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ABSTRACT: We scrutinized the acoustic outputs from the 70 shock wave generators of the 15 product models
whose technical documents were available, among the 46 ballistic extracorporeal shock wave therapeutic devices
of 11 domestic and 6 foreign manufacturers, approved by the Minster of Food & Drug Safety (Rep. Korea). We
found that the acoustic Energy Flux Density (EFD), the most popular exposure parameter, was different by up to
563.64 times among shock wave generators at their minimum output settings and by up to 74.62 times at their
maximum settings. In the same product model, the EFD was shown to vary depending on shock wave transmitters
by up to 81.82 times at its minimum output setting and by up to 46.15 times at its maximum setting. The lowest
EFD 0.013 mJ/mm? at the maximum output settings was much lower (2.1 %) than the maximum value 0.62
mJ/mm? at the minimum settings. The Large acoustic output differences (tens to hundreds of times)from the
therapeutic devices approved for the same clinical indications imply that their therapeutic efficacy & safety may
not be assured. The findings suggest the regulatory authority to revise her guideline to give clearer criteria for
clinical approval and equality in performance, and recommend the authority to initiate a post-approval
surveillance as well as a test in conformance between the data in technical documents and the real acoustic outputs
clinically used.
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Fig. 1. (Color available online) A photograph of the
main components of a commercial ballistic extra—
corporeal shock wave therapeutic device (Courtesy
of Cenowave—R, HNT Medical, Rep. Korea).
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Fig. 2. (Color available online) Principles of the pro—
duction of the ballistic shock waves used for extra—
corporeal shock wave therapy: (a) pneumatic and (b)
electromagnetic type.
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Fig. 3. (Color available online) Typical shock waves and their frequency spectra, measured in water on the surface
of the SWT using a laser Doppler method, for commercial ballistic ESWT devices: (a) pneumatic type (Zeus Wave,
Weverinstruments, Rep. Korea) and (b) electromagnetic type (Cenowave—R, HNT Medical, Rep. Korea). Note that
the SWTs employed in the shock wave generators have the diameter of 15 mm with a circular flat surface for
the pneumatic type and with a circular convex shape for the electromagnetic type.
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Table 1. Shock wave production types, manufacturers and product models of the ballistic ESWT systems clinically
approved by the MFDS of the Republic of Korea, obtained from the technical documents taken from MFDS website
(https://emed.mfds.go.kr). The technical documents are available for the 23 of the 46 product models produced
by 17 (11 domestic and 6 foreign) manufacturers, PMID is the product model identification, representing the
manufacturer number (MO1 ~ 17) followed by the model codes of ‘A ~ E for pneumatic types, and ‘a,b’ for

electromagnetic types.

Reg. date
Type Manufacturer MID Product model PMID Country (YMD)
) Swiss DolorClast(r) ok 04.12.07
EMSS?;Z;;Z I;/I;dlca] Mo1 Swiss DolorClast Master and Accessories HkkE Swiss 06.03.06
Swiss DolorClast Smart FkkE 11.04.01
D-Actor 50 ok 08.10.29
Masterpuls MP200 HkkE 09.11.12
MASTERPULS MP100 ok . 11.12.05
STORZ MO02 - Swiss
Duolith SD1 BT MO02A 13.08.19
Masterpuls MP 50 Ultra - 15.10.22
Masterpuls MP 100 Ultra MO02B 15.10.22
DJO FRANCE SAS MO3 2074 Intelect RPW unit - 230V HokkE France 11.07.19
BTL 6000 SWT Topline
BTL 6000 SWT Easy -+ 13.07.29
BTL Industries JSC Mo4 X-WAVE Optinal UK
BTL-6000 RSWT Pro MO4A 2,017
BTL-6000 RSWT Elite Mo04B o
ASTAR ABR MO5 Impactis M MO35A Poland 19.02.28
SONOTHERA ok
. SONOTHERA-S Hkk 07.11.15
Hanil-TM Mo6 Rep. Korea
SONOTHERA-P ok
SONOCURE MO6A 22.05.31
P i Gemini Gun Hkdk 09.02.02
neumatie ITC Mo7 R2 MO7A | Rep. Korea 20.12.02
Ulforce Radial MO7B 21.05.12
OPTIMUS-Pro MOSA 14.08.19
SALUS-RSWT Mo08B 14.08.19
SALUS-Heallaser MO08C 15.08.07
REMED MO8 Rep. Korea
SALUS-RSWT-DUET MO8D 18.08.22
SALUS-RSWT-EXPERT MOBE 19.01.25
SALUS-RSWT-II -+ 21.07.02
. Hi-Puls HP50
W-Medical M09 +HH+ Rep. Korea 13.12.19
HP50 ULRTA
GOOLPL M10 GP-707SW MI10A Rep. Korea 14.08.26
Measen Mi1 DUAL WAVE MI11A Rep. Korea 14.09.04
StraTek Mi2 ESWT-1000 MI2A Rep. Korea 14.12.31
Zeus Wave B MI3A 17.04.17
WEVER instruments Mi3 Zeus Wave (Piezo-*—Pneux'natic) (MI3B) Rep. Korea 17.09.05
Zeus Wave (Pneumatic)
CBW-8100
KIMED Mi4 (M14A) Rep. Korea 20.02.04
ACBW-8100
. IN-5200
YOUNG-IN bio tech Mi5 (MI15A) Rep. Korea 20.04.03
IN-5200R
HNT MEDICAL Mi6 CENOWAVE-AIR MI6A Rep. Korea 22.03.21
. enPuls Version 2.0 Hokokok 12.03.28
Zimmer M17 Germany
Electro- enPulsPro Ml7a 14.09.04
magnetic REMED M08 Rosetta FkkE Rep. Korea 10.07.13
HNT MEDICAL Mi6 CENOWAVE-R M16b Rep. Korea 19.08.19

(note) The PMIDs in round brackets (M13B, M14A, M15A) represent the single PMID allocated for the different models employing the same ballistic
shock wave generataor. The “++++ is for the product model that provides neither technical document nor information sufficient to allocate the
PMID, while the “****” is the PMID with technical documents not available for the product models (11 pneumatic and 2 electromagnetic types)

approved before May 2012.
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Table 2, Acoustic outputs from the 70 shock wave generators devices (NO1 ~ 70) of the 15 pneumatic product
models approved by the MFDS (Rep. Korea) (PMID: product model identification code, ID: identification code for
a PMID coupled with a SWT, D: diameter, PRF: pulse repetition frequency, P+: positive peak pressure, EFD: energy
flux density, E: acoustic energy).

SWT Setting PRF P+ EFD E

PMID | ID D (bar) (Hz) (MPa) (mJ/mm’) (ml)
(mm) Min Max |RANGE| Min Max Min Max Min Max
MO4A | NO1 9 1.5 6 1~15 - - 0.62 0.89 - -
“ N02 15 1.5 6 1~15 - - 0.11 0.33 - -
“ NO3 15° 1.5 6 1~15 - - 0.17 0.40 - -
“ NO4 9 1.5 6 1~15 - - 0.45 0.97 - -
“ NO5 15 1.5 6 1~15 - - 0.10 0.41 - -
“ N06 20 1.5 6 1~15 - - 0.06 0.19 - -
“ NO7 36 1.5 6 1~15 - - 0.02 0.06 - -
MO04B | NOS8 9 L5 3.5 1~22¢ - - 0.61 0.88 - -
“ N09 15 1.5 4 1~22¢ - - 0.11 0.32 - -
« N10 15 1.5 4 122 - - 0.17 0.33 - -
« N1l 9 1.5 4 122 - - 0.45 0.81 - -
« NI2 15 1.5 4 122 - - 0.12 0.38 - -
“ NI13 20 1.5 4 1~22¢ - - 0.06 0.15 - -
« N14 36 1.5 4 1221 - - 0.02 0.05 - -
MO5A | NI5 10 - 5 1~25 - - - 0.38 - -
« N16 10¢ - 5 1~25 - - - 0.38 - -
« N17 15 - 5 1~25 - - - 0.64 - -
« NI8 15¢ - 5 1~25 - - - 0.53 - -
“ N19 20 - 5 1~25 - - - 0.82 - -
« N20 20c - 5 1~25 - - - 0.82 - -
« N21 35 - 5 1~25 - - - 0.95 - -
MO6A | N22 20 1 4 1~15 - - 0.042 0.366 - -
MO7A | N23 15 1 5 1~10 0.1° 0.4° 0.08 0.6 - -
“ N24 15 1 5 1~10 0.1° 0.4° 0.09 0.6 - -
“ N25 20 1 5 1~10 0.1° 0.4° 0.04 03 - -
“ N26 40 1 5 1~10 0.1° 035 | 0.0011 0.013 - -
MO7B | N27 15 1 5 1~17 - - 0.1 0.5 - -
“ N28 15 1 5 1~17 - - 0.15 0.7 - -
“ N29 20 1 5 1~17 - - 0.05 0.25 - -
MOSA | N30 6 1 6 121 | 0.624° | 3.419° | 0.171E-3" | 5.120E3 | - -
“ N31 10 1 6 121 | 1.546° | 5.223° | 1.049E-3" |11.969E-3f| - -
“ N32 15 1 6 121 | 1.489° | 3.961° | 0.973E-3" | 6.884E-3 | - -
“ N33 20 1 6 121 | 0357° | 2.242° | 0.056E-3" | 2205E-3 | - -
« N34 35 1 6 1~21 | 1431° | 4.05° |0.898E-3'| 7.197E-3" - -
MOSB | N35 6 1 6 1-21 0.64° | 3.498° | 0.180E-3" | 5.369E-3" - -
« N36 10 1 6 1~21 | 1.608° | 5275° | 1.135E-3" | 12.209E-3"| - -
« N37 15 1 6 1~21 | 1437° | 4.098° | 0.906E-3" | 7.368E-3" - -
« N38 20 1 6 1-21 0.38° | 2.178° | 0.063E-3" | 2.081E-3" - -
« N39 35 1 6 1~21 | 1.472° | 4.164° | 0.906E-3" | 7.607E-3" - -
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Table 2, Acoustic outputs from the 70 shock wave generators devices (NO1 ~ 70) of the 15 pneumatic product
models approved by the MFDS (Rep. Korea) (PMID: product model identification code, ID: identification code for
a PMID coupled with a SWT, D: diameter, PRF: pulse repetition frequency, P+: positive peak pressure, EFD: energy

flux density, E: acoustic energy) (Continued).

SWT Setting PRF P+ EFD E

PMID | ID D (bar) (Hz) (MPa) (mJ/mm’) (mJ)

(mm) Min Max |RANGE| Min Max Min Max Min Max

MOSC | N40 6 1 6 1~21 0.64° | 3.498° | 0.180E-3" | 5.369E-3" -
« N41 10 1 6 121 | 1.608° | 5275° | 1.135E-3" | 12.209E-3"| -
« N42 15 1 6 121 | 1437° | 4.098° | 0.906E-3" | 7.368E-3" -
« N43 20 1 6 1-21 038 | 2.178° | 0.063E-3" | 2.081E-3" -
« N44 35 1 6 121 | 1472° | 4.164° | 0.906E-3" | 7.607E-3" -

MOSD | N45 6 1 6 1-21 0.64° | 3.498° - - -
« N46 10 1 6 121 | 1.608° | 5275 - - -
« N47 15 1 6 121 | 1437° | 4.098° - - -
« N48 20 1 6 1-21 038 | 2.178° - - -
« N49 35 1 6 121 | 1472° | 4.164° - - -

MOSE | N50 6 1 6 1-21 0.64° | 3.498° | 0.180E-3f | 5.369E-3f | -
« N51 10 1 6 1~21 | 1.608° | 5.275° | 1.135E-3f |12.209E-3f| -
« N52 15 1 6 1-21 | 1437° | 4.098° | 0.906E-3f | 7.368E-3f | -
« N353 20 1 6 1-21 0.38° | 2.178° | 0.063E-3f | 2.081E-3f | -
« N54 35 1 6 ~21 | 1.472° | 4.164° | 0.906E-3f | 7.607E-3f | -

MI3A | N55 15 0.5 7 1~10 - - - - - 0.505
« N56 15 0.5 7 1~10 - - - - - 0.345
« N57 20 0.5 7 1~10 - - - - - 0.412
« N58 35 0.5 7 1~10 - - - - - 0.587

MI3B | N59 5 0.5 7 1~10 - - 0.03 0.51 -

« N60 10 0.5 7 1~10 - - 0.07 0.47 -
« N61 15 0.5 7 1~10 - - 0.02 0.40 -
« N62 15 0.5 7 1~10 - - 0.02 0.52 -
« N63 20 0.5 7 1~10 - - 0.02 0.44 -
« N64 20° 0.5 7 1~10 - - 0.02 0.49 -
« N65 35 0.5 7 1~10 - - 0.02 0.43 -
« N66 35 0.5 7 1~10 - - 0.05 0.53 -

MISA | N67 15 1 4 1~15 - - 0.023 0.124 -
« N68 20 1 4 1~15 - - 0.070 0.560 -
« N69 30 1 4 1~15 - - 0.041 0.126 -

MI6A | N70 20 1 4 1~15 - - 0.11 0.43 -

(note) SWT: (*) made of titanium unless otherwise stainless steel, (°) multi-focus, (°) multi-focus trigger (unclear)
settings: minimum increment 0.1 bar for M04A,M04B,M06A,M07B,M15A,M16A, 0.5 bar for M13A,M13B
PRF: (%) PRF 10 Hz for 5.1 bar ~ 6.0 bar and 11 Hz ~ 22 Hz for 1.5 bar ~ 5.0 bar.
P+: (°) N23 ~N26, N30 ~ N54 show values in MPa converted from those provided in bar in the technical documents.
EFD: () N30 ~ N54 show values in mJ/mm’ converted from those provided in J/m’ in the technical documents.

=Y ESWT A 27| o HHE S A Y 4, & U Al RAPMID) AH8- SWTof| whe} 5
A ZAL Al LE PMID A 257, 55U = 0 &2 A4 ¥ S F =90l F=hd 4= 7] "iell2.1), %Zﬂ.ﬂ
3kt glt. HhAY 22 9) 7] Th9Ji PMID-SWT 2310 2 -2
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Table 3. Acoustic outputs from the 8 product models whose PMIDs can not be allocated since it is unclear which
SWT was employed for the data, of the commercial ballistic ESWT devices approved by the MFDS (Rep. Korea)
(PMID: product model identification code, ID: identification code for a PMID coupled with a SWT, D: diameter,
PRF: pulse repetition frequency, P+: positive peak pressure, EFD: energy flux density, E: acoustic energy).

SWT (Pls\}sﬁr]lgir ) PRF p+ EFD E
PMID D (EM in number, mJ) (Hz) (MPa) (mJ/mm?®) (m])

(mm) Min Max |RANGE| Min Max Min Max Min Max
Mo2A | e s | ] s 12 | a9 | o1ss |- . - .

“ V-actor 1.4 5 1~31 - - - - - -
MO2B 1231 20151‘143105;8.,220752; 03 5 121 ; 185 - | oosa| -

«“ V-actor 1.4 5 1~31°¢ - - - - - -
MI0A 6,15,20,35 1 7 1~10 | - - - - - -
MI1A 10,15,20 0.5 5 -0 | - - - - 0.2496
MI2A 8,10,15,25 1 7 1~10 | - - | 0038 | 0280 | - -
MI4A ML 1 5 s-10 | - - } - ; -
MI6b 6,15,25 1 13 122 ] - 0.2 | 038 | 60 | 185
Mi7a 6,15,25 60 185 | 122 | - - o002 | 001 | e | 185

(note) SWT: (*) Peri-Actor (not circular shape) / (°) Spine-Actor (not circular shape) / M,L: middle, large (no information about

diameters) / V-Actor (diameters not available)

settings: minimum increment 0.1 bar for M02A and M02B, 0.2 bar for M14, 1 bar for M10A, nominal number 1 for M16b, 10
mJ (output shock wave energy 60 mJ ~ 185 mJ) for M17a
PRF: (%) 21 Hz (fixed) for 2.4 bar, 13 Hz for 5 bar, 31 Hz for 1.4 bar

EFD: (%) measured in air

shock wave
generator

product
type manufacturers model SWT

MOT . MO2A XXX
MO2 < MO2B > XXX
pneumatic MO3 . — No1
g > NO2

Mo4 » MO4A < -
. NO7

electro- ) .
. M17 M17A XXX

magnetic

Fig. 5. ldentification codes defined in the present
study for manufactures, product models, shock wave
transmitter, and shock wave generators.
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Fig. 6. Ranges of the output settings (in mJ for M16b
and M17a, and in bar for the others) ballistic ESWT
devices approved by the MFDS (Rep. Korea). The
dotted line is drawn from zero for the MO5A where
there is the only maximum output setting provided in
the technical document. There are transitional
settings between the minimum and maximum values
(not shown here) and the minimum increments are
different among product models.
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Fig. 7. Ranges of the pulse repetition frequency
(PRF) of the clinical ballistic ESWT devices approved
by the MFDS (Rep. Korea). There are transitional
settings and the minimum increments are different
among product models. Note that, when the M02A
and the M02B employ V—actor, their PRFs are 1 Hz
~ 31 Hz (not shown here).
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Fig. 9. (Color available online) Acoustic energy flux density (EFD) from the ballistic ESWT devices (41 IDs of 9
PMIDs) clinically approved by the MFDS (Rep. Korea). There are transitional data (not shown here) presented
in the technical documents for the IDs with the solid lines connecting the minimum and maximum values, whereas
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excluded in this figure since their values are provided in the unusual unit of energy per volume,
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Table 4, Largest variability (r,R) of the ranges of the P+ values at the minimum and maximum output settings
for the various SWTs employed in the 6 product models (MO7A, and MOSA ~ E).

P+ (MPa)
PMID ID Min setting Max setting
from (A) to (B) r (=B/A) from (A) to (B) r (=B/A)
MO7A N23 ~26 0.1 0.1° 1 0.35° 0.40° 1.14
MOSA N30 ~ 34 0.357 1.546 433 2.242° 5.203 2.33
MOSB~E | N35~54 0.38" 1.608" 423 2.178 5.275° 242
R (=b/a) 3.80 16.08 - 6.41 13.19 -

(note) (*): minimum value of the column, (°): maximum value of the column

Table 5. Largest variability (r,R) of the ranges of the EFD values at the minimum and maximum output settings
for the various SWTs employed in the 8 product models (MO4A ~ B, MO5A, MO7A ~ B, M13B, and M15A), MO6A
(N22) and M16A (N70) were exlcuded since they use the only one SWT,

EFD (mJ/mm?)
PMID ID Min setting Max setting
from (A) to (B) r (=B/A) from (A) to (B) r (=B/A)
MO4A NO1 ~ 07 0.02 0.62° 31.00 0.06 0.97° 16.17
M04B NO8 ~ 14 0.02 0.61 30.5 0.05 0.81 16.20
MO5A N15~21 ok ok Rk 0.38 0.95 2.50
MO7A N23 ~26 0.0011° 0.09 81.82 0.013" 0.6 46.15
MO7B N27 ~29 0.05° 0.1 3.00 0.25 0.7 2.80
MI3B N59 ~ 66 0.02 0.07* 3.50 0.4° 0.53° 1.33
MI5A N67 ~ 69 0.023 0.07* 3.04 0.123 0.56 4.55
R (=b/a) 45.45 8.86 - 30.77 1.83 -

(note) ***: data not available at the minimum output setting, (*): minimum value of the column, (°): maximum value of the column
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Table 6. Acoustic output parameters provided in the
technical documents of the 70 shock wave generators
(NO1 ~ 70) of the ballistic ESWT devices approved
by the MFDS (Rep. Korea) (PMID: product model
identification code, ID: identification code for a PMID
coupled with a SWT, P+: positive peak pressure,
EFD: energy flux density, E: acoustic energy).

.
PMID 1D (I\E;Pa) (mlja/iq]?nz) (nl::J)
MO4A | NO1~07 X 0 X
MO04B | NO8 ~ 14 X 0 X
MO5A | N15~21 X 0 X
MO6A N22 X 0 X
MO7A | N23~26 o 0 X
MO7B | N27~29 X 0 X

MOSA ~C | N30 ~44 o o° X
MOSD | N45~49 o X X
MOSE | N50 ~ 54 o o° X
MI3A | N55~58 X X 0
MI3B | N59 ~ 66 X e} X
MISA | N67 ~69 X 0 X
MIGA N70 X e} X

% 414 |87.1(286)| 5.7

(note) (*): P+ provided in bar, (*): EFD provided in J/m’
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Fig. 12. (Color available online) Correlation between
P+ and EFD for the 4 SWTs employed in the MO7A
in which both P+ and EFD are provided in their
technical documents, The solid line (‘measured’) was
reconstructed from Fig. 4b measured on a commercial
ESWT device (Zeus Wave, Weverinstruments, Rep.
Korea) using a laser Doppler method (N = 10). Note
that the normalization (in P+ and EFD) was made to
the values measured at the minimum setting level of
1 bar,
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