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« TTapoépola pe To KATAYHA 0€ OTTIOIOONTIOTE €UOPAUCTO
AVTIKEIUEVO

« AnpioupyoUvTai HiIKpEC pWYHEC O€ onyEia oTa oToid To
stress TwWv KpoUOTIKWY KUPATWYV Cetrepvd £va KPITIKO
oplo.

* H ouoowpeuon auTwy TWV pWYHWYV odnyei aTov
KATAKEPHATIONO Tou AiBou

Rassweiler et al Eur Urol 2011

{lg: Skolarikos A. Athens Medical School



Tear and shear forces

Hypothesis Mechanism Prerequisites Tvpe of action Comments

Tear and shear forces [1] Pressure gradients resulting Shock wave smaller in Hammer-like action Only relevant for
from 1mpedance changes at space extension than the  resulting m a crater-like small focus zones
the stone front and distal stone fragmentation at both
surface with pressure ends of the stone
Mmversion
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Hvpothesis Mechanism Prerequisites Tvpe of action Comments
Spallation [9] Reflected tensile wave at Shock wave smaller 1n Breaking the stone from  Only relevant for
distal surface of the stone space extension than the  the inside like freezing small focus zones No
with maximum tension at the  stone water in brttle material explanation for stone
distal part of the stone breakage at the front
- side
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Hypothesis Mechanism Prerequisites Type of action Comments

Quasi-static squeezing [11]  Pressure gradient between Shock wave 1s broader Nuteracker-like action Only relevant for large
circumferential and than the stone Shock requiring large focal focal zones
longitudmmal waves results in~ wave velocity 1s lowerin  diameters
squeezing of the stone the water than in the

stone
- - o T " R . A

"squeezing” or
_ circum ferantial
~ compression

. iImMemal pressure
zZone

~ stone
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Hypothesis Mechanism Prerequisites Tvpe of action Comments
Cavitation [10] Negative pressure waves Low viscosity of Microexplosive erosion More important during
mduce a collapsing cavitation  surrounding medium at the proximal and distal  stone comminution
bubble at the stone surface ends of the stone Useful for improving
the efficiency of shock
waves (1, EHL)
D
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Hypothesis Mechanism Prerequisites Type of action Comments

Dynamuc squeezing [12] Shear waves mitiated at the Parallel travelling of Nutcracker-like actionin ~ Best theory to explamn
corner of the stone are longitudinal waves combmation with results of the
reinforced by squeezing Shock wave velocity 1s spalling numerical model
waves along the calculus lower in the water than

m the stone
F Blue = Compression
Red = Tension Absence of tension rules out  Shear waves responsible
Green = Shear contribution from spall for tension

Incident shock wave Shear wave generation at edge of stone
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Relevance of different theories
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Table 3

Models and results of the experimental evaluation of stone fragmentation by shock waves (according to

Sapozhnikov et al.[12]

Mechanism  Model Hypothesis

Stone model/numerical calculation

Spallation ~ Stone length: 8-18 mm  Stone fractures at the same
distance from the distal
end

Block of proximal Stone fracture 15
surface by corprene significantly mhibited
disk

Squeezing  Baffle nnging the Stone fracture 15

proximal end significantly mhibited
Comical shape of the Stone fracture 15 not
stone front inhibited

Block of proxmmal end ~ Stone fracture 15 not
(complete) imhibited

Stone fractures at a third of the way from the distal end dependent on
length

Little difference (30 vs 43 shock waves)
Pressure field sumilar at the last third

Significant nhibition (300 vs 45 shock waves) but reduced stress field
still at the last third

Significant mhibition (200 vs 45 shock waves)

Pressure field reduced because of diffraction

Significant inhibition (212 vs 45 shock waves)
Pressure field reduced because of absorption
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