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Extracorporeal shock waves: From lithotripsy to anti-inXammatory 
action by NO production
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Abstract

At low energy density (0.03 mJ/mm2), extracorporeal shock waves (ESW), originally developed for clinical lithotripsy, have suc-
cessfully been used for anti-inXammatory treatment of soft tissues. Since nitric oxide plays a critical role in inXammation, we
hypothesized for ESW to increase NO production in cells. Using human umbilical vein endothelial cells as a model system, we
observed that ESW, at low energy density, rapidly induced an enhancement of eNOS activity. In these cells, eNOS activity is mod-
ulated by tyrosine- and serine-phosphorylation. ESW shifted eNOS to a less-tyrosine-phosphorylated form, without aVecting its
serine-phosphorylation, thus accounting for its rapid enzyme activation. LPS/IFN-� treatment of human umbilical vein endothelial
cells induced a rapid inhibition of eNOS activity and concomitant NF-�B activation which were eYciently counteracted by ESW
treatment. Therefore, the present results indicate that the molecular mechanism of clinically observed anti-inXammatory action
of ESW should include tyrosine-dephosphorylation of eNOS, a successive increase in NO production and suppression of NF-�B
activation.
©  2004 Elsevier Inc. All rights reserved.
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Shock waves (SW), deWned as a sequence of single
sonic pulses characterized by high peak pressure
(100 MPa), fast pressure rise (<10 ns), and short lifecycle
(10 �s), are conveyed by an appropriate generator to a
speciWc target area with the energy density in the range
of 0.003–0.890 mJ/mm2.

Extracorporeal SW (ESW) therapy was Wrst applied
in patients in 1980 to break up kidney stones [1]. During
the last 10 years, this technique has been successfully
employed in orthopaedic diseases [2] such as pseudo-

arthosis [3], tendinitis calcarea of the shoulder [4,5],
epicondylitis [6], plantar fasciitis [7], and several inXam-
matory tendon diseases. In particular, treatment of the
tendon and muscle tissues was found to induce a long-
time (1–4 months) tissue regeneration eVect [8] besides a
more immediate anthalgic and anti-inXammatory out-
come. Moreover, an increase of neoangiogenesis in the
tendons of dogs was observed after 4–8 weeks of ESW
treatment [9]. Although the biochemical mechanisms
underlying these eVects have to be elucidated yet, clinical
observations indicate an immediate increase in blood
Xow around the treated area.

In the attempt to identify the molecular mechanism
of ESW anti-inXammatory action, we hypothesized
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