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Internatiqnal Standard IEC 63045 has been prepared by IEC technical comn
Ultrasonifs.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ULTRASONICS — NON-FOCUSING SHORT PRESSURE
PULSE SOURCES INCLUDING BALLISTIC

PRESSURE PULSE SOURCES - CHARACTERISTICS OF FIELDS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization

comprising

all natidnal electrotechnical committees (IEC National Committees). The object of IEC is to promote.if

consensus of opinion on the relevant subjects since each technical commitiee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international use and are accepted by IH
Committees in that sense. While all reasonable efforts are made to ‘ensure that the technical con
Publicalions is accurate, IEC cannot be held responsible for the/way in which they are used
misintefpretation by any end user.

In ordef to promote international uniformity, IEC Nationalk /Committees undertake to apply IEC H
transpafently to the maximum extent possible in their nationpal and regional publications. Any divergen
any IEQ Publication and the corresponding national or regional publication shall be clearly indicated i

IEC its¢lf does not provide any attestation of confarmity. Independent certification bodies provide
assessinent services and, in some areas, accessto IEC marks of conformity. IEC is not responsi
service$ carried out by independent certification bodies.

All useris should ensure that they have the latest edition of this publication.

No liabjlity shall attach to IEC or its directors, employees, servants or agents including individual 4
membefs of its technical committees-ahd’IEC National Committees for any personal injury, property
other damage of any nature whatsoéver, whether direct or indirect, or for costs (including lega
expensegs arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC H

Attentign is drawn to the Normative references cited in this publication. Use of the referenced pul
indispepsable for the correct.application of this publication.

Attentign is drawn to thé\possibility that some of the elements of this IEC Publication may be the subje]
rights. [EC shall not/be held responsible for identifying any or all such patent rights.
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The text of this Tnternational Standard IS based on the following documents:

FDIS Report on voting
87/741/FDIS 87/743/RVD

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

Words in bold in the text are defined in Clause 3.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

\ - o ' > H : indicates
that it cpntains colours which are considered to be useful for the correct undéerstanding
of its cpntents. Users should therefore print this document using a colourprinter.
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In this do

INTRODUCTION

cument, pressure pulses are single pulses of ultrasonic energy of up to 25 us duration

which have only one significant positive and one negative peak carrying more than 95 % of the
energy (see definitions). Focused pressure pulses (sometimes called "strongly focused") are
characterized by a peak acoustic pressure in a point in the sound field distant from the source

aperture

. Parameters and measurement methods for focusing pressure pulse sources are

described in IEC 61846. The parameters and measurement methods of any other types of
pressure pulses, i.e. weakly focused and non-focused pressure pulses, are described in this

documen

Devices
extracorg
spur or
applicatiq
infarcted

The patie

t.

with non-focusing/weakly focusing pressure pulse sources are used for the
' ST i iTT; ; 1the heel
he tennis elbow and for trigger point therapy. Further, still under resgarch are
ns in orthopaedics, pain therapy, treatment of angina pectoris, stem.Cell therapy of
cardiac areas, treatment of erectile dysfunction, of cellulitis, and wound repair.

nts receive between 3 to 5 treatments of 10 min to 20 min duratien’ with apprpximately

or on avérage 1 000 pulses. Each pressure pulse consists of one_signhificant compfressional

part and
devices,

a trailing negative part and has an overall duration of less than 25 us. In present
1 to 35 pulses per second are released to the target tissde. The pulses are usually

applied t¢ the patient by a manually guided hand piece. Targeting is commonly done by asking

the patie

The first
was desq
pressure
air. The g
instantly
market u
although
applied i
electrohy

nt to direct the pulses to the point of maximum pain.

Ise of non-focused/weakly focused pressure pulses to treat soft tissue pain gituations
ribed in 1999. The first devices used the ballistic principle for the generatipn of the
pulses, which is based on an "air-gun" like acceleration of a projectile by préssurized
rojectile impinges on the rear side of alarger metal applicator, the front sidg of which
releases one fast pressure pulse torthe patient. Today, most of the devicgs on the
e this design and often are called®radial shock wave devices” or “ballistic|sources”
a true shock wave is not created. Also, other pulse generating principles are being
hcluding variations of common lithotripter sources (electromagnetic, piezpelectric,
draulic).

Before t

is first occurrence, focused pressure pulses were used clinically beginning in 1993

for the tr¢atment of shoulder.¢alcifications, tennis elbow pain and heel spur pain, initi
lithotriptdr-like electrohydraulic, electromagnetic or piezoelectric sources. These
pressurg pulses can be characterized by IEC 61846, but the parameters described th
not sufficjently applicable to characterize the parameters and fields of weakly focused
focused pressurepulses and their propagation characteristics.

This document specifies methods of measuring and characterizing the acoustic

blly using

focused
erein are
and non-

pressure

pulses denerated by non-focusing/weakly focusing pressure pulse equipment

and their

propagation characteristics.
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1 Scope

This document is applicable to

— therapy equipment using extracorporeally induced non-focused or weakly focused

pressure

puls¢s;

— therapy equipment producing extracorporeally induced non-focused or wegakKly
mechpnical energy,

where th¢ pressure pulses are released as single events of duration up,t0)25 us.

This doc

— thera
lithotn

— thera
inteng

This docyiment specifies

— meas
extra
field,

— methg

presgure pulse fields.

NOTE 1 T|
to be made|
limits for th

NOTE 2 H
applied in {

This docyiment has)been developed for equipment intended for use in pressure pulsg

for exam
muscular

ment does not apply to
Dy equipment using focusing pressure pulse soufces such as extra

ipsy equipment;

ity ultrasound equipment and HIFU/HITU equipment.

lrable parameters which are used.in” the declaration of the acoustic
orporeal equipment producing a.non-focused or weakly focused pressu

ds of measurement and_characterization of non-focused or weakly

he parameters defined in thissdocument do not — at the time of publication — allow quantitative
about clinical efficacy ahd possible hazard. In particular, it is not possible to make a stateme
ese effects.

igure B.1 to Figure/B.10 and Figure 2 to Figure 4 are useful to understand the geometry
his document.

focused

corporeal

Dy equipment using other acoustic waveformsy\ike physiotherapy equipment, low

putput of
re pulse

focused

statements
t about the

of the field

extracorp

therapy,

trigger point therapy, lower back pain, etc. It is not intended to be |used for

ble therapy of orthopaedic pain like shoulder pain, tennis elbow pain, heel gpur pain,
oreal lithotripsy equipment (as described in IEC 61846), physiotherapy luipment

using ot

her waveforms (as described in IEC 61689) and HIFU/HITU equipment (see
IEC 60601-2-62 and IEC TR 62649).

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60565-1, Underwater acoustics — Hydrophones — Calibration of hydrophones — Part 1:
Procedures for free-field calibration of hydrophones

IEC 60565-2, Underwater acoustics — Hydrophones — Calibration of hydrophones — Part 2:
Procedures for low frequency pressure calibration
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IEC 62127-1:2007, Ultrasonics — Hydrophones — Part 1: Measurement and characterization of
medical ultrasonic fields up to 40 MHz
IEC 62127-1:2007/AMD1:2013

IEC 62127-2:2007, Ultrasonics — Hydrophones — Part 2: Calibration for ultrasonic fields up to
40 MHz

IEC 62127-3, Ultrasonics — Hydrophones — Part 3: Properties of hydrophones for ultrasonic
fields up to 40 MHz

3 Terms and definitions

For the pHposes of this rinr\nmnnf, the fnlln\nnng terms and definitions gpply

ISO and |IEC maintain terminological databases for use in standardization at~ihe [following
addrességs:

e |EC Hlectropedia: available at http://www.electropedia.org/
e |SO Online browsing platform: available at http://www.iso.org/obp
3.1

applicator
part of the ballistic pressure pulse source which emits the préssure pulses to the patient

Note 1 to entry: In the case of a ballistic pressure pulse source, the front side of the applicator is offen coupled
to the skin [of the patient using an ultrasound coupling gel or other’agent and releasing the pressure pylses to the
patient. In this case, the front of the applicator is equal to the source aperture.

Note 2 to gntry: Depending on the design of the source,.there may be a space between the source gmitting the
pressure pulses (e.g. membrane, surface of piezoelectric crystals, spark gap etc.) and the source apertyre. Usually,
this space |s composed of an acoustically conducting pad*coupling material or a fluid, which transmits the pressure
pulses from the source to the source aperture (se€.3(48).

3.2
beam —-n|dB cross-sectional area

4; »dB
area enclosed by the peak-positive acoustic pressure contour in any plane perpenflicular to
the beanm axis, where all paints on the contour have a pressure of —n dB relative to the value
at the bepm axis in this plane

Note 1 to gntry: The value“of » and the axial distance z from the measurement centre point shall b¢ stated as
subscript.

Note 2 to gntry: _Typical values of —n dB are: -3 dB, -6 dB, —10 dB, -12 dB, -20 dB. Reasonable vallies of n for
clinical apgroval ahd communication to the users can be identified by a risk analysis process, by applidable safety

standards, | by:{consulting notified bodies, expert communities (e.g. ISMST - International Society for Medical
Shockwav Trn'_ﬂ'manf) or fhrr\llgh literature

Note 3 to entry: The beam -n dB cross-sectional area is expressed in units of metre squared (m?).

3.3

beam -n dB extent

Zb,ndB

distance along the beam axis from the source aperture to the point where the peak-positive
acoustic pressure has dropped farthest by —n dB relative to the acoustic pressure at the
source aperture

Note 1 to entry: The value of n shall be stated as subscript.

Note 2 to entry: Typical values of —n dB are: -3 dB, -6 dB, -10 dB, —12 dB, -20 dB. Reasonable values of n for
clinical approval and communication to the users can be identified by a risk analysis process, by applicable safety
standards, by consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical

Shockwave Treatment) or through literature.

Note 3 to entry: The beam -n dB extent is expressed in metres (m).
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3.4
beam -n dB volume

Vb,ndB
volume in space defined by the -n dB (relative to the beam pressure maximum value) peak-
positive acoustic pressure contours measured around the beam axis

Note 1 to entry: It may be difficult to measure —n dB points throughout the volume around the beam. It is reasonable
in practice to approximate the beam -n dB volume from measurements taken in three orthogonal directions: the
beam axis (z axis); and the two orthogonal axes (x,y) which are also orthogonal to the beam axis.

Note 2 to entry: Typical values of —n dB are: -3 dB, -6 dB, -10 dB, -12 dB, -20 dB. Reasonable values of n for
clinical approval and communication to the users can be identified by a risk analysis process, by applicable safety
standards, by consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical
Shockwave Treatment) or through literature.

Note 3 to eptry: The beam -n dB volume is expressed in units of metre cubed (m3).
Note 4 to eptry: The value of n shall be stated as a subscript.

Note 5 to eptry: See IEC 61828.

3.5
beam —-n|dB width, maximum
Wmax,x,z,n{iB

maximun width of the —» dB contour of the peak-positive acqustic pressure p. around the z
axis in the x-y plane at any distance z

Note 1 to gntry: Typical values of —n dB are: -3 dB, -6 dB, —-10°dB, -12 dB, -20 dB. Reasonable vallies of n for
clinical apgroval and communication to the users can be identified by a risk analysis process, by applidable safety
standards, |by consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical
Shockwavg Treatment) or through literature.

Note 2 to eptry: The beam -n dB width, maximum is~expressed in metres (m).
Note 3 to eptry: The values of z and » shall be stated as subscripts.

3.6
beam -n|dB width, orthogonal

Wmax,y,z,n B
width of the —» dB contourof the peak-positive acoustic pressure p. around the beam

pressurg maximum, in_the x-y plane at any distance z, in the direction perpendicular to the
direction [of the beam width maximum

Note 1 to gntry: Typical values of —n dB are: -3 dB, -6 dB, —10 dB, -12 dB, -20 dB. Reasonable vallies of n for
clinical apgroval and.'edmmunication to the users can be identified by a risk analysis process, by applidable safety
standards, |by consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical
Shockwavg Tréatment) or through literature.

Note 2 to entry: The beam -n dB width, orthogonal is expressed in metres (m).

Note 3 to entry: The values of z and » are stated as subscripts.

3.7

beam axis

line passing through the centre of mass of the source aperture of the pressure pulse
generator and perpendicular to the source aperture surface

Note 1 to entry: This line is taken as the z axis. See 6.1.1 and Clause 7.

Note 2 to entry: For a definition of centre of mass, see IEC 60050-113:2011, 113-03-12.
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3.8

beam isobar cross-sectional area

AnMPa,z

area enclosed by the peak-positive acoustic pressure contour which is delimited by a peak-
positive pressure value n, at any point on the beam axis, and is in the plane, perpendicular to
the beam axis at that point on the beam axis

Note 1 to entry: Typical values of n MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of n for clinical approval
and communication to the users can be identified by a risk analysis process, by applicable safety standards, by
consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave Treatment)
or through literature.

Note 2 to entry: This definition helps manufacturers and researchers to define the size of an area, where a certain
peak pressure value is exceeded. This definition is based on the assumption that an observed or estimated
therapeuticeffect or side effect can he found inside a region where a certain threshold pressire valile (or energy
flux density value) is exceeded. See for example, in Table D.3, the E MpaT parameter where @45 mm and

z =10 mm will be written as ESMPa,‘lO,T'

Note 3 to eptry: The beam isobar cross-sectional area is expressed in units of metre squafed.(m?).

Note 4 to eptry: The values of z and » are stated as subscripts.

3.9
beam isgbar extent
Zpe,nMPa
distance plong the beam axis from the source aperture to thé_point where the peak}positive
acoustic| pressure has dropped farthest to a value of » MPa

Note 1 to gntry: Typical values of » MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of » for clinichl approval
and commiinication to the users can be identified by a risk ahalysis process, by applicable safety stgndards, by
consulting potified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave|Treatment)
or through |iterature.

Note 2 to eptry: The beam isobar extent is expressed-in metres (m).

Note 3 to eptry: The value of n is stated as a subscript.

3.10
beam isgbar volume
Vb,nMPa
volume iph space defined by\the peak-positive acoustic pressure » MPa isobar |contours
measured around the beam)axis

Note 1 to eptry: The beaim‘isobar volume is expressed in units of metre cubed (m?).

Note 2 to eptry: It may be difficult to measure n MPa points throughout the volume around the beam. It isjreasonable
in practice [to appreximate the beam isobar volume from measurements taken in three orthogonal dirgctions: the
beam axis|(z axis); and the two orthogonal axes (x,y) which are also orthogonal to the beam axis.

Note 3 to efitry—Reasomabte vatues of 7 MPafor ciimicarapprovatandcommumnication to the users can be identified
by a risk analysis process, by applicable safety standards, by consulting notified bodies, expert communities (e.g.
ISMST - International Society for Medical Shockwave Treatment) or through literature.

3.1
beam isobar width, maximum

Wmax,x,z,nMPa
maximum width of the contour of the peak-positive acoustic pressure p. around the z axis in

the x-y plane at any distance z with an acoustic pressure value of n MPa

Note 1 to entry: Typical values of n MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of n for clinical approval
and communication to the users can be identified by a risk analysis process, by applicable safety standards, by
consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave Treatment)
or through literature.

Note 2 to entry: The beam isobar width, maximum is expressed in metres (m).

Note 3 to entry: The value of n is stated as a subscript.
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3.12
beam isobar width, orthogonal

Ymax,y,z,nMPa

width of the contour of the peak-positive acoustic pressure p. around the z axis in the x-y
plane at any distance z, in the direction perpendicular to the direction of the beam isobar width,
maximum with an acoustic pressure value of » MPa

Note 1 to entry: Typical values of n MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of » for clinical approval
and communication to the users can be identified by a risk analysis process, by applicable safety standards, by
consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave Treatment)
or through literature.

Note 2 to entry: Beam isobar width, orthogonal is expressed in metres (m).

Note 3 to eptry: The values of z and n are stated as subscripts.

3.13
beam pressure maximum
Pc,bpm
peak-positive acoustic pressure amplitude at the beam pressure maximum distance

Note 1 to eptry: The beam pressure maximum is expressed in pascals (Pa).

3.14
beam pressure maximum -n dB cross-sectional area
Appm,ndB
area enclosed by the peak-positive acoustic pressure contour which is —n dB relat|ve to the
value at the beam pressure maximum distance and\is in the plane perpendicular to {he beam
axis, which contains the beam pressure maximum

Note 1 to eptry: The value of n shall be stated as a subscript.

Note 2 to gntry: Typical values of —n dB are: -3.dB, -6 dB, -10 dB, —-12 dB, -20 dB. Reasonable vallies of n for
clinical apgroval and communication to the usets-Can be identified by a risk analysis process, by applidable safety
standards, |by consulting notified bodies, éX%pert communities (e.g. ISMST — International Society for Medical
Shockwavd Treatment) or through literatufe:

Note 3 to eptry: The beam pressure‘maximum -n dB cross-sectional area is expressed in units of mefre squared
2
(m*).

3.15
beam pressure maximum -» dB extent
Lbpm,ndB
distance plong the.z axis between the —n dB points of the peak-positive acoustic prejssure on
either side of/the beam pressure maximum

" Tl } £ T PP 4 ot
NOte 1 tO crry. T varutc UT 77 oTidll UT oldlTU do a SUUSUITUL.

Note 2 to entry: A beam pressure maximum only exists if the acoustic pressure on the beam axis drops by at
least -n dB in +z direction as compared to the beam pressure maximum. Otherwise, no beam pressure maximum
-n dB extent exists.

Note 3 to entry: Typical values of —n dB are: -3 dB, -6 dB, —10 dB, -12 dB, -20 dB. Reasonable values of n for
clinical approval and communication to the users can be identified by a risk analysis process, by applicable safety
standards, by consulting notified bodies, expert communities (e.g. ISMST - International Society for Medical
Shockwave Treatment) or through literature.

Note 4 to entry: The beam pressure maximum -n dB extent is expressed in metres (m).

3.16

beam pressure maximum -» dB volume

Vopm,ndB

volume in space defined by the » dB (relative to the value at the beam pressure maximum)
peak-positive acoustic pressure contours measured around the beam pressure maximum
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Note 1 to entry: The value of n shall be stated as a subscript.

Note 2 to entry: It may be difficult to measure -» dB points throughout the volume around the beam pressure
maximum (IEC 61828).

Note 3 to entry: Typical values of —n dB are: -3 dB, -6 dB, -10 dB, —12 dB, -20 dB. Reasonable values of n for
clinical approval and communication to the users can be identified by a risk analysis process, by applicable safety
standards, by consulting notified bodies, expert communities (e.g. ISMST - International Society for Medical
Shockwave Treatment) or through literature.

Note 4 to entry: The beam pressure maximum -» dB volume is expressed in units of metre cubed (m?).

3.17
beam pressure maximum -» dB width, maximum

Wbpm,x,ndB
maximum width of the —n dB contour of the peak-positive acoustic pressure p_-afound the

beam pressure maximum in the x- y plane which contains the beam pressure maxijmum

Note 1 to eptry: The value of n shall be stated as subscript.

Note 2 to gntry: Typical values of —n dB are: -3 dB, -6 dB, -10 dB, —12 dB, -20 dB.‘Reasonable vallies of n for
clinical apgroval and communication to the users can be identified by a risk analysis process, by applidable safety
standards, |by consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical
Shockwavd Treatment) or through literature.

Note 3 to eptry: The beam pressure maximum -» dB width, maximum is(expressed in metres (m).

3.18
beam pressure maximum -» dB width, orthogonal
Wbpm,y,nd3
width of the —» dB contour of the peak-positive’,acoustic pressure p. around the beam
pressurg maximum, in the x-y plane which contains the beam pressure maximum, in the
direction [perpendicular to the direction of the-beam pressure maximum width

Note 1 to eptry: The value of —n shall be stated(as a subscript.

Note 2 to gntry: Typical values of —n dB.ares =3 dB, -6 dB, -10 dB, —12 dB, -20 dB. Reasonable vallies of n for
clinical apgroval and communication to the‘users can be identified by a risk analysis process, by applidable safety
standards, |by consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical
Shockwavg Treatment) or through literature.

Note 3 to eptry: The beam pressure maximum -n dB width, orthogonal is expressed in metres (m).

3.19
beam pressure maximum isobar cross-sectional area
Abpm,nMPa
area enclosed by the peak-positive acoustic pressure contour which is delimited by gn isobar
of n MPal where this isobar is in that plane perpendicular to the beam axis, which contains the
beam pressure-maximum

Note 1 to entry: Typical values of n MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of n for clinical approval
and communication to the users can be identified by a risk analysis process, by applicable safety standards, by
consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave Treatment)
or through literature.

Note 2 to entry: The beam pressure maximum isobar cross-sectional area is expressed in units of metre squared
2
(m*<).

Note 3 to entry: The value of n is given as a subscript.

3.20

beam pressure maximum isobar extent

prm,nMPa

distance along the z axis between the points on either side of the beam pressure maximum of
n MPa
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Note 1 to entry: A beam pressure maximum isobar extent only exists if the acoustic pressure on the beam axis
drops by n MPa in %z direction as compared to the peak-positive acoustic pressure at the beam pressure
maximum. Otherwise, no beam pressure maximum isobar extent exists.

Note 2 to entry: Typical values of » MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of »n for clinical approval
and communication to the users can be identified by a risk analysis process, by applicable safety standards, by
consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave Treatment)
or through literature.

Note 3 to entry: The beam pressure maximum isobar extent is expressed in metres (m).

Note 4 to entry: The value of n is given as a subscript.

3.21

beam pressure maximum isobar volume
prm,nMPrr
volume in space defined by the peak-positive acoustic pressure contours whichyarg defined
by an isopar of » MPa, measured around the beam pressure maximum

Note 1 to gntry: Typical values of » MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values.ofwi for clinichl approval
and commiinication to the users can be identified by a risk analysis process, by applicable safety stgndards, by
consulting potified bodies, expert communities (e.g. ISMST — International Society for Médieal Shockwave|Treatment)
or through [iterature.

Note 2 to eptry: The beam pressure maximum isobar volume is expressed inunits of metre cubed (n}3).

Note 3 to eptry: The value of n is given as a subscript.

3.22
beam pressure maximum isobar width, maximum

Wbpm,x,nMPa
maximum width of the » MPa contour of the peak:positive acoustic pressure p. afound the

beam pressure maximum in the x-y plane which contains the beam pressure maximum

Note 1 to gntry: Typical values of » MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of » for clinichl approval
and commuinication to the users can be identified by a risk analysis process, by applicable safety stgndards, by
consulting potified bodies, expert communities/(e.g. ISMST — International Society for Medical Shockwave|Treatment)
or through |iterature.

Note 2 to eptry: The beam pressure maximum isobar width is expressed in metres (m).

Note 3 to eptry: The value of »7is'given as a subscript.

beam pressure maximum isobar width, orthogonal

width of the nMPa contour in the direction perpendicular to the direction of the beam pressure
maximurm isebar width, maximum, of the peak-positive acoustic pressure p. anound the

um

Note 1 to entry: The value of n is given as a subscript.

Note 2 to entry: Typical values of » MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of »n for clinical approval
and communication to the users can be identified by a risk analysis process, by applicable safety standards, by
consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave Treatment)
or through literature.

Note 3 to entry: The beam pressure maximum isobar width, orthogonal is expressed in metres (m).

3.24

beam pressure maximum distance

Zbpm

distance along the beam axis from the source aperture to the first point where the peak-
positive acoustic pressure has a local maximum = 3 dB larger than the peak-positive
acoustic pressure at axial points in the neighbourhood of the local maximum
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Note 1 to entry: 3 dB accounts for possible measurement uncertainties.
Note 2 to entry: The beam pressure maximum distance is expressed in metres (m).

Note 3 to entry: For a non-focusing source, the beam pressure maximum distance is located at the surface of the
source aperture. See 7.1.3.

Note 4 to entry: For a weakly focusing source, the beam pressure maximum distance is located on the beam axis,
but the peak-positive pressure at this point is not higher than the peak-positive acoustic pressure at the source
aperture. See 7.1.4.

Note 5 to entry: If the peak-positive acoustic pressure p_ has a maximum along the beam axis which is higher
than the peak-positive acoustic pressure p_  at the source aperture, this document does not apply, instead
IEC 61846 applies.

3.25
compreslsional pulse duration
tFWHMpc
time intefval between the points where the instantaneous acoustic pressure at the beam
pressurg maximum distance first exceeds 50 % of the peak-positive acoustic presjsure and
the first time it falls below 50 % of the peak-positive acoustic pressure

Note 1 to eptry: See Figure 1.
Note 2 to eptry: The subscript "FWHM" stands for "full width at half maximum®.

Note 3 to eptry: The compressional pulse duration is expressed in secands (s).

3.26
derived acoustic pulse energy
ER,Z

spatial infegral of the derived pulse-intensity integral over a circular cross-sectional area of
radius R |n the x-y plane at any distance z from‘the measurement centre point

Note 1 to eptry: The values of R and z shall be stated as subscripts.

Note 2 to eptry: The derived acoustic pulseenergy is expressed in joules (J).

3.27
derived beam -n dB pressure maximum acoustic pulse energy

Eypm,ndB
spatial integral of the derived pulse-intensity integral over the beam pressure maximum
—n dB crpss-sectionalrarea measured around the beam pressure maximum distance

Note 1 to eptry: The-value of n shall be stated as a subscript.

Note 2 to eptry» ~This definition may overestimate E if the aperture of the pressure pulse generator is large.

Note 3 to entry: Typical values of —n dB are: -3 dB, -6 dB, -10 dB, -12 dB, -20 dB. Reasonable values of » for
clinical approval and communication to the users can be identified by a risk analysis process, by applicable safety
standards, by consulting notified bodies, expert communities (e.g. ISMST - International Society for Medical
Shockwave Treatment) or through literature.

Note 4 to entry: The derived beam —n dB pressure maximum acoustic pulse energy is expressed in joules (J).

3.28
derived beam isobar pressure maximum acoustic pulse energy

Ebpm,nMPa
spatial integral of the derived pulse-intensity integral over the beam pressure maximum
isobar cross-sectional area

Note 1 to entry: The value of n is stated as a subscript.
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Note 2 to entry: Typical values of n MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of n for clinical approval
and communication to the users can be identified by a risk analysis process, by applicable safety standards, by
consulting notified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave Treatment)
or through literature.

Note 3 to entry: The derived beam isobar pressure maximum acoustic pulse energy is expressed in joules (J).

3.29

derived instantaneous intensity

1

quotient of squared instantaneous acoustic pressure and characteristic impedance of the
medium at a particular instant in time at a particular point in an acoustic field

)
I(t)= 1
(=" (1)
where
p(t) is the instantaneous acoustic pressure;
Z is the characteristic acoustic impedance of the medium

Note 1 to eptry: In order to clarify that this parameter usually varies with time, (f)¢may be added in the fqrmulae, for
example I(}).

Note 2 to eptry: The derived instantaneous intensity is expressed in-ufits of watt per metre squared [W/m?).

[SOURCIE: IEC 62127-1:2007 and IEC 62127-1:2007+AMD1:2013, 3.78, modified — The
formula gnd the notes have been rephrased.]

3.30
derived pulse-intensity integral
Pli(x,y,z)
time inteiral of the instantaneous intensity at a particular point in a pressure pulse field over
the pressure pulse waveform

Note 1 to eptry: This parameter is often _galled "energy flux density".

Note 2 to eptry: The derived pulse-intensity integral is expressed in units of joule per metre squared [(J/m?).

3.31

end-of-cpble loaded.sensitivity of a hydrophone

My

ratio of the voltage at the end of any integral cable or connector of a hydrophone, when
connected to(ajspecified electrical input impedance, to the instantaneous acoustic pressure

in the undisturbed free field of a plane wave in the position of the acoustic centfe of the
hydroph i were removetd

Note 1 to entry: See 3.26 of IEC 62127-1:2007.

Note 2 to entry: The end-of-cable loaded sensitivity of a hydrophone is expressed in units of volt per pascal
(V Pa™).

3.32

focused pressure pulse field

field of a transducer having a beam pressure maximum distance that is larger than the beam
pressure maximum -6 dB extent, i.e. zopm > Lbpm,6dB

Note 1 to entry: In a focused pressure pulse field, the pressure pulse amplitude adjacent to the beam pressure
maximum is larger than the pressure pulse amplitude at any place at the source aperture. For the description of
focused pressure pulse fields, IEC 61846 applies.

Note 2 to entry: Refer to Clause B.2 for more explanations.
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3.33

hydrophone
transducer that produces electrical signals in response to waterborne acoustic signals

[SOURCE: IEC 60050-801:1994, 801-32-26]

3.34

instantaneous acoustic pressure

p

acoustic pressure minus the ambient pressure at a particular instant in time and at a particular
point in an acoustic field

bl

Note 1 to
example p(

Note 2 to e

[SOURC
the noteg

3.35

instantaneous intensity

1
acoustic
area norr
field

Note 1 to ¢
It is difficu
this docum
intensity c

Note 2 to €
example [(

Note 3 to €

[SOURC
parenthe

3.36

" } ol " il " 1 ; . L lo ool rraliperil £
Ty T OTaCT to-Ccrarity—tat ansS parameter aSuany varteS i ume, () may oc agaaeT 1T the 19

).
htry: The instantaneous acoustic pressure is expressed in pascals (Pa).

E: IEC 60050-802:2011, 802-01-03, modified — The definition has_been rephrg
to entry added.]

bnergy transmitted per unit time in the direction of.acoustic wave propagatio
hal to this direction at a particular instant in time-and at a particular point in an

ntry: Instantaneous intensity is the product of instantaneous acoustic pressure and partig
t to measure intensity in the ultrasound frequenecy range. For the measurement purposes re

Bn be approximated by the derived instantaneous intensity (3.29).

htry: In order to clarify that this parameter usually varies in time, (¢) may be added in the fg

).

htry: Instantaneous intensity)is’expressed in units of watt per metre squared (W/m?2).

5is has been deleted*in Note 1 to entry, and Note 2 to entry has been added

measure

centre off mass of the source aperture at the location in space (x, y ,z) where the j
coordinafes arecentred, i.e. (x =0, y =0, z = 0).

Note 1 to ek h'y: SeelEC 60050-4143:204 1’ 1130312 (r\nnl‘rn of che)_

ent centre point

rmulae, for

sed, and

N per unit
acoustic

le velocity.
ferred to in

ent and under conditions of sufficient distance\from the external transducer aperture, the insfantaneous

rmulae, for

IEC 62127-1:2007 -and IEC 62127-1:2007/AMD1:2013, 3.34, modified — The

]

, yand z

Note 2 to e

3.37

ntry: The measurement centre point may be abbreviated by the symbol O.

non-focused pressure pulse field
pulse field where the pressure pulse amplitude within it is nowhere larger than the peak-
positive pressure pulse amplitude at any place at the source aperture, and the pressure
pulse amplitude is decreasing with increasing distance from the source aperture

Note 1 to e

3.38

ntry: See Clause B.2.

weakly focused pressure pulse field
pulse field where a local acoustic pressure maximum occurs, which has an amplitude less than
the peak-positive acoustic pressure at the source aperture

Note 1 to e

ntry: See Clause B.2.
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3.39
peak-positive acoustic pressure

Pc
maximum compressional acoustic pressure at any spatial location in the pressure pulse field

Note 1 to entry: The peak-positive acoustic pressure is expressed in pascals (Pa).

Note 2 to entry: The peak-positive acoustic pressure is also called "peak-compressional pressure".

3.40

peak-negative acoustic pressure
Py

maximum of the modulus of the rarefactional acoustic pressure at any spatial location in the
pressurd pulse field

Note 1 to eptry: The peak-negative acoustic pressure is expressed in pascals (Pa).

Note 2 to eptry: The peak-negative acoustic pressure is also called "peak-rarefactional pressure".

3.41
positive temporal integration limits
IPt,lim
time between which the compressional acoustic pressure pulse.waveform first excepds 10 %
of its pedk-positive acoustic pressure value and the first time“it falls below 10 % of|its peak-
positive jacoustic pressure value

Note 1 to eptry: The positive temporal integration limits are expressed in seconds (s).

3.42
positive temporal » MPa threshold integration-limits
'PuMPalin]
time between which the pressure pulse waveform first exceeds a value of n MPa ang the first
time it falls below the n MPa value

Note 1 to eptry: The value n is stated as subscript.

Note 2 to gntry: Typical values oftu MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of n for clinicpl approval
and comminication to the users.c€an be identified by a risk analysis process, by applicable safety stgndards, by
consulting potified bodies, expert communities (e.g. ISMST — International Society for Medical Shockwave|Treatment)
or through |iterature.

Note 3 to eptry: The positive temporal » MPa threshold integration limits are expressed in seconds|(s).

3.43
pressurg pulse
acoustic (waveé emitted by the pressure pulse equipment, which consists of two siignificant

wave components: one posItive (or negative) hali-cycle and one negative (or posive) trailing

half cycle

Note 1 to entry: See Figure 1.

Note 2 to entry: Depending on the properties of the pressure pulse source, spurious additional signals of smaller
amplitude may follow the significant wave components. Only signal parts adding more than 5 % to the energy content
of the wave are considered as significant. Wave components, which are for example caused by inertial motions of a
mechanical applicator, may appear several hundred microseconds to some milliseconds after the pressure pulse.
These signals are outside the scope of this document. See [1] and [2].

3.44
pressure pulse equipment
device for treating a patient with extracorporeally induced pressure pulses

Note 1 to entry: Known applications are given in the Introduction.
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3.45
pressure pulse waveform

temporal waveform of the instantaneous acoustic pressure at a particular point in a pressure

pulse wave field and displayed over a period sufficiently long to include all significant
information in the pressure pulse

3.46
pulse-pressure-squared integral

ppsi
time integral of the square of the instantaneous acoustic pressure over the pressu

waveform

Note 1 to entry:—_The pulse-nressure-squared integral is expressed in units of pascal squared times sec
1 1 t =) u u T

acoustic

re pulse

nd (Pa?s).

[SOURCE: IEC 62127-1:2007, 3.50, modified — The definition has been rephrased!]

3.47
rise time
tr
time takgn for the instantaneous acoustic pressure to increase(from 10 % to 90
peak-positive acoustic pressure

Note 1 to eptry: See Figure 1.

Note 2 to eptry: The rise time is expressed in seconds (s).

3.48

% of the

active region of the pressure pulse source, assumed to lie on a planar surface, which fransmits

source }pertu re

the pressure pulses to the patient

Note 1 to gntry: For mechanical applicators, the source aperture usually is the patient side of the ppplicator,

which is coppled to the patient.

Note 2 to eptry: For other types of applicators, the source aperture is determined by the area which ig
the patient jand transmits the pressure pulses to the patient. This area is determined by measurements g
-n dB cross-sectional area at a position as close as practical to the source aperture, where the v

coupled to
f the beam
lue of n is

determined| such that the derived:acoustic pulse energy in this area is reaching the same value as the derived

beam -n dB pressure maximum)acoustic pulse energy for the same value of n. The value of n shall

be chosen

such that the largest value of derived beam -n dB pressure maximum acoustic pulse energy is reached for a

B, -20 dB.

Reasonabl¢ values of p~fer‘clinical approval and communication to the users can be identified by a rigk analysis

process, applicable( safety standards, by consulting notified bodies, expert communities (e.g

Note 3 to eptry; \.Depending on the construction, the source aperture may be circularly symmetric, but

3.49
source aperture width
D

X
largest diameter or extent of the source aperture

ISMST -

it may also
metric, it is
ent values.

Note 1 to entry: The normal vector of the source aperture determines the z-direction of the measurement

coordinate system.

Note 2 to entry: For circular symmetric mechanical applicators which are excited by a force (e.g. an impinging
projectile) at the symmetry axis, the source aperture is equal to the patient-side diameter of the applicator.

Note 3 to entry: The source aperture width is expressed in metres (m).
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3.50
source aperture width, orthogonal

D,

diameter or extent of the source aperture orthogonal to the source aperture width

Note 1 to entry: For circular symmetric mechanical applicators and for other circular symmetric source types, the
source aperture width, orthogonal is identical to the source aperture width. If they are asymmetric, it is likely
that the beam width parameters in the maximum direction and in the orthogonal direction have different values.

Note 2 to entry: The source aperture width, orthogonal is expressed in metres (m).

3.51

target location
"
location r space where the manufacturer intends the user to locate the biological.tispue to be
treated, given as a three-dimensional position vector (xt, y:, zt) relative to the meagurement
centre ppint

Note 1 to eptry: For different applications, the target locations may differ and shall be-given by the mgnufacturer.

Note 2 to eptry: The target location is expressed in metres (m).

3.52
total tenmporal integration limits
Tot,lim
times befween which the absolute value (modulus) of thé acoustic pressure pulse waveform
first excepds 10 % of its maximum value and the last time it reduces below 10 % of its maximum
value

Note 1 to eptry: The total temporal integration limits are.expressed in seconds (s).

3.53
total tenfjporal MPa threshold integration limits
Tot,nMPa |im

times bet]ween which the pressure.pulse waveform first exceeds a value of n MPa and the last
time it falls below the » MPa valle

Note 1 to eptry: The value of n-is‘Stated as a subscript.

Note 2 to gntry: Typical values of » MPa are: 5 MPa, 3 MPa, 1 MPa. Reasonable values of » for clinicpl approval
and comminication to the users can be identified by a risk analysis process, by applicable safety stgndards, by
consulting potified bodiesy-expert communities (e.g. ISMST — International Society for Medical Shockwave|Treatment)
or through [iterature.

Note 3 to eptry:( The total temporal MPa threshold integration limits are expressed in seconds (s).

4 List of symbols

Abpm,ndB beam pressure maximum —n dB cross-sectional area
Appm,nMPa beam pressure maximum isobar cross-sectional area

A, ,dB beam —n dB cross-sectional area

AuMmPa,z beam isobar cross-sectional area

D, source aperture width

Dy source aperture, orthogonal

Ebpm,ndB derived beam —n dB pressure maximum acoustic pulse energy
Ep, derived acoustic pulse energy

I I(?) (derived) instantaneous intensity
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Lppm,ndB

prm,nMPa

Lp

ML
p, p(1)
Pe

Pc.bpm
Pll(x,y,z)

- 21 -

beam pressure maximum —»n dB extent

beam pressure maximum isobar extent

thickness of dry test bench pad

end-of-cable loaded sensitivity of the hydrophone

instantaneous acoustic pressure

peak-positive acoustic pressure
beam pressure maximum

derived pulse-intensity integral

ppsi

Pr
IFWHMpc
’PuMPa,lin]
It lim

tr
Tot,nMPa. |im
Tot,lim
Vb,ndB
Vbpm,ndB
Vo,nMPa
Vt
Whpm,x,ndB
Whpm,x,nMPa
Wbpm,y,nd3
Ybpm,y,nMPa
Wmax,x,z,nfiB
Wmax,x,z,nMPa

Wmax,y,z,n B

putse-pressure-squared-integrat
peak-negative acoustic pressure
compressional pulse duration
positive temporal » MPa threshold integration limits
positive temporal integration limits

rise time

total temporal MPa threshold integration limits
total temporal integration limits

beam —r dB volume

beam pressure maximum —» dB velume

beam isobar volume

target location

beam pressure maximum —» dB width, maximum
beam pressure-maximum isobar width, maximum
beam pressure maximum —»n dB width, orthogonal
beam pressure maximum isobar width, orthogonal
beam.-n dB width, maximum

beam isobar width, maximum

beam —r dB width, orthogonal

beam isobar width, orthogonal

Wmax,y,z,nMPa
X, ¥, z,

Zh,ndB

Zbpm
Zbe,nMPa

VA

spatial coordinates
beam —n dB extent

beam pressure maximum distance
beam isobar extent

characteristic acoustic impedance of the medium
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5 Conditions of measurement

5.1 General

Measurements shall be performed in a situation approximating conditions of actual operation.
Parameters which shall be considered and documented include:

— pressure pulse generator drive level range and level(s) for the measurements;

— rate of pressure pulse release;

— ambient temperature.

5.2 Measurements in the water test chamber

In the waIter test chamber, the following conditions shall be considered and documemled:

— electrn

— tempgrature of water in a measuring tank;

— disso

Degasse
temperat
to allow t

taken to ¢nsure that bubbles do not collect on the hydrophone nor anywhere in the bd

The conductivity of the water shall be suitable for the hydrophone being used. The ¢

data of th
and at ap

NOTE De
reduce the

5.3 Me

In the dry

— material and thickness of ‘a. tissue mimicking pad;

— coupl

silico
— coupl
— coupl

ical conductivity of water in a measuring tank;

ved oxygen content of water in a measuring tank.

] water (see IEC TR 62781 for recommendations) at/a-specified nomi
ire should be used in the measuring tank (test chamber)\which shall be larg

hal room
e enough

he measurement environment to approximate free-field conditions. Great car¢ shall be

e hydrophone shall be known at the temperature of the water in the measy
propriate frequencies.

pbending on the rarefactional amplitude p, of-the pressure pulses, ultrapure water can be 9
occurrence of cavitation nuclei.

asurements in the dry test bench

test bench, the followingparameters shall be considered and documented:

ng conditions between source aperture and tissue mimicking pad (e.g.
he oil, ultrasound coupling gel, grease);

ng force af‘the pressure probe or hydrophone to a tissue mimicking pad;

ng force-of the source aperture to a tissue mimicking pad.

6 Test equipment

am path.
blibration

ring tank

dvisable to

dry, wet,

6.1 Water test chamber

The test chamber shall be a water tank constructed in a form that can be securely fixed to the
pressure pulse generator so that the acoustic output from the pressure pulse generator is
coupled into a volume of water. The chamber shall be sufficiently large to allow the expected
position of any measurement point to be several centimetres away from any reflective boundary,
in particular the water surface. The distance between all measurement points and reflective
boundaries shall be chosen such that no spurious or multiple reflections of the pressure pulse
interfere with the measurements. Thus, the distance between the measurement point and the
closest surface shall be at least

AT tropjm /2
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where

¢(T) is the speed of sound in water given in m/s as a function of temperature T;
ITotlim IS the total temporal integration limit and given in seconds.

There shall be a suitable mechanical holder for the hydrophone which is mounted on a
coordinate positioning system to allow adjustment and measurement of the position of the
hydrophone in three orthogonal directions relative to the measurement centre point. One
axis (usually the z axis) of the coordinate positioning system shall be collinear with the beam
axis. The relative position of the hydrophone shall be measurable with a precision of 0,5 mm
or better.

Care shgH-be—takente-ensure—that-couplng—membrane between-the-seuree—apefture and
the waterf do not influence the measurements. Coupling media, for example ultrasound coupling
gel, shall be applied as specified by the manufacturer if the source aperturecisingt directly
submerged in the water.

6.1.1 Coordinate system

source gdperture, which defines the measurement centre point:(All coordinates (x}y,z) shall

All meas’{rement coordinates and distances shall be given relative, to the centre of mass of the
be documented relative to the measurement centre point.

The coorflinates of the target location(s) shall be given-relative to the measurement centre
point.

6.1.2 Hydrophone for water test chamber measurements

The hydrophone shall have characteristicsscomplying with IEC 62127-1, IEC 621R7-2 and
IEC 62127-3.

The hydrophone shall have a frequency range from < 10 kHz to at least f,,4, Whefe f .« iS
calculatef according to Formula (2)'= see Annex C:

Jmax =9/t (2)

Calibratign shall be performed in the frequency range of 1/(2 IFWHMpc) t0 5 MHz in acfordance

with the fequirements;of IEC 62127-2, IEC 60565-1 and IEC 60565-2. The frequency fesponse
shall not [vary by more than £3 dB over the calibrated frequency range. The effective|diameter
of the hydrophone should be as small as possible and its value shall be stated.

NOTE 1 Thefower frequency limit of current hydrophone calibration according to IEC 62127-3 is 0,5 MHz. For the
calibration atfowerfrequencies;, refertotE€- 66565~ +—amdtE€C665652—mmmmmm™™™™8888™X™™

NOTE 2 The upper frequency limit of the hydrophone as defined here is sufficient as long as no significant non-
linear steepening of the signals occur in the pressure pulse field.

6.1.3 Hydrophone for pressure pulse measurements

Examples for appropriate hydrophones for pressure pulse measurements are listed in
Table C.1.

For quality assurance, consistency checks may be required for periodic measurements of the
pressure pulse source in order to assure that the device remains inside the specifications.
These consistency checks can be required at regular intervals, for example each year, and
additionally after servicing and repair. The hydrophone for quality assurance purposes shall
have a robust construction and shall have a frequency response which does not vary by more
than +3 dB per octave over the frequency range from 0,5 MHz to 5 MHz. The effective diameter
of the hydrophone should be as small as possible, it shall not exceed the source aperture
and its value shall be stated.
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Measurements undertaken using the hydrophone should not vary by more than +10 % over the
duration of the measurements. If they do, additional investigative studies should be carried to
establish whether the variation is due to the variations in source output or a change in sensitivity
of the hydrophone employed. This might involve using an alternative hydrophone or changing
the experimental conditions. Regular re-calibration of the sensitivity is advisable
(see IEC 62127-2:2007, 5.4).

Data measured with the hydrophone for quality assurance purposes shall not be published
as absolute values for the characterization of a pressure pulse source.

Examples for appropriate hydrophones for quality assurance measurements are listed in
Table C.2.

Two diffirent hydrophones are permitted because many of those suitable for measprements
at close glistances to the source aperture, in particular on the z-axis, are very-fragilg. A more
robust, lgss highly specified device is therefore permitted for general field measurenfents and
for use in the dry test bench.

Care shdll be taken when selecting a more robust hydrophone to select a type which will
provide the needed linearity and peak-negative acoustic pressure values of the high acoustic
pressure$ encountered.

If only mgasurements at the beam axis are done, for example in the dry test bench|then the
effective diameter of the hydrophone may be larger butshall not exceed the source aperture.

6.2 Dry test bench

The dry fest bench provides a convenient tool\for rapid measurements of some of the key
parametgrs of the pressure pulse source. |t-avoids the use of a water bath, which is difficult
when mepsurements have to be done in théeproduction line, on the premises of a hogpital etc.
Additiondlly, the test bench setup and adjustments of the pressure pulse source requjre no lab
environmlent and can be done in a short'time, even by trained personnel in the medical|practice.

The dry tgst bench (for a design example, see Figure C.1 and Figure C.2), consists of a|platform,
a pad holder, and a holder for the hand piece. A hydrophone as described in 6.1 is located
inside tHe pad holder containing a silicone pad which mimics human tissue [(1). The
hydrophpne is attached to’the silicone pad and needs to be coupled bubble-free td the rear
surface df the pad in_order to pick up the pressure pulses released from the source jJaperture
through the pad. Asmechanical fixture holds the hand piece in a stable position (2) apd a rear
holder exerts an(adjustable retention force to the rear side of the hand piece (3), which shall
fulfil the [requirements of the application force which is defined by the manufacturgr for the
intended [use‘\of the pressure pulse equipment. The source aperture is in contac{ with the
silicone gad on the adjacent side of the hydrophone.

Coupling media, for example ultrasound coupling gel, shall be applied between source
aperture and pad as specified by the manufacturer as coupling conditions to the human skin.
In the case of a concave source aperture surface, particular care shall be taken not to trap air
bubbles between source aperture and pad.

NOTE For different medical applications, the specified application force can differ.
6.3 Voltage measurement
6.3.1 Oscilloscope or transient recorder

The device used to observe and measure the hydrophone output signal shall be appropriate
for the purpose, its frequency response and input capacitance and resistive impedance shall
be reported. A digital oscilloscope with a sampling frequency greater than 100 MHz is the
preferred option, although a transient recorder and digital storage for subsequent computer
display may be satisfactory.
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The end-of-cable loaded sensitivity of the hydrophone shall be determined as specified in
5.1.2 of IEC 62127-1:2007; this value shall then be used to calculate the incident acoustic
pressures from the observed hydrophone output voltages.

6.3.2 Pressure pulse waveform recording

The output voltage waveform from the hydrophone shall be recorded in such a way as to allow
the measurement or calculation of:

— instantaneous acoustic pressure, p(¢);

— peak-negative acoustic pressure, p;

— peak-positive acoustic pressure, p;

— rise tjme, t
— comgressional pulse duration, IFWHMpc;
— instaptaneous intensity, 1(2).

This reqyires using an oscilloscope or transient recorder set at sampling)frequency, which is at
least two| times higher than the maximum frequency contained in the pressure pulge signal.
For practjcal purposes, the maximum frequency should be at least®/s,.

A typical|pressure pulse waveform is shown in Figure 1.
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Figure 1 — Typical pressure pulse waveform at 2 mm distance
from a ballistic pressure pulse source

7 Measurement procedure

The measurements shall be made at a minimum of three energy settings of the pressure pulse
equipment: minimal, clinically typical and maximum setting. If only one setting is used, this
setting shall be the maximum available for clinical application. The settings used shall be
documented. If the device has exchangeable applicators (e.g. different size, shape or weight),
the parameters shall be measured and documented for each applicator.
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Measurements of the instantaneous acoustic pressure p(¢) shall be performed at single shots.
Measurement of the pressure pulse field parameters at the slowest possible repetition rate
(advisable: single pulse mode with pauses of at least one second) shall be made in the water
test chamber.

Measurements of the pressure pulse parameters pg, p, f, trwHmpe: P1(x.y,2) at fixed distances
from the source aperture along the beam axis shall be made at the lowest energy setting, a
typical clinical setting, and the highest setting. These measurements shall each be made at
three typical clinical repetition rates (lowest, typical, and highest) at 5 mm distance in the dry
test bench (see 6.2 and 7.4).

Depending on the used technology to produce the pressure pulses, some of the parameters

can varyWﬁhmﬁwdﬁwﬁmuﬁmmmﬂ-mrameters
should b¢ added by stating the standard deviation of at least N = 10 measurements.

An informative list of parameters of pressure pulse equipment is given-in Table D.1 to
Table D.%, along with references to Clause 3 and practical comments.

NOTE The decision on which parameters shall be delivered for clinical approval and~eommunication tp the users
can be idenftified by a risk analysis process, by appropriate safety standards if applicable, or by consulting notified
bodies, exgert communities (e.g. ISMST — International Society for Medical Shockwave Treatment) or th¢ literature.

71 Mgasurement procedure in the water test chamber
7.1.1 General

Using the x-y-z coordinate positioning system, withithe z direction being the beam jaxis, the
following|measurements shall be made to define the spatial characteristics of the beam.

The x aXis shall be taken as the direction~0f the maximum beam width in the }-y plane
perpendigular to the beam axis.

For every measurement, the coordinates of the hydrophone relative to the meagurement
centre ppint shall be documented.

NOTE If the peak-positive acoustic pressure p_  has a maximum along the beam axis which is higher than the
peak-posifive acoustic press@re‘p_at the source aperture, this document does not apply, instead|IEC 61846
applies.

7.1.2 Spatial méasurements

The spat|al distribution of the acoustic pressure shall be measured in the water test ghamber.
The max|mum.-sampling interval shall be the lesser of 1 mm or 1/5th of the minimun] width of
the bean) =6/dB width in the x-y plane. It shall be the lesser of 2 mm or 1/5 th of the naximum
dimension of the beam -6 dB extent in the x-z plane. If the values of p. from sampling point to
sampling point do not differ by more than 10 %, the sampling intervals can be extended, for
example to 5 mm or 10 mm. The sampling intervals actually used shall be documented.

NOTE 1 In the case of a weakly focusing system, it can be worthwhile to perform measurements in the plane of the
target location parallel to the source aperture to locate the beam pressure maximum of that plane and hence
define the direction of the z axis, before making other measurements (see Annex C).

NOTE 2 The direction of the x axis will be provisional until the plot detailed in 7.1.2 or 7.1.3 has been completed.

Care shall be used in selecting hydrophones of sufficient linearity in negative and positive
acoustic pressure regions so that the —n dB measurements can be made without distortion of
the pressure pulse signals.
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The first set of spatial measurements shall be determined to find the beam axis, starting at the
smallest possible z-distance (e.g. 1 mm) from the measurement centre point. Examples for
typical axial pressure distributions and their parameters are given in Figure 2 (non-focusing)
and Figure 3 (weakly focusing).
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19 5 MPa beam isobar extent Zhe 5MPa

Figure 2 — Typical'pressure distribution along the beam
axis of amon-focusing pressure pulse source
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Figure 3 — Typical pressure distributionyalong the beam axis
of a weakly focusing pressure pulse source

The next| measurement shall be along the beam.‘axis (z-axis), which is perpendicular to the
source gperture in order to identify the existence and position of local maxima. If they exist
but are not higher than the peak-positive acoustic pressure p, at the source apernture, the

weakly fqcusing character of the source isiconfirmed. If the peak-positive acoustic pressure
p. has al maximum along the beam axis which is higher than the peak-positive mcoustic

pressurg p. at the source aperture,this document does not apply, instead IEC 61846 applies.

In order I) allow comparison ,of several pressure pulse sources, the spatial acoustic|pressure
distributipns in the x- and y=directions shall be measured at z =5 mm = 3 mm from the source
aperture} the z position shall be documented.

Depending on the) character of the source (non-focusing or weakly focusing), further
measurement planes shall be selected as indicated in 7.1.3 to 7.1.12.

7.1.3 Non-focusing source

In the non-focusing case, the peak-positive acoustic pressure p. has its maximum at the

source aperture. In this case, the first measurement distance from the source aperture
surface for measurements in x- and y- direction shall be z = 5 mm + 3 mm. Further measurement
distances from the source aperture may be chosen. The closest z position shall be as close
to the source aperture surface as feasible, for example z=1 mm or 5 mm.

NOTE In the case of mechanical applicators, the applicator can make an inertial oscillatory motion about its resting
position, caused by the impact of the projectile. The maximum excursion amplitude of the applicator from its resting
position needs to be taken into account.

The maximum excursion amplitude can be determined either by the technical description from
the manufacturer or by approaching the applicator with the tip of a thin rod (e.g. a copper wire
or a needle) on the applicator axis while pressure pulses are released, until the rod is hit by
the applicator. An appropriate minimal measurement distance then is 1 mm from the hit position.
The maximum excursion amplitude shall be documented.
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The z distances should be chosen such that the beam axis can be found with good accuracy,
and sufficiently low uncertainty for the determination of beam width parameters can be
established. Starting from each z position, lateral (x- and y-) measurements shall be made in
both + and - direction at least at three z distances from the source. The farthest measurement
plane should be chosen far enough to easily identify the beam —-n dB extent, and other beam
isobar extent(s).

The measurement distances should be chosen at typical target locations for the medical
applications the device is intended for. If the device is intended to be used for different medical
applications, then at least the closest and the farthest locations should be considered, for
example for skin treatment < 5 mm, for rotator cuff tendons 20 mm etc. Other typical distances
are 1 mm, 10 mm, 20 mm etc. The parameters shall be documented in a way that the
measurement distance is clearly stated.

7.1.4 Weakly focusing source

In the wegakly focusing case, one of the z positions and the respective x-y mieasurement plane
shall be| at the z-position of beam pressure maximum distance.CAt" least two other
measurement planes shall be before and after this position at a distanee which establfishes the
intended [treatment focal volume.

Depending on the construction of the pressure pulse source, the pressure pulse wave field
can be focused or weakly focused in one direction, and non-focused in the orthogonal firection.
In order fo document the focusing parameters, it may be necessary to make measprements
according to both this document and IEC 61846.

NOTE Thée note and the second paragraph of 7.1.3 also apply for weakly focusing sources.
7.1.5 Beam plots of peak-positive acoustic-pressure

The valugs of peak-positive acoustic pressure in the selected x-y planes shall be njeasured.
The valugs of n shall be determined by the manufacturer by an appropriate risk analysi$ process,
for example from literature or expert.input. The beam —n dB extents shall be determ|ned from
the —n dB contour plot.

At each Vjalue of y where the peak-positive acoustic pressure is measured, the pulsg intensity
integral ghould also be determined since the two curves are not identical and there can be
significarjt differences between the areas under the curve as calculated from peak}positive
acoustic| pressure versus pulse intensity integral (see 7.4).

The orientation of the x- axis shall be chosen such that it corresponds to the directipn of the
maximum beamwidth. The variation of peak-positive acoustic pressure in x-z and j|-z planes
shall be measured and plotted at least as a —» dB acoustic pressure contour in eagh plane.
Appropriate-values of »n shall be determined by the manufacturer by an appropriate risk analysis

process, from literature or by consulting experts.

7.1.6 Beam plots of peak-negative acoustic pressure

The values of peak-negative acoustic pressure in the selected x-y planes shall be measured
at the same z positions as above. These measurements shall be used to estimate the site and
magnitude of the maximum peak-negative acoustic pressure. These measurements are very
difficult to make in practice and the limits for spatial sampling intervals may be relaxed. If the
difference in p, does not exceed 10 % from point to point, the sampling intervals may be chosen

accordingly. The intervals used shall be documented. Particular care needs to be taken in the
event of cavitation, which usually results in large signal variations from pulse to pulse,
particularly in the negative pulse portions. Such events shall be reported.
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NOTE The occurrence of cavitation becomes more likely at repeat rates higher than 1 per second, if the water is
contaminated with small particles such as dust or contains dissolved gas (e.g. more than 2 mg/l dissolved oxygen).
Cavitation bubbles at the hydrophone surface can also damage the hydrophones. In order to reduce cavitation,

long pauses between single pulses and the use of ultrapure water are advisable.

71.7 Measurement centre point and beam axis

The measurement centre point shall be located at the source aperture centre of mass. The

position of the centre of mass can be taken from drawings or approximated from th
aperture width and the source aperture width, orthogonal.

The beam axis location of the beam pressure maximum and the target location(s
determined to a precision of £2 mm in the x and y directions and £3 mm in the z direc

e source

) shall be
tion.

7.1.8 eam width measurements

Regarding the width of the —» dB contour in the x and in the y direction, the beam—n dB width,
maximum, and the beam -n dB width, orthogonal shall at least be mgasured in a plane
perpendigular to the beam axis at the z-position of the target location oratz=5 mm = 3 mm

from the [source aperture. The chosen z-position shall be documented. The values

bf n shall

be determined by the manufacturer by an appropriate risk analysis process, from litgrature or

expert cgnsultation.

Regarding the width of any » MPa contour in the x and in the yrdirection, the beam isob
maximurm and the beam isobar width, orthogonal shall bexmeasured in a plane perp
to the beam axis at the z-position of the target location 6ratz =5 mm + 3 mm from th
aperture|or at the z-position of the measurement centre point. The chosen value(s
the z-posjtion shall be documented.

NOTE Repsonable values of n which are to be delivered for clinical approval and communication to thg

be identifief by a risk analysis process, by appropriate safety standards if applicable, or by consulting noti

expert communities (e.g. ISMST — International Society’ for Medical Shockwave Treatment) or the literatd

The folloing Figure 4 shows typical lateral distribution plots and parameters of non
(left imade) and weakly focusing (right-image) pressure pulse sources.
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Figure 4 — Typical lateral pressure distributions of p_. at the beam
pressure maximum of two ballistic pressure pulse sources
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7.1.9 Beam pressure maximum extent measurements

The beam pressure maximum isobar extent, which is length of the n MPa contour along the
z direction, shall also be determined from measurements along the beam axis.

In the case of a weakly focusing pressure pulse source, the beam pressure maximum -»n dB
extent which is the length of the —n dB contour along the z direction, shall be determined from
measurements along the beam axis.

In the case of a non-focusing pressure pulse source, the first axial position of the —n dB
contour is at the source aperture.

Reasonapte—vatues—e rreh-shattbedetiveree svatamd-communication to the
users cafn be |dent|f|ed by a risk anaIyS|s process by approprlate safety standards if\applicable,
or by conpsulting notified bodies, expert communities (e.g. ISMST - International“S¢ciety for
Medical $hockwave Treatment) or the literature.

7.1.10 PBeam cross-sectional area and beam pressure maximum cross-sectional area

The beam cross-sectional area at any z-position and the beam pressure maximum cross-
sectional area shall be established from lateral measurements along the x- and y-aXes at the
respective z-positions measured in the water bath. The z-positiohs shall be given as qubscript.

NOTE It i$ reasonable to approximate the beam pressure maximum. cross-sectional area to an ellipsg with axes
of lengths f and j;_ (weakly focusing) or b _and b (non-focusing).

7.1.11 PBeam pressure maximum volume measurements

Applies fpr weakly focusing sources only. In the-case of a weakly focusing source, the beam
pressurg maximum - dB volume and the beam pressure maximum isobar volumg(s) shall
be established from the spatial distributionsmeasured in the water bath.

NOTE It i$ reasonable to approximate the beam pressure maximum volume to an ellipsoid with axeg of lengths

Wmax,x‘z‘n‘ max,y,z,n and Zb‘n and Wmax‘x,z,nMPa' Wmax‘y‘z‘nMPa and Zbe,nMPa
7.1.12 PBeam volume

The bearh —n dB volume'‘and the beam isobar volume(s) shall be established from [he beam
width and beam extent atthe respective z positions; the z position shall be given as sjbscript.

NOTE 1 I{is reasonable to approximate the beam volume to an ellipsoid with axes of lengths w_ ., . . and

Zbe,ndB and Wmax,x‘z‘nMPa' Wmax,y‘z,nMPa and Zbe,nMPa'

NOTE 2 Heasonhable values of n which shall be delivered for clinical approval and communication to thg¢ users can
be identifietbyarrskamatystsprocess by appropriatesafety standardsifapptcabteorbycomsuttimgmotitied bodies,
expert communities (e.g. ISMST — International Society for Medical Shockwave Treatment) or the literature.

7.2 Temporal measurements

A hydrophone should be positioned at the beam axis in such a way as to register the peak-
positive acoustic pressure to the best achievable precision, i.e. the measurement should be
repeated at any z-position by varying the x- and y-position of the probe until the point of
maximum pressure is identified. Temporal measurements of the pressure pulse waveform p(7)
shall be repeated at least 10 times. Standard deviations and coefficients of variation shall be
reported.

In the case of weakly focusing sources, the pressure pulse waveform p(¢) shall be measured
at the acoustic beam pressure maximum distance. As the position of the acoustic beam
pressure maximum distance varies depending on the transducer design, these measurements
shall be done in water.
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In the case of non-focusing sources, the measurements shall be made at 5 mm £ 3 mm in front
of the source aperture.

The following parameters shall be derived:

— peak-positive acoustic pressure;

— peak-negative acoustic pressure;

— compressional pulse duration;

— rise time.

7.3 Acoustic energy measurements

7.3.1 1

The follgwing quantities shall be calculated using the hydrophone measurements of the
instantaneous acoustic pressure-time curves p(r,¢,¢) from 7.3 in an area S arpund fhe beam
axis at distance z from the measurement centre point, at the points (A9) given in polar
coordinafes, where r denotes the distance of the point from the beam axis;'and ¢ is the angle.

7.3.2 Pulse-pressure-squared integral

The pulse-pressure-squared integral at any point (r,¢) shall be given by:

ppsi(r,p) = Lpz (r o.1)ds (3)
where
p(r,,t) is the instantaneous acoustic pressute at position (r,¢) and time ¢.

The temporal limits over which integration isperformed, T, shall be stated and can |pe either
tpt lim OF {Tot.lim ©F {PtuMPa.lim OF ITot.xMPa limi-they shall be documented as a subscript.

7.3.3 Derived pulse-intensity integral

The deriyed pulse-intensity integral at any point (r,¢) shall be given by:

PH(V@):%ppsi(r,w):%J‘ P (rot)dt (4)

T
where
Z is the|characteristic acoustic impedance of water (see Annex C).

The temporal-limits over which integration is performed, 7, shall be stated and can |pe either
Lot im OF 1Ll Loy mporsim—0l Lror mretm—t€Y shall be documented as a subscript.

Pt,lim

7.3.4 Derived beam —n dB pressure maximum acoustic pulse energy

The derived beam —n dB pressure maximum acoustic pulse energy shall be calculated from
the pulse-pressure-squared integral taken within the region of the beam pressure maximum
—n dB cross-sectional area. The derived beam —n dB pressure maximum acoustic pulse
energy may be calculated from:

1
Eopm s = I, p*(rot)dsdr = [ Pil(r.p)ds (5)

where

S is the surface lying in the plane passing through the beam pressure maximum distance
and perpendicular to the beam axis, with spatial polar coordinates r and ¢; bounded by the
—n dB contour.
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Reasonable values of » which shall be delivered for clinical approval and communication to the
users can be identified by a risk analysis process, by appropriate safety standards if applicable,
or by consulting notified bodies, expert communities (e.g. ISMST - International Society for
Medical Shockwave Treatment) or the literature.

7.3.5 Derived acoustic pulse energy

The acoustic pulse energy shall be calculated from measurements of the derived pulse
intensity integral taken within an area S defined as a circular cross-sectional area of radius R
around a z position on the beam axis.

L —1“‘ 22 (r o f\r]QJf—f PI(x @)dS (6)
oz gt T Js Ty

The valug¢ of R shall be specified and should be chosen to mimic a typical treatment|area, for
example [10 mm. The values of R and z and the integration time T shall be stated as slubscripts
of E, for ¢xample E10mm,T.z-

7.4 Dry test bench measurements

With the dry test bench, measurements on the beam axis at afixed distance from thg source
aperture| can be made at higher pulse-repetition rates. At¢ingle pulses and at higher pulse
repeat raLes, parameters which can be measured in the dry test bench are:

deriv

d instantaneous intensity /(x = 0,y = 0,z = Lp,t)

— instaphtaneous acoustic pressure p(x = 0,y =0z = Lp.t)

— peakqnegative acoustic pressure p(x = Qy =0,z = Lp)

— peakqjpositive acoustic pressure p (x5 0,y = 0,z = Lp)

— pulsd-pressure-squared integral ppsi (x = 0,y = 0,z = Lp)
— risetime (x=0y=0z=L,)

— comgressional pulse duration ey ypc(x = 0.y = 0.2 = L)
— derivpd pulse-intensity integral P/I(x = 0,y = 0,z = Lp)

Ly is the fhickness ofithe tissue mimicking pad of the dry test bench, which also determines the

distance [of the hydrophone from the source aperture. The use of the dry test bé¢nch and
procedurgs are-described in Clause C.4. It is advisable to demonstrate the similar|ty of the
pressurettimé-signals measured in water with the signals in the dry test bench in single-pulse
mode as |[deseribed in C.3.4 (proof measurement).

NOTE 1 The dry test bench can also be used for the evaluation of signal stability at higher pulse repetition rates.
These measurements are of particular interest in quality assurance and device servicing.

If no absolute pressure values, in particular only peak-positive acoustic pressure values, are
needed, hydrophones as defined in Table C.2 may be used. In this case, other parameters
can be subjected to large measurement errors and should not be used.

NOTE 2 The dry test bench can be used for ballistic pressure pulse sources with mechanical applicators. Due to
different mechanical construction, it is possible they are not applicable for other pressure pulse sources, for example
piezoelectric, electromagnetic or electrohydraulic.

NOTE 3 Due to possible reflections of the pressure pulse at the hydrophone, the time signals p(x = 0,y = 0,z =
Lp,t) and parameters derived thereof are only valid for a maximum time which can be estimated by 2 x Lp/cp,where

o is the longitudinal speed of sound of the tissue mimicking pad material, which for silicone typically lies in the range
900 ms~' to 1050 ms™'(data taken from [35]).
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Annex A
(informative)

Acoustic pressure pulse therapy

A.1 Background

A.11

General

IEC 2020

Non-focusing and weakly focusing (in most cases ballistic) pressure pulse sources are used
for the extracorporeal treatment of soft tissue pain situations in for example the shoulder, the
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since 1993, initially using lithotripter-like electrohydraulic, electromag
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Development of relevant measurement standard

5t, the acoustic parameters-of the non-focusing pressure pulse sources, lik
were often stated in terms of IEC 61846, which describes strongly focused

racteristics comparable to those of pressure pulse therapy, the acoustic fig
tly in their extensions and propagation characteristics. In particular, th
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Although the theory behind the biomedical effects of the pressure pulses inside the body is

not comp

letely established, some facts can be mentioned:

— a decreasing level of pain in the target area during 30 pulses to 100 pulses by influencing

the th

reshold of nerve reaction;

— aggregation of biochemical substances associated with pain and inflammatory processes
like substance P, which is known as a pain mediating amino-acid built in afferent neurons
of spinal nerves, etc.;

— generation of capillary blood vessels in the treated regions in the time after treatment.

A.1.4

Availability of clinical and technical data

Despite the fact that non-focusing pressure pulse sources have been in clinical use for
20 years, there is still a lack of studies, which satisfy all the conditions of evidence-based
medicine. In particular, the amount and quality of measurement data mostly is not yet sufficient.
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This lack has hampered gaining better knowledge on the bio-effects and potential side effects,

as well a

s linking these effects to the acoustic output data of the devices.

A comparative study of certified devices and a post-marketing surveillance study of the clinical
usage could strongly help this situation.

It is also strongly encouraged to publish the technical data either in peer reviewed journals or
at least make the data publicly accessible for everybody, for example on websites of the
manufacturers or scientific communities.

A.2 Other treatment devices and methods not subject to this document
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Annex B
(informative)

Types of pressure pulse transducers

B.1 Overview

B.1.1 General

Several techniques are at present employed for the generation of the required pressure pulse,
the operatlng pr|n0|ples belng mechamcal ex0|tat|on (balllstlc) rail gun type ex0|tat|on spark
dischargg - : - use other
sources, | for example based on multlchannel dlscharge shock wave sourpes and
microele¢tromechanic (MEMS) technologies. In the electrical systems, the short ddrgtion high
peak engergy is supplied by the electrical discharge of a bank of capaeitors| into an
electromgchanical transducer. The ballistic system employs a projectile, which is propelled by
pressurizied air pulsed towards the rear side of the applicator.

Typical pulse repetition rates range from one per second to 21 per,second. Both driving energy
and pulse repetition frequency can be adjusted, sometimes supported by a graphical user
interface|and a data base of predefined treatment applications;

B.1.2 Principle of ballistic pressure pulse sources

The pressure pulse sources use pressurized airMo drive a cylindrical metal projectile
(typical mass 3 g) guided in a tube of about 20 cm, length onto the rear surface of @ circular
cylindricgl rod or cone waveguide (applicator,smass about 30 g). The patient side gurface of
the waveguide can be a flat, concave or convex shaped piston with a diameter of|6 mm to
36 mm (typical value 15 mm); it is the source aperture in most known devices.

When th¢ applicator is hit by the projectile, a pulsed compression wave travels thqough the
material and is transferred at the adjacent side, which is the source aperture, into the patient
via a coupling gel. This pulse has a-duration of about 4 ys and can be adjusted to an amplitude
of about B MPa to > 10 MPa. Depending on the shape of the applicator, some smaller pulses
may occyr, which are generated by reflections of the stress waves inside the applicator.

After the rapid compression pulse (and its reflections), a slower inertial motion of the applicator
due to thf impulse impact of the projectile occurs. It has some 100 ys to several milliseconds
duration @and is damped by elastic rings, which reduce the excursion of the applicator tp minimal
distanceg (< 1+mm). The measurement and description of this inertial motion of the applicator
is outsidg the\s¢ope of this document. A measurement method is described in [1] and discussed
in [2].

The components of the pressure pulse source are composed in a "hand piece", which is
manually guided by the clinician during treatment.

B.1.3 Rail gun principle

A rail gun type generator consists of an electrically conducting coil, which accelerates a
projectile when the coil is energized by electrical current. The projectile is guided in a tubular
barrel towards the rear side of the applicator. The pressure pulse is then generated the same
way as described in B.1.2 (ballistic principle).
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B.1.4
B.1.4.1

Further generation principles

Spark gap

A spark gap, often mounted in a focus of a reflector, is used to generate the pressure pulses.
Further information on spark gap sources is available in IEC 61846. The reflector may be
shaped to generate a divergent, strongly focused, planar or weakly focused wave. It is closed
by a flexible diaphragm and filled with degassed water or other acoustically efficient
transmissive liquid. Application to the patient may be done by enclosing the source into a hand
piece and many different versions are available.

Close control of the duration and intensity of the discharge is necessary and the electrical
charge characteristics are accurately monitored.

B.1.4.2

The tran
compose
Each ele
energies

Piezoelectric

sducer consists of a single piezoelectric ceramic plate or — more, .frequg

ment is synchronized to ensure simultaneous operation. In order’to allow f
two or more layers can be stacked.

For wealf focusing, plane wave sources can also be used and“focusing is produg

acoustic
spherical

B.1.4.3

enses manufactured from plastics or metals. Self-focusing designs are ach
shaping of the backing plate.

Electromagnetic

One typd of electromagnetic transducer employs‘@ spirally wound "pancake" coil tq
metal diaphragm in a liquid-filled cylinder. The*plane wave front may be focuseg

acoustic
diaphrag

Another

m.

type uses a cylindrical eléectromagnetic transducer mounted on the ax

approprigtely shaped reflector, which’converts the radial acoustic wave into a planar o

wavefron

B.2 N

The term
in some
focusing'
aperture.
Clause 3

t towards the patient.

pn-focusing and focusing transducers

"focusing” transducer is commonly used for a device which has a smaller be
Fegions (ofi the pressure pulse field than a device which is "non-focusing”
transducer can still have a minimum beam -6 dB width at a position far
More information on different types of transducers is given in IEC 61§

ntly — is

d of piezoelectric ceramic elements mounted in a mosaic pattern<on backing plate.

pr higher

ed using
ieved by

move a
with an

lens. The front of the cylinder in_contact with the patient is closed by a flexible

is of an
r focused

am width
A "non-
from the
28:2001,

For pressure pulse transducers described in this document, the differentiation between

focusing,

non-focusing and weakly focusing is not useful from practical aspects.

1) The measurement of the —20 dB source aperture width is difficult, since it requires
measurement of acoustic pressures that are —20 dB below the maximum compressional
acoustic pressure in a plane as close as possible to the transducer. It may be especially
difficult in focusing sources, since particularly with these sources the absolute levels in that
plane are low.

2) The distinction between non-focusing and weakly focusing sources depends on the
measurement of the beam pressure maximum compared to the peak-positive acoustic
pressure at the source aperture. If the signal is noisy, the same source could be either
classified as non-focusing or weakly focusing with some consequences in further
parameters to be reported.
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In order to overcome the limitations and problems, an alternative for focus type differentiation
is used in this document: a focused pressure pulse field. It is the field of a transducer having
a beam pressure maximum distance that is larger than the beam pressure maximum -6 db

extent, i.

€. Zbpm > Lbpm,6dB.

NOTE 1 If the beam pressure maximum -6 dB volume can be described as an ellipsoid, the ellipsoid is fully outside

the source

aperture.

Strongly focusing sources, as used in pressure pulse lithotripters as well as in other pressure

pulse eq

uipment, are described in IEC 61846.

The scope of this document is to deal with non- or weakly focusing sources. If the beam
pressure maximum distance is less than or equal to the beam pressure maximum -6 dB

extent, then the pressure pulse field is non- or weakly focused.

There is
focusing

— focal
z is th
— focal
— focal
— focal
— focal

— focus
NOTE 2 t

In order

an equivalent parameter for each focal parameter, which shall be stated for weakly
sources only:

Cross-sectional area = beam pressure maximum ... cross-sectional area af z, where
e beam pressure maximum distance on the beam axis.

extent = beam pressure maximum ... extent

volume = beam pressure maximum ... volume

width, maximum = beam pressure maximum ... width, maximum
width, orthogonal = beam pressure maximum . width, orthogonal
= beam pressure maximum distance

e "..." stands for isobar or —n dB.

o distinguish between non-focusing“and weakly focusing sources, the decpy of the

peak-po
away fro
— Thei
1/(z
focus

along
comp

comp

the sq

itive acoustic pressure p_ relative to the beam pressure maximum in the|direction
the source aperture shouldbe used.

eal decay of the acousticpressure p. of a ballistic or radial pressure pulse [source is

Zomax )> Where z, - is the position of the beam pressure maximum distance. Weakly
ng sources decay.ata slower slope due to focusing. Quantitative criteria: me¢asure p_

the beam axis. With a planar pressure pulse source, the ratio between the peak
ressional pressure p. at a distance of 20 mm along the beam axis and fthe peak

source is non-focusing.

B.3 Examples of pressure pulse sources and their parameter sets

Figures B.1 to B.3 show sketches of the geometry of several pressure pulse sources.
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Figure B.1 — Applicator dlreﬁy coupled to the patient
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Figure B.2 — Pressure pulse source, non-symmetric (linear),
directly coupled to the patient
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bperture

bperture width D

Bperture width, orthogonal D,

Kis (z)

L stand-off, for example coupling pad or water

Figure B.3 — Pressure pulse source, symmetric, distant from the patient

24 and Figure B.35 show sketches of .typical pressure pulse field distribu

cal axes and the coupling situation teithe patient.
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Figure B.4 — Applicator Figure B.5 — Non-focused
coupled to patient pressure pulse field
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Figure B.6 and Figure B.7 show sketches of typical non-focused pressure pulse

distributions and parameters.

3
< . B
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IEC
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2 beam pfessure maximum distance Zhpm

3 —6 dB qontour of beam —n dB volume in the x,y plane

4 beam pfessure maximum -6 dB width, maximum Whpm,x.6dB

5 beam —6 dB extent 7y 6dB

6 target Ipcation V, at (0, 0, z,)

7 beam —6 dB width, maximum in the target location plane (&}, z,), w

Figure B.6 — Non-focused pressure pulse field -n dB parameters (example: #

max,0,z,6dB
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8 n MPa contour of beam isobar volume in the x,z plane
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10 n MPa beam isobar extent Zhe aMPa

Figure B.7 — Non-focused pressure pulse field isobars

max,x,z,nMPa

at an axial position z

6)

field

IEC

Figure B.8, Figure B.9, and Figure B.10 show sketches of typical weakly focused pressure

pulse field distributions and parameters.
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Figure B.8 — Weakly-focused pressure pulse,field -6 dB contour and parameéters
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Figure B.9 — Weakly-focused pressure pulse field volume and isobar parameters
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Figure B.10 — Weakly-focused pressure pulse field parameters

B.4 Positioning and targeting methods

The accurate external positioning of the pressure pulse source is of great importance to
ensure therapeutic success and avoid side effects. Lithotripsy devices using focused pressure
pulses always need an imaging device to target the stones.

In contrast, pressure pulse devices for pain therapy are often applied by targeting at the point
or the area of maximum pain, which is indicated by the patient and may be adjusted during
treatment by asking for patient feedback. In order to achieve the intended therapeutic results,
the physician needs to know the position of the target location for the intended treatment,
which should be stated by the manufacturer of the device, for every intended medical
application. In some devices, the target location may be adjusted by pads, or by variable
coupling bellows or other means supplied by the manufacturer.
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Annex C
(informative)

Field measurement

C.1  Measurement probes and hydrophones

A number of pressure wave measuring devices have been used for determining the
characteristics of lithotripter fields (see [1]). Conventional hydrophones and pressure
transducers are generally inadequate for these measurements due to the transient nature of
the pulse, the short rise-time and the very short time of the occurrence. The high pressures
found in e fretdandthe beanm maximumm of typicatmon-focusimyg and weakty focusing pressure
pulse squrces enforce limitations on the type of detector not normally found|in other
applicatigns. The high-frequency response required, up to 100 MHz, for the(shorf-duration
pulses also imposes limits on the design of robust elements (see [20] [21]).

The meaguring hydrophone should ideally have a flat frequency respofnsg extending over the
range from well below the acoustic working frequency of the equipment usually apprpximately
0,1 MHz,|to a frequency as high as possible (see [21] and [22]). Thus‘ideally, the hydrophone
should have an overall frequency response flat to within +3 dB ovef the range of 0,0/ MHz to
10 MHz. |Furthermore, the hydrophone should also have an* active element of |effective
diameter|which is no greater than 1 mm over the whole ffequency range. It is realised that
currently(used hydrophones do not comply with this demanding specification. Thergfore, the
hydrophpne performance specifications given in 6.1.2-and 6.1.3 are strictly insufficier|t, but are
considergd practical and realizable at the present timé;

Below is|a general discussion about hydrophones and detection methods which have been
used to monitor and characterize pressure pulses.

Detectorg are required to perform two functions: measurement of the amplitude of the pressure
pulse at|the measurement point; trace of the shape of the pressure envelope. Piezoelectric
polymer membrane hydrophones: are widely employed (see Table C.1 and Table C.R). Some
hydrophpnes with a rigid backing to the polymer element do not reproduce the rdrefaction
portion of pressure pulses demonstrated with membrane type hydrophones. Cavitagtion may
also have¢ an effect on single:shots as the building of the bubbles takes some energy| from the
pulse. If gavitation occurs,-the rarefactional part of the pulse will be shortened.

Whichever type is dsed, care has to be taken to ensure that the output of the hydrophone is
properly [terminated” and handled before being fed into the measuring device. C:J)acitance
hydrophpnes-“and optical techniques involving interferometry are available buf require
relatively|complicated and difficult handling procedures.

Fresnel type acousto-optic hydrophones have been developed (see [11] to [14]). Quartz-glass
seems to be capable of reproducing the rarefaction acoustic pressure more faithfully than
membrane hydrophones. Due to the optical laser noise level, signals of acoustic pressure
smaller than 1 MPa may be subjected to noise. Fibre-optic types are reported to be more
sensitive to the presence of cavitation bubbles and the fibre tip has a more limited lifetime than
the glass-block type. However, their repair and recalibration are described as being
uncomplicated.

Piezo-optic hydrophones have the same high quality of pressure pulse reproduction as fibre
hydrophones, and they are more robust as fibre hydrophones, because they use a solid glass
block instead of the fragile fibre. The noise level is better than the noise level of fibre
hydrophones, but they require a comparably large space in the measurement tank.
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An electromagnetic probe has been developed [16] which is based on the pressure wave
stimulated movement of a metal ball coupled to a coil held within a magnetic field. This
extremely robust device is more useful for the indication of the total energy of the pressure
pulse rather than its shape.

Pressure sensitive paper is also available for use at the pressures found in the sound fields of
a pressure pulse device although its value for quantitative measurements is not clear (see [4]).

The spatial and temporal measurements are carried out only for the pattern evaluation and
basic evaluation in specialized laboratories with precision hydrophones and precision
instruments. The continuous day-to-day monitoring of pressure pulse source performance may
be carried out by scanmng in a few non-focal planes perpendlcular to the beam axis at specified
axial dista = 3 t need a
precision hydrophone W|th extended frequency range, but the hydrophone may bé chosen for
maximum) service life.

Table CJ|1 gives guidance on the choice of different hydrophones far.-pressufe pulse
measurements. Table C.2 gives guidance on other techniques and probes, which may be used
for quality assurance purposes.

Table C.1 — Hydrophone types for pressure pulsesmeasurements

Defscription Use Remarks Literature (expmples)
PVDF spof-poled Precision hydrophone Life may be/restricted to See [5] to [7], [184] and [19]
membrang of appropriate few pressure pulses
thickness
PVDF neeflle type Precision and quality Widely used for pressure |See [9], [10] and|[24]
assurance hydrophone pulse device
measurements
PVDF capgule type Precision and quality See [26], [30] and [32]

assurance hydrophone

Laser opti¢ fibre Precision hydrophone Easy repair and See [11] to [14]
recalibration following
stress failure, may suffer
with high noise level due to
quantum processes in the
laser

Piezooptic|pressure point |PrecCision hydrophone Easy repair and See [28], [31] to |33]
type recalibration following
stress failure, also as
multispot hydrophone,
requires more space in the
water bath than other
hydrophone types
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Table C.2 — Measurement techniques and probes for quality assurance purposes

Probe Features Parameter measured Literature (examples)
Capacitive coupling Large sensitive area Pressure waveform See [15]
Capacitively coupled PVDF |Large sensitive area, very |Pressure waveform See [8]
spot poled membrane robust
Steel ball Very robust Energy per pulse See [16]
Electromechanical Pressure waveform
Pressure sensitive paper Robust, qualitative field Spatial pressure See [4]
parameters distribution, semi

quantitative peak pressure

measurement
Piezoelecffic Robust Pressure waveform Used for quality, ¢ontrol of
hydrophohes with metal- stability of presspure pulse
coated elements generation

C.2 Water test chamber

C.2.1 General

The meagurement of the pressure wave and the mapping af,.the pressure pulse field can be
carried opt in a chamber filled with degassed water.

In one type of test chamber, a transducer positioning system is mounted at the tpp of the
chamber|with remotely controlled stepping motorscfor driving the hydrophone carrief in three
separate|axes. The pressure-pulse generator is\placed beneath the acoustic diaphjagm and
pressed firmly against it after coating with a coupling gel to assist in energy transfer| In some
pressurg pulse devices, the pressure-pulselgenerator may be inclined, and it will be necessary
to constryict the chamber base at a matching angle.

For meagurements of pressure pulse waveform and peak-positive acoustic pressgure, it is
essentiallthat the hydrophone i§ accurately positioned on the beam axis.

C.2.2 Degassing procedures

It is important that bubbles do not collect at the surface of the hydrophone, the surfdce of the
applicator or any ether surface in the pressure pulse wave path between hydrophone and
applicator. Measurements involving water baths should use degassed and — dependipg on the
type and[requirement of the hydrophone — distilled water. The requirement for degagsing may
be relaxgd if the interval between pulses is sufficiently long so that bubbles created have time
to be regbsorbed. Nevertheless, cavitation may also have an effect on single sho}s as the
building ] y . vitati ars, factional
part of the pulse will be shortened. In order to reduce cavitation seeds, it may be useful to use
ultra-pure water, if accessible.

A description of appropriate degassing methods is given in IEC TR 62781. The efficacy of the
procedure may be checked by determination of the dissolved oxygen content in samples of
degassed water using dissolved oxygen test kits or sensors.

C.3 Dry test bench

C.3.1 General

The dry test bench (for a design example, see Figure C.1) provides a simple means for
measuring on-axis pressure pulse data.
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IEC

hydrophone @nd*tissue mimicking pad chamber

hand piece Holder

Key

1
2

3 rear holder
4 base plate
5

adjustable retention-force spring

NOTE Items 1 to 3 are fixed to the base plate item 4.

Figure C.1 — Design example of a dry test bench in two views

A typical dry test bench consists of the following components.

e Test chamber with pressure sensor (Figure C.2). The pressure sensor is attached to the
back of the tissue mimicking pad, for example by holding it in place with a spring, rubber
bands etc. Acoustical coupling to the tissue mimicking pad needs to be assured, for example
by using a layer of coupling fluid like water, oil, grease, ultrasound coupling agent etc.
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e Tissue mimicking pad, made of silicone, 5 mm thick diameter, which shall be at least the
diameter of the source aperture. Typical material data: hardness 60 Shore + 5 Shore,
density 1,15 g/cm2 + 0,2 g/cm?2, tensile strength 5 N/mm?2, elongation at break 350 %, tear
strength 14,7 N/mm, translucent, corresponding to FDA § 177.2600.

e Holding bracket for the hand piece, which is able to hold the hand piece in a stable position
during measurements.

e Counter-force spring, which allows to press the hand piece with a static force to the tissue
mimicking pad.

e Pressure sensor, which has the same specifications as the hydrophone.

1]

;
- |
|

|
L

2—

f IEC

Key
1 opening for the applicator

2 tissue-mimicking pad

3 opening and fixture for the hydrophone
4

housing

Figure C.2 — Detajl-of the measurement chamber item of the dry test bengh

Some tyges of hydrophones may be used both in water and in the dry test bench.

NOTE 1 he dry test.bench can also be used for the evaluation of signal stability at higher pulse repeiition rates.
These meapurements are of particular interest in quality assurance and device servicing.

If no abso¢lute pressure values, in particular only peak-positive acoustic pressure v3lues, are
needed, hydrophones as defined in Table C.2 may be used. In this case, other parameters
may be subjected to large measurement errors and should not be used.

NOTE 2 The dry test bench can be used for ballistic pressure pulse sources with mechanical applicators, where
the front side usually is the source aperture. Due to different mechanical construction, it is possible they are not
applicable for other pressure pulse sources, for example piezoelectric, electromagnetic or electrohydraulic.

NOTE 3 Due to possible reflections of the pressure pulse at the hydrophone, the time signals p(x = 0,y = 0,z =
L,.0) and parameters derived thereof are only valid for a maximum time which can be estimated by 2 x Lp/cp, where

o is the longitudinal speed of sound of the silicone pad material.

C.3.2 Selection and attachment of the hydrophone

It is necessary to use a hydrophone which is to reproduce the pressure-time signal of the
pressure pulse source similar to the signal measured in water at the same distance from the
source aperture and lateral position at the same driver setting in single-pulse mode.
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Care shall be taken to attach the hydrophone in a stable position to the rear side of the tissue-
mimicking pad. In order to assure a good coupling between hydrophone and pad, a drop of
water, oil or ultrasound coupling gel can be used. Care should be taken that the hydrophone
does not bounce or is relocated from its original position during the measurement.

C.3.3 Attachment of the hand piece

The hand piece is placed in the hand piece holder and fixed (e.g. by levers, rubber bands etc.)
in a position which avoids lateral displacements during the measurements. The source
aperture is centred and pressed to the front side of the tissue-mimicking pad, for a good
acoustic transmission ultrasound gel can be used. The force exerted by the source aperture
on the pad should be similar to that described by the manufacturer for patient treatments. The
actual force is then exerted by changing/adjusting the spring at the rear holder and is monitored
during measurements by a force sensor.

Compresgion of the tissue mimicking pad by the force should be avoided. This“conjpression
would dgcrease the pad thickness and lead to measurement errors. The‘source [aperture
should b¢ prevented from compressing the pad, otherwise the proof measurement as described
in C.3.4 will also show higher pressure values with the test bench in eomparison to the water
measurements.

C.3.4 Proof of the similarity of measurements in water and the dry test bench

Similarity| of the signals can be demonstrated by recording‘the signal in water p,(7) and the
signal in the dry test bench p4(#) and then integrating thessquared difference of the signals over
the time fange T, which also is used for the calculation of-the derived pulse-intensity integrals,
such as #py |im OF I1ot lim OF /P, xMPa,lim OF {Tot,nMPa, liny

Py (1)

E:l(MT dt (C.1)

Proof is ¢stablished when the errot’E is less than 0,05. If this figure cannot be achigved, the
measurements shall be entirely made in water.

C.3.5 Special measurements with the dry test bench

With the dry test bench,.measurements of the pulse-to-pulse variation of the pressune pulses
at differgnt pulse #epetition rates can be done by recording the peak-positive jacoustic
pressurg p. amplitudes of at least 20 consecutive pressure pulses at a given pulse fepetition

rate, for |example 1 per second, 5 per second, 10 per second etc. Stable pressufe pulse
equipment/will only show minor deviations of p, from pulse to pulse. The deviationls can be

documented-by—giving-the-maximumn-differencesinp—ofthe20-consecH PLHS86—0 ystating
a statistical variation, for example the standard deviation.

Another measurement parameter is the constancy over time of the output of the pressure pulse
equipment. By recording the p, of at least 20 to 100 consecutive pressure pulses both from

the start of the pulse series as well as during continuous release of pressure pulses at a given
energy setting, the change of p values over time can be documented.
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C.4 Acoustic pulse energy

C.41 General

The energy per pulse can be calculated by integrating the field over the —n dB surface around
the axis, in the case of weakly focused fields in the focus plane. Reasonable values of » which
shall be delivered for clinical approval and communication to the users can be identified by a
risk analysis process, by appropriate safety standards if applicable, or by consulting notified
bodies, expert communities (e.g. ISMST - International Society for Medical Shockwave
Treatment) or the literature. Refer to Figure 1 and Figure 4 for explanation of some of the
parameters used to describe a typical pressure pulse waveform and spatial distribution in an
area S around the z-axis.

The energy in a pressure pulse in the area S can be approximated by:

1
E, :EJ.J‘SIpZ(x,y,t)dtdS (C.2)

where

p is the|acoustic pressure function;

S is thelmeasurement surface, in the x-y plane (in weakly fecused fields containing {he beam
presgure maximum);

t is timp;
Z is the|characteristic acoustic impedance of water (Z= 1,5 x 106 kg m™2 s~ 1)

For a beam with circular symmetry:
R

Ey, = 2an11(r)rdr (C.3)
0

where

D

R is the -n dB beam/radius based on the plot of peak-positive acoustic pressurg;
PII(r) is the derived pulse-intensity integral at the radial distance r, given by:

PII(r) :%j PP () di (C.4)

0

In evaluating E, the results from measurements along four radii along two orthogonal diameters
should be averaged. One numerical solution of Formula (C.3) is:

E:gi(PHi + Pl (7 =12 (C.5)

i=1

Here, it is assumed that a measurement of the beam has been made radially at N + 1 points
from » = 0 to » = R and that the derived pulse-intensity integral at point » = r, is PII,. Also

rog=0and ry=R.
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