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/ Prof. Dr Karsten Knobloch

Differential energy levels in neurological ESWT 

The pure and simple truth is rarely pure and never simple.
– Oscar Wilde

Energy as applied in shock wave medicine is described as ‘energy flux densi-

ty’. This is the terminology arrived at following a decade or so of discussions 

among shock wave pioneers, manufacturers and physicists. 

When focused ESWT saw its first lithotripsy application in February 1980, 

energy flux densities of 2–4 mJ/mm2 were used to break up a kidney stone, the 

response sought being a mechanical one. The early electrohydraulic ESWT 

devices used in the pioneering days of bone stimulation in the 1990s provided 

lower intensities with 20 kV (corresponding to 0.25 mJ/mm2), 24 kV (0.35 mJ/

mm2) and 28 kV (0.4 mJ/mm2). In 1990, a report2 noted that the power and 

nociceptive intensity of shock waves generated by the Dornier HM3 extracor-

poreal shock wave lithotripter (SWL) are voltage dependent and suited for al-

gesimetry in a controllable voltage range of 8–30 kV. This study of the fidelity 

of the HM3 as an algesimeter was validated by different methods: 

1. In vitro measurements of shock pressure at voltages between 14 and 30 kV,  

recorded by a force transducer at the point of clinical focus;

2. Unanaesthetized volunteer (n = 5) assessment with visual analogue scale 

(VAS) pain scores, applying shocks in the range of 10–24 kV, yielding highly 

significant correlations between blinded randomized shock voltage (r = 0.88) 

and VAS scores (r = 0.84);

3. Voltage-tolerance curves generated from 33 patients – all of them class 1 

or 2 under the ASA (American Society of Anesthesiologists) physical status 

classification system – receiving SWL treatment under epidural analgesia with 

0.125 % bupivacaine, augmented with a bolus epidural dose of 100 μg fentanyl 

if pain arose during treatment. Voltage tolerance was increased by 50 % after 

Fig. 1. Energy flux density (ED) 
as a measure of energy level in 
focused ESWT.ED (Energy flux density) = E/A = 1/Z ∫ p2(t)dt
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an epidural bolus of 100 μg fentanyl (P < 0.001). The respiratory consequences 

of epidural fentanyl were assessed by changes of respiratory rate and rhythm 

recorded from capnographic tracings of expired carbon dioxide. This study 

indicates that the Dornier HM3 system provides a valuable opportunity to 

conduct precise, quantitative measurements of induced deep truncal pain, as 

well as of the effectiveness of analgesic interventions directly applicable for 

the safe management of acute pain.

A review of the literature on urological shock wave treatment reveals that low-

energy ESWT (or low-intensity ESWT, known as Li-ESWT)3,4,5 was introduced in 

2010 for erectile dysfunction. ‘Low-energy ESWT’ is notable for being a term 

with no clear-cut definition. Some urologists define Li-ESWT as involving 10 % 

of typical energy levels in lithotripsy, which corresponds to 0.2–0.4 mJ/mm2 6. 

In the currently available literature, energy levels < 0.5 mJ/mm2 are often cate-

gorized as Li-ESWT: this contrasts greatly with the situation in musculoskeletal 

and neurological ESWT, which should be taken into account when considering 

these definitions. Over the past four decades, energy flux densities applied 

have progressively decreased, while a more regenerative tissue response has 

been acknowledged for several tissues treated by ESWT (Figure 2).

While focused ESWT systems deliver shock waves at all the above energy  

levels, radial pressure wave therapy operates on a low to medium energy scale 

only (Figure 3). 

In 2019, I developed the idea of another category: ‘nano-energy’ or ‘very low 

energy’. With a focused device, this corresponds to 0.01–0.05 mJ/mm2, and 

with a radial pressure wave system it corresponds to 0.3–1.0 bar (Figure 4). This 

idea was prompted by the clinical observation that patients suffering from car-

pal tunnel syndrome (CTS) feel sensations even at focused energy levels as low 

as 0.01–0.02 mJ/mm2. (In my personal opinion, therapy at these levels was for-

merly believed to be no more than a kind of placebo treatment.) Furthermore, 

following up this clinical observation and studying the literature with particular 

regard to the energy levels applied, it appeared that – for a number of indica-

Fig. 2. 
High energy flux densities (EDs) 
lead to a mechanical response 
as in lithotripsy, while lower 
energy flux densities lead to a 
regenerative response in the 
tissue treated.

To overcome these discrepancies, the energy flux density 

values applied (in mJ/mm2) should also be emphasized, as 

should the number of pulses and total energy administered 

in joules (J).

Differential energy levels in neurological ESWT 

Fig. 3. 
Conventional distribution, in 
ESWT, of low (< 0.1 mJ/mm2), 
medium (0.12–0.25 mJ/mm2) 
and high (>0.25 mJ/mm2) energy 
levels, the latter being possible 
with focused ESWT only.

Conventionally, focused energy levels in shock wave medicine of the musculo-

skeletal system have been differentiated into:

| low energy (usually < 0.1 mJ/mm2);

| medium energy (0.12–0.25 mJ/mm2);

| high energy (> 0.25 mJ/mm2).
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tions such as peripheral nerves, the skin and spasticity – these very low, nano-

energy levels were approved as being clinically effective when used.

In 1996, Henning Lohse-Busch presented a poster depicting his landmark pi-

lot work on spasticity. It described treatment in children with cerebral palsy 

at energy levels of 0.012–0.024 mJ/mm2, which falls under the category ‘na-

no-energy’ or ‘very low energy’ ESWT. In one of their later (2005) papers on 

spasticity, Manganotti and Amelio3 describe using a STORZ MEDICAL MODU-

LITH® SLK on the forearm muscle. Treatment involved a single session, with 

1,500 shots applied at 0.03 mJ/mm2, and the beneficial effect observed was 

prolonged. 

Fig. 4.  
Novel idea of nano-energy 
ESWT (0.01–0.05 mJ/mm2), 
corresponding to radial 
pressure wave levels of 
0.3–1.0 bar for a more detailed 
description of energies applied. 

However, this idea relating to the mechanosensitivity of a given tissue is only 

part of the story. Peter Moortgat and I are currently examining the experi-

mental literature that studies pathways involved in the mediation of ESWT 

action; we are taking a closer look at the differential activation / modulation 

of signalling pathways depending on energy flux density. The following would 

appear to be the case: that the nano-energy level (0.01–0.03 mJ/mm2) activa-

tes macrophages; that the low energy level (0.1 mJ/mm2) activates the trans-

forming growth factor (TGF) beta 1 and Smad signalling pathways; and that, 

at medium to high energy levels, the fibroblast viability / growth and the Yes-

associated protein/transcriptional co-activator with PDZ-binding motif (YAP/

TAZ) pathways are affected (Table 1).

Fig. 6. 
Mechanosensitivity of skin, 
muscle and bone to external 
physical stimuli in relation to 
clinically relevant energy levels 
when treating skin, muscle and 
bone with ESWT.

Differential energy levels in neurological ESWT 

Thus, I believe the energy levels applied at which therapy is clinically effective 

differ depending on tissue type (Figure 5). 

One possible explanation relates to the different mechanosensitivity of dif-

ferent tissues. Skin, for example, is a highly mechanosensitive tissue (with 

mechanosensitivity of 25 %), greatly contrasting with that of muscle (7 %) and 

bone (only 1 %) (Figure 6). Graphically juxtaposing the mechanosensitivity of 

a given tissue and the clinically successful energy levels for this tissue shows 

that the highly mechanosensitive skin requires only nano-energy (i.e. very low 

energy) ESWT for a clinical response, whereas bone – being less mechanosen-

sitive – requires high energy levels (Figure 6).

Fig. 5.  
Energy flux densities needed  
to obtain a biological response 
in different tissues (2021 data).
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