a single intervention .. 

.. For full functional recovery of muscle 
there is a need to:  

 
control  inflammation,  

 
stimulate regeneration, 

  
limit fibrosis  .. 

stem 
cells 

myogenic factors 

β-agonists 

..  In tema  di   Lesioni  Muscolari ..    



31 Reduction  of  Pain  Sensitivity  and  Dorsal  Horn  Sensitizazion 



The aim of this study was to investigate changes in cell biology of fibroblasts 
derived from deep/muscular fascia following treatment with ESWs  

 (100 impulses of 0.05 mJ/mm2 at 2.5 Hz) 

 Hyaluronan 

 Collagen I 

 Collagen III 

1 h  4h  24 h 

Duolith SD-1 T-Top 



Pirri C et all, Biomedicines 2022, 10, 1732 

This study indicates that fascial fibroblasts are metabolically “activated” by 
ESWT 



34 
Interesting  Therapeutic  Strategies … 

BIOPHYSICAL 
STIMULATION 

Rehabilitation  
Programs 
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SW   as  “ BIOSURGERY “   

in  Regenerative  Medicine  ?! 

Biological  
Model 

Mechanical  Model 

1. Cardiology 
 

2. Implantology 
 

3. Tissue  Engineering 



.. As  Biological  Processes ..  

                            .. They   takes  time  to  heal .. 

       .. via Mechanotransduction, they: 
 

        - stimulate normal cell functions 

        - induce biological “regeneration” 

        - restore physiological tissue homeostasis 

If correctly applied, according to the   

General SITOD - ISMST Reccomandations  & “Good Clinical 

Practice” rules 

Shockwaves do not damage tissues ..  



Take  Home  Messages   

 Ormai passata la fase «pionieristica»   la ESWT trova indicazione versatile, di per sé stessa 

o anche come «adiuvante», in combinazione con altre terapie, sia conservative che 

chirurgiche 

 In taluni casi puo’ rappresentare valida alternativa all’intervento  chirurgico, o strategia 

terapeutica per gli esiti invalidanti 

 Offre l’interessante vantaggio di poter trattare contemporaneamente  

non solo i tendini, ma anche altre strutture sede di patologia  

ed origine di dolore (osso, muscoli e fasce) 

 La ESWT rappresenta un valido strumento terapeutico ai fini della rigenerazione e 

rimodellamento tissutali  Riabilitazione Rigenerativa 

 E’ necessario  attendere anche diverse settimane, per apprezzare l’effetto terapeutico di 

«rigenerazione» 

.. Work in progress.. 



www.sitod.it  

Grazie per la  

Vostra Cortese 

Attenzione ! 
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