WBE Fiivss T BeBEEORE] F65H 1%
Journal of Information and Communications Policy Vol.6 No.1

i (ESfT)

TORNYA VUEMDOER - BRAFIZETS
o FARTRENE & RIEERY - 3XRY - 1 RROREE (ELSD)
ARTHRER !

ZE B

BEMR CREINERE TS, T UVXNVEMNTRERROR 72D H T (V1Y)
EREFT DT VXY A FIRPNER D TN D, ZOE IR, BUE R CE ) K #E2
IR I alb—rarvk, 7 UXNVER BICHEE LY A U E2RRIITV, EOREREZE
FFUZT 4 — RNy 7T 52 L TEBDFRREEAREE T 5O T, MR E s
T, BEICIEHPNEA TV D, TFE T, B - @FES BT 2SI DN T H IR T
o, BAETHEACHT ZBORN e im bie = v oob b, LinL, BAOREICETS
BFHRELLS GLTVANY A N, TIA R =% 2 U T ¢ OBLSR EDBHEE G
MRDHIND T, EHFE GRS EF~OISH 2 U HED T < 72 dITiE, T4 D OB -
WEH) - AERORRE (ELST) 22V T himdMThN TV RETH DL EE 2508, BUk, 2
NSO EFOMIEENA B AR HSICBE SN TE LT, MAabEHEINL WY, £Z TR
GETIX, T XY A HANOBER - B BFICB D I0H FTREMEIC BT 5 Ciikz L v =
—3 52 LT, WEBMOBRIELZT o7, F7o, BIRER TR I T 5 ELST IZoW0
THHHZITO, %O 2 EET 2 2 L2 A E LT,

SCHRAR R 1Z1E PubMed & AW 2, +— U — RRERSMEE LT, (digital twink)AND (medic*
OR health*) ZHWT, SCRkZME Lo, MERIZ2022F7 A 1 HCTholz, —IRAZ Y
—=U 7L LT, REEPENG, JRFE - KEBEOT T Z YA CHANOERR - R EFIC
BT DICHATRRMEIZ OV TE R LTV AR A Lz, F72, #EEOM TRV b D%
BrRéf Uiz, “IRAZ UV —=u 7L LT Emid. BIRNRIES - IREOT VXNV A v
IR DOIGHR, £ D ELSTIZBE S 25003 5 b D2 fli L7,

A7 V== T ORER, 1B EOSTRRAE Hivic, WERIE, JAFE - BRBEOT VX LY A v
T D EHE - AR BP A~ IS I B9 2 /RGN 72 SCERAS 11 48, {ERI ok > W T o) i
\ZBE9 5 SCik2S 88 £, ELST 2 72T —~ LT 50D 14 tEdb o7, [ - fRESE~D
JEHIZOWTIE, ERHEBICE> T D b0 TR0 o7,

FE7-. ELSTICEET 286Gm b T~ MEA~DRE] ([ZOoE W< D00 AN
EIFONTWEb DD, BARRIRIEIZOWTO#ERITZ L., My 7 OfRICE
STV, Atk FEEOWRENACHSFE L VVICH DR, B RD b D,

F—O—F:TORLYA Y, ER. BER. BEH - ZH0 - 2SHBRE (ELSD

1. [XC®HIC
TEHOREHINTOMERIZE D, A X NN—2IRFEIND X D R E R AET S OREEE -
FIAZ L GERIZIT R WEH TN D L 9T >TET WS, 9 LI THEAZED T

U BB EF B EAES b L XA T BIENE « U = /b A IL[RBFTER PR B2

on—1




MBS AITMERE TP HIBEBORITZE] e BH 1%

Journal of Information and Communications Policy Vol.6 No.1

WHHDELTT VXN A UENRSD D, TUX YA &, BIEMRCIE SN2 E
Wa Tl T VX NEMNTERERRORFE DT (VA V) BERTDHENIHDOT,
ZFDatE7 ME 2002 FIZI VA RENEBELEZLONERTHL EINTND 2, 2
O, HEHR CIXE/MARE LW I 2 —va vk, TUXVEMEICHEEL
e A U ERBRIATY, EORREBERTICT 4 — Ny 74252 L TEERIR L
MNHREL B b DT, W%, S b =7 U o7, EH M - Fifictm e & ooy
T, BEICIEADEA TWD %, 2ol BISEHR LT X NVEMO Y T L5 A D05 O
TEMAHUT L DB R ET AR DT VANV A & ENTWDHN, K7 TIE, BIEHR
LT VX NVEM OB RPN RET VIR ELT OV A v MRS NS
ARHD Y BHAETEH, 2015 FEI VBB BEANATOILD L 512725 TV A1l °,
2021 4 3 H ICHIFRIRE S L7285 6 IR FEAIT - 1/ X— 3 VEARGHEIZ B\ T | Society
5.0 ZHDIZODFED DL LT, TUVZLYAUPIY EFbnsRy o FUXLY
A EVI) BENERITELBRELS2OH D,

ZO LT, s, TUXNYA COISHAEEE LT, B - BESHA~OBELbEE -
TWb, ZOIGHFIEE LTIRA b ORFET L0, Fl X, [EAOABRIIREST
4’ TARAZANE ) TIVEA KNS 5V A U PEETENIE, BEREEE & BEOm ST

 HFEDT A T A A INORIRCATEN S Z — U BEANORBIREEIZ ED L S 1T EBET D
ﬁ%ﬁ 2CTEDH LD ﬁé:kﬁ%ﬁf%ékw\@%kzﬁ%%%E% Lo THBT
HDHEEZEZLNTWD T, MICH, IRFEDT VX IV A A2 BT DA Dliggs DE 72T
JVEVED | REORSIEEIEDE N ONTOY I al—a v ZTH9 2R ELE
HTHD, FEEICHEITHROMELE LT, EU &4 M421772 > TV % neurotwin &)
T m =7 NTHE, TAYNA~—IREE OB T — 2 I BIER S T2 A Tkt
LCyIalb—rar&{7)H 2 & T, REZEBSRIKE (TMS) Oz~ v han
EERT 22 L2 HEEL TS S, BAETHZ 9 LIZER - @SB ~OT 2 LY A
B OISRIZOWTBERMICHEET RE L T57 ER-TETHY |, FIZITABRRER

2 Grieves, M., & Vickers, J. (2017). Digital twin: Mitigating unpredictable, undesirable
emergent behavior in complex systems. In Transdisciplinary perspectives on complex
systems (pp. 85-113). Springer, Cham.
3 HeE D 3 fERR fEHulfE A (HFI 34T H) 148149 H
https /lwww.soumu.go.jp/johotsusintokei/whitepaper/ja/r03/pdf/n1300000_c.pdf

WG 720 A o OBURICET 2FENROFFA R WEE] (fMm343H)
5E
https!//[www.soumu.go. jp/johotsusintokei//linkdata/rO3 06_houkoku.pdf
5 ENAFEBH S A AR A IR AW E 7 02y A BT 2 NSO
BAZEENA ] 27 H
https://www.jst.go.jp/crds/pdf/2021/RR/CRDS-FY2021-RR-09.pdf
6 NEIF TBFFZE - A 2 =9 CEORGHE ] (50 34FE 3 A 26 HMEIE) 19-20 B
https://www8.cao.go.jp/cstp/kihonkeikaku/6honbun.pdf
7 de Boer, B. (2020). Experiencing objectified health: turning the body into an object of
attention. Medicine, health care and philosophy, 23(3), 401-411.
8 neurotwin. [Home]
https://www.neurotwin.eu



TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

DT VH » =R 2020 T TER -@ESBHEOTOZ LY A ) BIRY EFbhTng
fitt °, 2022 4 6 A 7 BB SRR - BRI ESE6TH, KHR=2500T7 Y
B A DI DFEREEEIZONWTRENL LN TND 1,

LU, BREDOT VXN A U HA & ERR - ARES IS T 2856, VA L OBEICS
BEOBANERZWNET DZHLERH O | FIBE I NIV A O T EAORFEIZET
LHEMREREZ S G LI DD, BRFILIT 74 RN —0kX 2 U 7 ¢ OREIC
EEIHIST HLENS D 2 ENEH SN TS 1, £, VA v OREEITH ) DR
AR, VAL DY ab—arnbFons TPH, FMIERENLRT 7 a—F & AK)
EWRERTLE ZE THONR—FTR&E AL, a8l mnE st biEfR S Tns
2 RFE  REDT D E NV A CHANOEEE - ARFES B~ OIS Z BN D T 72Dz
X, 2O XD @B - IERY - A R0RE (BELSD (oW TR Tl s Z ik TE ., &
IZHEI L7 neurotwin T, HALILMD = DITMPLFEE DOF — NS LTV D B

BORETYH, 5%, JRFE - EBOT DXL A RO ER - @5 B~ i 2 #hIc
DTN 20T, 20 L9597 ELSI IZOoWTOEmNM TN TW RETHB EE X
55, Ll BRGE TSSO TR D k5 2RIV TER L TV A b DT RS
Foniewn, 2, 2oL ) RMEEERT D LT, R RBOT OX Y A UHEO
PRI - R B~ OIS IZ BT 2 B O FEBIAIZ OV T LR T HZ ENFHTH D &
EZONDN, TR A AW OBLRICOW T ORIBE DRGSR U, Bl R E iR LR
WEDERL LT T ¥ # 0 A BT 5 ENSOBFER S B AN DWW T OFRA SR A 2R & 10
ENTY 7 2ARe7e b OO CIRER - @FSEARY EFbivTilk o7, ELSLICEET
DR EITOIEDDEREBL RS THD E VWA D, & 2 TAIZE T, EFF - (@S5 T,
(TN A EWVWIFBEERHWTWLRFEEZ L Ea—95Z & T, JRFK - REDOT
TENNY A OIS ATREYEIZ D W T OB OBUIRIRE 21T 0, F 7o, B THE
STV ELSL IZ2oWTh ATV, A% OMSFEEICmIT-REZ BT 2 L %
HOE L7,

O BHREW [FUHL - =wiRy 2020 ~2 1 FRHROT & )L H AR T E FAE R~
36 H

https!//jimin.jp-east-2.storage.api.nifcloud.com/pdf/news/policy/200257_1.pdf

0 EFHEEED T35 21 [EfdE - RIS 520 SFE) 23-24 5
https://www.kantei.go.jp/jp/singi/kenkouiryou/sanyokaigou/dai21/gijigaiyou.pdf

11 Popa, E. O., van Hilten, M., Oosterkamp, E., & Bogaardt, M. J. (2021). The use of
digital twins in healthcare: socio-ethical benefits and socio-ethical risks. Life sciences,
society and policy, 17(1), 1-25.

12 Bruynseels, K., Santoni de Sio, F., & Van den Hoven, J. (2018). Digital twins in
health care: ethical implications of an emerging engineering paradigm. Frontiers in
genetics, 31.

13 peurotwin. Consortium |

https://www.neurotwin.eu/consortium

14 FifgTE 4

15 [iifgiE 5



WBE Fiivss T BeBEEORE] F65H 1%
Journal of Information and Communications Policy Vol.6 No.1

2. Ak

kSR IZ 1L PubMed (https://pubmed. ncbi. nlm. nih. gov) Z AWz, F—U— FHHRSEL
& LT, (digital twink) AND (medic* OR healthk) ZHWT. kxR L=, ¥EH
1£20224E7H 1 HCTHoTz, —IRAZ V—=2 7L LT, RELPENS, TUOFLVYA
O ERE - GRS EFICBIT D ISHREMEIC OWTE R LTWA k& L7z, £7-.
PEEEDO LR TRV DEBRAN LTz, “IRAZ ) —=2 7L L TR & Hir, BARRLE -
WROT VH VY A CHEHROERRE - @RISR 2I0HR, £ O ELST IZBE T 5 5hik 23
HLLOEH LT, ER - @RS TORMEL LTL, 20X MoFEL 757 —~
DN, RIS A < B STV D ESRRFZED Y7 7 T —Tdo 25 Hefls « fFIR « 20N
NNTEEEND D00 E 9 2 16 FEEERIFE OB BTN ORERE £ 72 1ZEREBIC 1T 5 2H
RVIalb—valillTE2H00E I NEN ) A TH AT 72,

3. #R]

3. 1. FORLYAS VEROER - BESBH~OGATTREEICEIT 53X

MRIC L SN SCERIE 159 tETh o7z, —IRAZ U —= 7T 121 i, ZIkRAZ
J—=r 7Tl HKbN (K1), —RAZ YV —= 7T, FEEOLETIT RN D
D 5, EFE - ARFES TSN DONED S O 33HERERAS S, ZIRA T Y —=2 F TIHJRFE -
WFEDT VHNY A ERICOWNTOERNBHLL TR h>72 b0 8 R ST,
AN L7z 113 R ONFRIE, [RFE - IREDT V2NV A U EIR DK - Gy B~
OIS BT 2 KEA0 72 SCERDY 11 1, BRI OFEIRIZ DWW T ORI BE 95 SCHkAY 88 14,
ELST % E72T7 —~ & 2Lk 14 o - 7=, EBIOFERIZEE T 5 88 hDWRIX. TEER4s
/DL AN B E AR AN 24 (4 HAR SR/ HIE T A3 7, RS/ SKER SRR AN 6 14, A
PENEHESE DS 6 {4, MBS 2RI AS 6 1, (RPN I REs0s 4 1, B R iEim s 4 1, R
BEFREIEAS 3, BYYEFREIRAY 3, BIEARL RIS 3 . ARSIV RS 3
P, SO RREIR AN 3 M, —fRAMVEMRREIRAY 2 1, THILERRREIRAY 2 1, ERREEERAEIRAY 1
PR, SREFREIAY 1R, R FaEkns 1R, PEReR iy 11, iR Fainns 11, Ha
WHRGE R F RIS 1A, TS BEaES 1k, SEIRRE RS 11k, HrA IR aEEs 1
PR, R RL RIS 11, RPEIEE IS L. 7 ¢ R AGEEDS 1L, Ve )T
— g VRS L CTh o T,

BHLEGRO OB, &b H WO 2017 4 10 AICE#E SN0 THY 7 xbHiL
WH DT, 202246 H 13 BIZEHIN TN b D TH -T2 b,

ARTIE, Zbodhnn, BEE b 25302 I, I T 585 - RED
TIOENTA AR OISHATREME & | FER STV D ELST IS DWW TR M ICEEE U7z,

16 Rohrig, B., Du Prel, J. B., Wachtlin, D., & Blettner, M. (2009). Types of study in
medical research: part 3 of a series on evaluation of scientific publications. Deutsches
Arzteblatt International, 106(15), 262.

17 Patterson, E. A., & Whelan, M. P. (2017). A framework to establish credibility of
computational models in biology. Progress in Biophysics and Molecular Biology, 129,
13-19.

18 Wang, W., He, Y., Li, F,, Li, J., Liu, J., & Wu, X. (2022). Digital twin rehabilitation
system based on self-balancing lower limb exoskeleton. Technology and Health Care,
(Preprint), 1-13.



TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

K1 X@lLEai—D7O0—Fy—F, ( )RHITHEHETT,

T BN — AR
PubMed(159)

—R2x7 ) —=v s (FE- RO

| HEEEOSCHTIR R\ b D(5)
T SR - @R B LA O NE D b D(33)

ZRAI Y —=v 7 (KX Dk (121)

| BFE - REDT Y 2y 4 v ETRIcowT
OERN R BB RZ T o N o725 D
(8)

v
R L 72 3CRik(113)

3. 2. AKIZHEITHMM - B - BEBETLOLIaAL—2aVETOIWR

AAFZED L ¥ 2 — T LB OFEIR I > W C OIS AT 5 SCko 9 B, ARk
T 2 HEE OISR . SRR ET VDA - KEY A VEED Z LITR Y EROEORE
JROBEIEFE 2R IOV TCEHE « IS 20281 86 h CTh -T2, TNOHLDORD S B, 2
U EOWENSH > - >N T, — 2 E LIz,

Bz, T b DO LD -G ER g/ DIRIL & SVEHESL T, Chakshu 23, BHET —H
NR—=2DMEEET — &6, KRB/ O X OEEEHELXITO 2 LN FREL
RAHMEDOETNVEERLIZZ E2RELTWD Y £z, WRITHE DS H- T-Hia s/ [
Mo T52AE Clid, Zimmermann 5723, in vitro (2B AHIOEBEBSHAIL 7 2 k2 L2250
A Ea—H EOETNAERHWTHIE LI Z E ARG LTS 2, Fiz, ERG /KIS

19 Chakshu, N. K., Sazonov, I., & Nithiarasu, P. (2021). Towards enabling a
cardiovascular digital twin for human systemic circulation using inverse analysis.
Biomechanics and modeling in mechanobiology, 20(2), 449-465.

20 Zimmermann, J., Budde, K., Arbeiter, N., Molina, F., Storch, A., Uhrmacher, A. M., &
van Rienen, U. (2021). Using a digital twin of an electrical stimulation device to
monitor and control the electrical stimulation of cells in vitro. Frontiers in



WBE AMES T REEBeRITE] He BH 15

Journal of Information and Communications Policy Vol.6 No.1

®K1 AKITEIT 540 - B - REETLOYI2L—2avETO5HRE (—H)

FEF FROLODIEAE fRELMEE T TR A RO B 8 fijEeedis
Chakshu et [EE= Biomech Model TEIZRE/LMHM [ESFFEMWECRRH L EEEHE FERER THEEE T E B0
al., 2021 Mechanohiol B WA EHT - R & DIEMEE
FETS
Zimmermann et JHZ Front Bioeng RS/ MRECESFEICBITAL 2 20— SE, SEFEBORETL L, &
al., 2082 Biotechnol = -G V) BT IR B W T R e
&9 et E B 2
Li et al., E= Genome Med EFES/ERT N ERREEO G, BEREAIE, BEOEEORR
2022 IR o0 L SRR EET & bR BT S
Voigt et al., #4840 Front Immunol — #HEFFIZE ERMEFELECET ARBTIFEEE Bso7Uany 4 riliont
2021 R ., g IR
Hernandez- Correspond Nature Nedicine [EEZ PAGEC B SRETEREEOE 019FE LY, REED AR
Boussard et ence # R HFERM R A T
al., 2021 Ty MCETRVEATVS
Shammana et [=ES Diabetes AR mY EREREFIIBIAEAD IO 74 20 X AR RER
al., 2020 Therapy LB - REEE
Geissler et EE Rofo iRt saa (R BFIIBILFE - BEDEY bl - 77 —apidind B
al., 2021 HEILL LEEANEEEHER D e BVE DB ETTIEREE
L)
Lai et al., = Crit Care WREZE B A IE BB~ DY B RO A R R RO
2020 Explor BERCDWV TSRS
Sahal et al., EFE Comput Intell —EEMEZR COVID-19790 7 2 » 2 IS8 S, B 7L —AT — 7 DIRRODH
2022 Neurosei HH - HUEOEE, BMEL EheR
EFERERH BEA~DEBE LT A
ek B ES R
Al
hubert et al., JEZE Front Bioceng Eosidaiy e 5o b BT Bl SeEDE BRSO EEY, SR
2021 Biotechnol W, EEHOU 20T EBHREEIR TV
Chakshu et R Int J Numer RerEA RS EEIRREOEERHE ERREETIRHIId LY E
al., 2019 Method Biomed {OEET-RCET HEEE
Eng T
Lauberbacher  Perspectiv NPJ Digit Med  sui%2 Bl O RERAICBT AREE BTRLin— R SICETETE
et al., 2022 e DR ML oYy FPEFELT
AR
hhmed et al., Letter to Surg Innov — AR DI al Rl K SEFOMFE, AR B S0 TRENE
the editor FOME~CEEER, FHLE DWW TOBRRRIE LA B
B - 5 - iSO T A R AFHED
b le—m il
Golge et al., R J Hepatol HILEEFE FFOIRRIEHE T2 OMETIRETLEED WagEn 7 —hhA T, 7
2021 A2 Tl LELTREL TV

WG, Li B, ERTF AL TOELEZE L T, A d~——ERLAED 1= D ik
DOFEIE ORI - BRNENLAHT 24T S 72D T L— AT — 7 2R LTS 2, #iRNE
TR TIL, Voigt HDO L E 2 —DOH T, ZIMELIEDHB TR T, JRFE - PFED
TUANIA UVEENEHTHD Z LIZONWTIHRL LTV 2 JEESMEE T,

Hernandez—Boussard & @ Correspondence (23T, KENLDS AMFZERT (National Cancer
Institute) CEUFHEBICINT, A DOREBTRIRERICA N LKEZOT V2 vy A
VEBRRICHT T e Y 27 N EITR o TN D ERRE ST B RGN SR T
I%. Shammana o723, BEIRIFEE D DIE SN BFEIT — & CRRERE > A7 AT
WE SN MPEZEE T — & EickoSx | HEANCHET 2 EFEIE MELEHOET V&

bioengineering and biotechnology, 9.

21 Li, X., Lee, E. J., Lilja, S., Loscalzo, J., Schéfer, S., Smelik, M., ... & Benson, M.
(2022). A dynamic single cell-based framework for digital twins to prioritize disease
genes and drug targets. Genome medicine, 14(1), 1-21.

22 Voigt, 1., Inojosa, H., Dillenseger, A., Haase, R., Akgiin, K., & Ziemssen, T. (2021).
Digital twins for multiple sclerosis. Frontiers in immunology, 12, 669811.

23 Hernandez-Boussard, T., Macklin, P., Greenspan, E. J., Gryshuk, A. L., Stahlberg,
E., Syeda-Mahmood, T., & Shmulevich, I. (2021). Digital twins for predictive oncology
will be a paradigm shift for precision cancer care. Nature medicine, 27(12), 2065-2066.

o—e6



TOENY A EAROER - fEFIC IS 28 TREME &
ey - 1ER) - s  (ELSD

REEL, e NIZADE T RERREIRELIT) TR 7 7 L% E LT Z L IZOW0THE
LTWD M SRR T, Geissler 23, CTHREFOBEEZ D I AT ThRE LT
— X EIEI, HE - REOHBHEENEERET LV EER L, TNHICES EEAlO#S
B ENEREETICEDHELI D DBERE L 2o EHE LTV D 2 BEESLHEK T
%, Lai 25, HEIEMUMIERE 2B 2ERS TR Z R E T H2ET LV ERBE LI L%
WA LTS 2, EYYESLE T, Sahal 5725, COVID-19 N F 2 v 7 IZBWTHREDOT
ENYA IR EDE=L ) T BB EDE D T LT EYE ORI DR | R
Yo LR DO H HEHAN~DEL . b DT — XIS uy Iy Xy Ui EOBURT 72
AR TH D ET D57 L — LT =7 28R LT 5 7T, BIEAVRHEGEIL T, Aubert &
B, IE T b—EITCB W T IREEORIREFEIOY A7 % THIT5ET LV AMHEEL
T EEHE LTS B, RMRRINEIEMEIR Tld, Chakshu 523, BE OEOME T — & 72
EZTITLTIZET NV ZE L T, RO EEE N HERRETH D EHMEL TWD 2, 74
JE AR ClE. Laubenbacher o @ Perspective (2B W T, BYUERCH CAREEBIZBIT 5
BRERE AR THMERDY I 2L —a VETFABRICONWTO R — F< v 7R
S, THEMICESL 7027 P PELTWD ZERMESNTND 0, —iI B2
Tl Ahmed 5D L Z—THBNWT, AFRHED FL—=0 7R, H LWERE « 5l - 1RIEED

24 Shamanna, P., Saboo, B., Damodharan, S., Mohammed, J., Mohamed, M., Poon,

T., ... & Thajudeen, M. (2020). Reducing HbAlc in type 2 diabetes using digital twin
technology-enabled precision nutrition: a retrospective analysis. Diabetes Therapy,
11(11), 2703-2714.

25 Geissler, F., Heil3, R., Kopp, M., Wiesmiiller, M., Saake, M., Wuest, W., Wimmer, A.,
Prell, V., Uder, M., & May, M. S. (2021). Personalized computed tomography -
Automated estimation of height and weight of a simulated digital twin using a 3D
camera and artificial intelligence. Personalisierte Computertomografie —
automatisierte Abschitzung von GréBe und Gewicht durch Simulation eines digitalen
Zwillings mit einer 3D-Kamera und kinstlicher Intelligenz. RoFo : Fortschritte auf
dem Gebiete der Rontgenstrahlen und der Nuklearmedizin, 193(4), 437—445.
https://doi.org/10.1055/a-1253-8558

26 Lal, A., Li, G., Cubro, E., Chalmers, S., Li, H., Herasevich, V,, ... & Gajic, O. (2020).
Development and verification of a digital twin patient model to predict specific
treatment response during the first 24 hours of sepsis. Critical care explorations, 2(11).
27 Sahal, R., Alsamhi, S. H., Brown, K. N., O’Shea, D., & Alouffi, B. (2022). Blockchain-
based digital twins collaboration for smart pandemic alerting: decentralized COVID-19
pandemic alerting use case. Computational Intelligence and Neuroscience, 2022.

28 Aubert, K., Germaneau, A., Rochette, M., Ye, W., Severyns, M., Billot, M., ... &
Vendeuvre, T. (2021). Development of Digital Twins to Optimize Trauma Surgery and
Postoperative Management. A Case Study Focusing on Tibial Plateau Fracture.
Frontiers in Bioengineering and Biotechnology, 856.

29 Chakshu, N. K., Carson, J., Sazonov, I., & Nithiarasu, P. (2019). A semi - active
human digital twin model for detecting severity of carotid stenoses from head
vibration—A coupled computational mechanics and computer vision method.
International journal for numerical methods in biomedical engineering, 35(5), e3180.
30 Laubenbacher, R., Niarakis, A., Helikar, T., An, G., Shapiro, B., Malik-Sheriff, R.

S., ... & Glazier, J. A. (2022). Building digital twins of the human immune system:
toward a roadmap. npj Digital Medicine, 5(1), 1-5.



WBE iR TMEsEEBeRE] HekHE 15
Journal of Information and Communications Policy Vol.6 No.1

T A b, TR OMRE R, T OIS~ OB EEE A IR - REBEOT D F VY A
MERTHDEBEZ NN B, ZNOORITIZEE A E/R N ERRE STV 2,
Hbas 73 TlE, Golse B2, A YIBRT 2 Fifi 2 hifT L7 BFE DT —F ZHWTET
NWEER L, IR OMARETLEED Y 27 2P+ 25 Z L ZrREIC Lz L@ LT s 2,
PLED X 51T, BRx iz VT, MERIZEIT DAk - e - IREET LD I 2 L—
Va U EITHOMENMTOILTND Z ENRbhroTo, L L, A THIT L Z v7en - 72 30k
HLED, FEOT U H N A VB E TN EAL TODHEIRITIFE A Ee Ll BT T
NWIREIRFDT VHE NI A NZHOWNWTHELS B DE ETH Y | BRRBLG E~DEA
(I3 kE 2 RN S TNV D 2 EAVURIBE LT,

3. 3. ABUSADEDIZONTYZIaAL—2avETIUE

ARFZED L = —TEA LB OfE I > W T OIS I 2 ko 9 B AL+
DHDIZONTY I 2 b—a UETIED | -7 (3K 2), Cheng b DERIZ LI
X, 2020 12, FEOILEE S - ANREFRIZBW T, H{HERIED 3D 7 VX VY A VR3S
S, EIREBORDL, BX 2 U7 o REL, HEBRRIL, =3 L F—1EEIRIL e & Rk
DY Y —REafb- K7 v a L OEEBEIIEH I TS Z ERHE SN TV, 2,
FFEDBEHREHI BT, BRBOT VXY A U HRReE=4 Y > 7% LT, CT+MRI
72 & DB OFBIRIL, $ERRD A T F o 2RI, THEESL O LRI, RS OR D
ITHMRGLOIER, U Y — A O GBI RSy . A OESENANAT T, B3 OERE D ARIRP 1L
fEBR7RDIRIEDEERL, BIE T DA X v 7 ~DOBEEROEE R EN R L 70D 2 & 03#
HENTWS, FEREFICEE, BRIV A 72 EORBMITEESOT AL BREEITH
FEEOBREIC WL, FET IR EEARZLTEY, —HLrFEHIN T RN EWN)
ZETholem B, REOT VAN A EBERIBFICENTEEINL TN DHIE L
T, BRSO THDL E VW D,

®2 AMELADEDIZDONTLZTaL—2aVETO5HE

EZE-E FRILODERE  IREREE it FUHL YA R GIRE B S T R
Cheng et al., ¥53§ Digit Health JEESEE BREEODTUIILYI-EFLERE 200F, EEFE_ARERCS
2022 L. EREROMN. 207 R WTTFURLYCREEL, R

OB, TRILF-EERRG REEDMEIERL TV

B OWBREFRO T V- AEE £ BEEOILSE S CHEERC VT
23w (D V. AT - E AR L,
CT« MRI#: b (OB #ERBEh N, #88 710V A2 53T 206
WA 7 F AR, ERROERK  hiedioh, EEEriEiE
R, HERFOSRITIIREOERE, U Rk, —EIREL TR

V= 2AOEENIES, REOERIEE

fit, BEOEHOFRIFE, BRR

BEODEH, FET2ERAR v 7~ B

EREOREERE

31 Ahmed, H., & Devoto, L. (2021). The potential of a digital twin in surgery. Surgical
Innovation, 28(4), 509-510.

32 Golse, N., Joly, F., Combari, P., Lewin, M., Nicolas, Q., Audebert, C., ... & Vignon-
Clementel, I. E. (2021). Predicting the risk of post-hepatectomy portal hypertension
using a digital twin: A clinical proof of concept. Journal of Hepatology, 74(3), 661-669.
33 Cheng, W., Lian, W., & Tian, J. (2022). Building the hospital intelligent twins for all-
scenario intelligence health care. Digital Health, 8, 20552076221107894.

o—8



TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

3. 4. KB - PRBOTIENI A LERDOER « BREDE~DICHIZET 5 ELSI

TIZNT A CEAN DB AEFSE~OISHIZIT D ELST 2 £ T —~ &35 3R 14
D5 B b AV H DX 2018 40D Bruynseels HIZ Ko T 4TV /o, Bruynseels
HIE, RBOT VXV A HROIGRIZ L > TRARERE T T VOVERR 2 EMRAIRE L 72 0 |
EANDERNY TIVE A MBI END Z L T, BELRRORINTEB T D& 7%
b3 Z B AREME A FRT L T\ 5, BURBYICIE, DIANIHERE CTH D & 72 SR TWTIRRED
2 N2, PEHER N AR, BMEE OO HRNMBEEIND L)1 hkd LTk
0. BADDRIEROIRERZRIRRED, TRTED 2\ b O TIER< 78 d &) B Z FIR
LTW5, EHI2, 29 LI TPHMRNM AR 2 BEWRr 7T B2 0 168 EEZ DD,
ENEBTZ NV AR NEBZDNEN DB, AMEFRGIEIZEL > TEOREAN
ENDREDEVSTFBRNELD AR H D E LTS, 72, Ax ORINCT TIIFE
LCWDIKT), R, FRe, FEmOEWD, HAOT XK E LTSNS T
XD & FNBEDPERNRE LW BERIEROERIELZ G2 2 &0, @ffiZzz= X K
DNINDT A NVEHOBFE « FIFICOWTONEHEROMENRAET S Z L &L T
AY/eR

Braun X, BEFEDOT XNV A UEIIZ LD AD T I 2 L— 3 UiE, BRI A O
EZDOLDEENPTHEDTIERNVEIT LD, ARTIZLY A U TERIASHIZVNED
M, EDOX I RTIRCTEE EINTZ DN OWTRIENLETHDL E LTS, £/2. ANH
FOY A NRAEEZ 525 2 ENRTE WS, BITEOH ORI OWTHD Z 13T
XRVWEE, FEBEEESERIMEET D Z ENTERVWEAD Y I 2 L— 3 VITEER
THRERIZ R DV AR HE L, ZNLEESTEDITIIANEHEREINTZY A > DOEO
MAERFRERA V2 72— ARRDOLND ELTND, TOM, NI H LTerI=ab—
TarENERBERICT 7 BATREN, T 7R LT R LWV E WD i
IKIROSM 22 NEEE L, @i D 2 ENEETH S LR L T\ o, BIEDOT Y
ANIAL DT Ta—FiL, TRTKENATI7RECL > THEES N D REREE 2 ¥
—TCHREINTEBY, —BHTROBIMOAREENHIR I TV D Z L2220 Thfih v
5B Ik, AWFFEO LY 2 — CTEH L72 ELST BEO STk 14 4ED 5 B, 5 1%, Z @ Braun
DimZ I ZBHEH L7~ Commentary TH Y, ZNHDT—<IZ DOV T DHEMNIERTHDZ &N
AT,

Popa B, ~VAFZ THEELTOREDT VXY A L EHR ORI T 5 S MmER 72
gL VA7 AT 2 EMRAE L LT, UEFAELTT o 72 BT, R, WFEE ., 178
MTEROREZ I L 23 OMEE(bA v F Ea—%2FEf L=, FOH T, EEICELTIL,
FABR MR 72T VD Kb TCICHFEET D Ly FedsEs K o%k
BERW2ZBERE SR END L LooY, FIEHEDOAL VX Ea—OH T, MMk
DHRWVERO T TIRERAIC B I DN RWES S | LWHIBERH =2 L2/ L

34 Bruynseels, K., Santoni de Sio, F., & Van den Hoven, J. (2018). Digital twins in
health care: ethical implications of an emerging engineering paradigm. Frontiers in
genetics, 31.

35 Braun, M. (2021). Represent me: please! towards an ethics of digital twins in
medicine. Journal of Medical Ethics, 47(6), 394-400.



WBE Fiivss T BeBEEORE] F65H 1%
Journal of Information and Communications Policy Vol.6 No.1

TWD, FTo. TVZANNYA VHIROERIZE Y | EEEERO A T T 2 ax oK TR,
IS OTIGHE A E TORRSOBRE 2 A M OIK T, BRI O&EHE & 20 - inEIcBIT 5=
T —EREC LD 3 A MHBR EDOA Y v ERIFRFCE L —07, TUXNYA BT VRS
RAVTFURA, @fitr v TR, ENDEERT AT ALY —a R NEHE TS L

F =2 L& L TOAMMRHEZ 20585 T R W L L T\ b, 2ofh, 7
CENYA OIERIE, HEAZEET TRBE D L0 Z L OFBRICEDNTATE & D
ETEDLIICRDLTED, ~NATTIZEATAHAREICEBNTEY GERAREMEEZITHT S
TEBTEXLLICRDENI AV MRBHDE—FH, T7TANV—RE X2 T4 VU X
7. R RNEREDV RITPAELD E Lz, &ZIZ, 2O OREEE 2. BURKR
s & LT, BRI Y R 7 &M Lo of#ig 2 e kb3 5 7= ik, ReE,
e, 1T, TRENENOMECFIE 2 EMET A 2 ENEETHD & LT %,

Teller (X, [HADT —ZIZEASWTHEHMINDILFE - KEFEOT VXLV A NTONT,
ERRBLENOIX, 7T — X ITAHEDRIE, BAEARHI O RN HEEME, 7 — 2 R#EOME, S5
TR AMEOEFICETARER "B E L, AEBOFEIChEST 5 EREEEET
L2 OBEREZRZT HMNBEMEIZOWTIRE L TWe, £OHF T, BHOT —Z I3 51
ANDOHER & . AR T 2 ADHEFRZ ED X 5 ICHRT D080 5 RIBED B H] & L
T, BHRYR & B O BMRE 28T DA Z T RAOREEICEEL 5.2 5[0 H 5
BB OHRET O ENY A AZBNTE IR e WD ERE LT/ > T D 7,

Huang 1%, DT VX VY A U HT A ERE ST~V A 77— B RS DB
OFERAFREIC OW TR BRFT 272D DR L B a2 — %475 T, T VXY A U Hil
OICHIE, EEEERIED EE TP S5 Z 212k D . REIERRPHERIE 7 DA RS
R E BRI MERICH G T D EEERELT IV RAIRH D LBE LD, £12, AxDOft
ERFERICE > TE, TV A USRS A EROEN T RO SR WSS
20, AR D72 DI BT E RIS EE S W TITENT 2 TR 2 F CTRWATREMER & 5 =
EIZOWTHIEHLTWD, Z0ftl, Kk XU — A NeT 52 ENAETHLHITT O
TUHNY A CENNS L o T ATEEER e EOBFITRB VT, B RSCIHREK, R
COEHENE Z D ATREMEN B D Z Lo T hh TV S %,

RO F 2o —3 g A>T b DL LT, Braun b, BEOT D Z LY 1 Hilid
RERAEA~DOIERHIZOWTHRFT L T 5, FRIC, RAICIEMZRIERZ B2 D 2 & RHEE e 2
EMBZNFEBIZE ST, TVFNAYA CEIRDICHIZE D ZNENDT E b DERIGH
RAEN DU 72 EDRRINL TNV D IEREZ AT 52 & T, 786 ORBEBEEREE DS i
DKW E TED X105 7% 8, WEEMOBLAND ROVIENHIHTELELTWDS, 2
D LIt R ET 570D MEE LT, UT A A LEFERELZ~ Yy E L 7 ENET

36 Popa, E. O., van Hilten, M., Oosterkamp, E., & Bogaardt, M. J. (2021). The use of
digital twins in healthcare: socio-ethical benefits and socio-ethical risks. Life sciences,
society and policy, 17(1), 1-25.

37 Teller, M. (2021). Legal aspects related to digital twin. Philosophical Transactions of
the Royal Society A, 379(2207), 20210023.

38 Huang, P. H., Kim, K. H., & Schermer, M. (2022). Ethical Issues of Digital Twins for
Personalized Health Care Service: Preliminary Mapping Study. Journal of Medical
Internet Research, 24(1), e33081.

o—10



TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

TENYA DR HEBMETHDLH L FEBTLRESOERTHERORY H LR
EREATEXDHEI VAT AICHBIZIT V7 EATXL L9 LTBLSBERHLZ L, +&
L DT T AN —REORREMEN H o 2GSRBS TE 5 L 9 REES ZHIEMIC
ML L TR ZEZEBLTND ™,

T, AFEDOL E2—IZBWTERA LT ELSI & ERT7 —~ & L2V CHERIZEBWV T,
ELST N E & ST B HIEZ 17207223, Voigt B, JRFRE  FREOT VX LY A T
DN, BT E 72 EOBIZ B E RN O AR S NIZET AR AL T ADERRTAZM 21T
IHREMENRH D &) IR U AT, VA VBT T D E L RWTFHIZ OV TARAR
D72 MRS D E I I, T2 ELEERPFTILWER Y —F U XL L7025 R
TN DH L7 EIZOWTHRML, TUX VYA ERIHT ALY A O TFHRICE L
HRRIZESWIEBEEIREZIT ORI 28 O WERH D Z LIZHON TR TUN 2 X,

Vb, B O SCHRCTIRFS - BT DT VX VY A HIROERR « RSB ~OISHICBIT 5
ELST IZOWTER SN TND Z EDMERTE 2, i TWisimalcoE, b0k
7% 3T T, M2 Of SRR ST, KEDIC HEE~DRE ) & TEA~D A
W Tz, o, 2o E, HAORBEOWTIUC LY LI D HD L LT, kD
M) 0 DER] 2R EOBMENERL I DEVIH bR I T Y,

K3 LE - REOTOILYA URMOER - BESF~DISAICEY 5 EE ELSI

[(HENDRE] [ BANDEE]
QURZ OURY

< WA ZDERICED S FHALRNTAPERES DA ISAI—RE

- WA 2 DERICED S ERIDFISH UL SR AZEL eFaUTFsURY

« KF)\ATORECKZBELNFHER - B=BICKDEELGTA - BBROURY

- WA T DHEEPT OTRCEY TS - ARQILE - WA OBERICEDENRBORER”. A=

+ BADHDHEEIR MEX - RERETEDBEMERML

OBIRHIE OBBIRHIE

- NRERFIE TOSIESHOEEY - BEOYA L(CRET IBMCDOVTOBNLRER

© T REATI DR - BEDOYA ZDEADF I AEDHER

- T IFatEDEE - BEOWYA S OERADT I A0EERA 25 — T T — A% @
- TSI —EEREMBANFE L ITEE0ORIDBRIEL - BEOYA ZOBIRICBE=ENT T ARG DIRE
- DECEIRTE, RAEANDILAFE LR - BEOYA ZOERIC T I AR REDRE

- HEHIFESROEMN. TREIOER - BEORRICREY DMEOBIRDEIDRODEEE

4. R

4. 1. XEOBEEFHLBEFEICONT

KIFZEDO L ¥ o —TEH L7230 118 HEoEZ L oL, 2017 428 1 4, 2018 £
23 1, 2019 428 8 . 2020 4E 14 £, 2021 4E728 60 £, 2022 478 29 f£ L 72> T
Too TUXNYA HIGOER « RSB A~OISHIZOWTILEL 5 FMCH T8 L
WT—=Th V., 2019 FEN L/ LOBRFENEZ TWD Z ENER D, MEHD 2022 £

39 Braun, M., & Krutzinna, J. (2022). Digital twins and the ethics of health decision-
making concerning children. Patterns, 3(4), 100469.

40 FifgTE 22

41 [iHBITE 34

on—1



WBE Fiivss T BeBEEORE] F65H 1%
Journal of Information and Communications Policy Vol.6 No.1

TH1IRTHDZ E&BZ25 L&, 2022 FEOHTERUT 2021 4 & RIFRRENT LY BN
THHREMLHY ., EANEE > TV HHEEETH D L W2 D,

Flo, AFEO L E 2 —THRA LR 118 D2 b, A—7 0T 7 & A2 kI
S AVTWESCERIZ B TH D . 241 OFMHERE O it Tl Frontiers 7% 16 {4 T
$ %<, WNTMDPI 728 10 £ & 725 Tz, IEF, FasCLEEN T8 (Article Processing
Charge : APC) 2 E 4 54— 7 7 & XA & F»1TF 5 HhtETiX, BMC, Frontiers, MDPI,
Hindawi 72 E2AKF & L TRINS VTV S 23, 7T Frontiers & MDPT [T 4 O SCHo#k
HNPRKRELMHRTWDEZ ENRFTLNTVWD 2, Frontiers, MDPI ~D & TRk 27> 7=
ZliE, IS ORI TS S R SRR 2 T L TV D T LR RICH D]
REMENDH D, T, JAFE - KEBOT DX VY A U H AT & EWR - BEEE & fHL A5 ot 7= Sk
E. O NBEDNBRREIDSEBY SO 5 2 & b2 W2 ABHEH 72 22 1 45 B O 24 sk
£V b, FEOFERR IR FINEERE & BUFtER mo o T REtE b B 2 b D,

4. 2. GE-BEOTOIILYA VEMOER - BRSFICH T 5GATRES
AWFFED L E 2 —TEA L7 3CER 113 0 5 B ERIOFEEIZ- DWW T O AIZE T 5 3
BRIX 88 TH 1=, MIBOBMEE, AR TEORTEFERT DI LIXTE o7, &
RE7 i & LT, 12 & A EOMED, FrE DM - fges « IKEBET LIZHONWTOV I 2 b
—2a OV TOLDOTH Y, BB Z B2 THEOEBZHIET 5 X 5 728 A OfE
FEREDIIRZ b —Z L TITO WMV AT &7 FOHERU EO b DITHER TE 2o
Too Fo, HBGEEIIGH L W2 & JRFR - kEOT U XY A U EIFOIS I
ONT, EHLLVETIToTNDLDITEA LR, ERCHTHEDORE, HDH0
Ta b7 FORTRIZE o T e, £ LT &2 & LT, EofEEIZ>V»To
JSRICBET 2 X TliX, U T A A0 MG M OIE R Z LD W R ET V2T
CEANIA L ERLTWDEEDONREL, WELTEET LVOAREIC OV THE L TWDH L
BROIZEAEDREOT O H NI A NTHEL LN EDThoTe, 2O X DI, [ER - fah
TEICBITOREOT VXNV A N E TN E R R E LT, AMERIE
WIZZ OEBREZALTEY, 2O TOFHINKNETSH D Z L bEROKEIZRA N
bHZERENFETOEND B, —FH T, AR TR LIZL 1T, Ml - Res - R E oMM
MEENTZ L THIUE, ZTDOA N =X APRZERICHEIFIN TN LT, —ERE
DY 2l —2a BT DHHERET IVOBEICOWTHRENH SO H D RICH 5,
Ko T, B - BREDEICB W T, U TV H A Do BT OB R & D IV RFED
T IHE N A IO T ORFFERCER IR I H O FEBLN Y i O T E RIS & 72> T
<EHBND,

—77C, Cheng GH23ANMLTWDH LS 7% M REDOT XN A B O EFRBRSGIZEH
F B FEHART TIATOIL TN D FHNIREFER, TF, TV FNV T AT f—A—
2D Ly ROHFT, EEEFE OR R E BRI T R KDO—D & LT, TP

42 Khoo, S. Y. S. (2019). Article processing charge hyperinflation and price insensitivity:
An open access sequel to the serials crisis. Liber Quarterly, 29(1), 1-18.

13 [ifeTE 36

4 {ieTE 33

o—12



TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

IoTuRy FEEATSE [A~v— FRAEHX /L] BNEA S, ERNTHEEHNIHRE SR
SohD B, i, NENFOEIKKANE A / X— 3 717 F 2. (Cross-ministerial
Strategic Innovation Promotion Program : SIP) 28\ C ATl (NTLHIHE) KA X LZ
L DEEDBW - IRV AT L) WD T —< THFEBIR M b, 2022 FEHERKIZE T VG
Bt COERBIEZ B L TWARMICH S %, 2D X 512, HbLEEFERICs VT, ToT X
Al 72 LT U Z NMEIZ K 2B bIc O W T O =—X T\, AT 7a—F B3l A b
TWDHRIIZH D, TIX YA UL, T, 772 b, Wi EOS Iz W CEEIR
BEAAZHL D FAADTOILTND Z LD Y IRBEEH ~D IS HIZ DWW T O N— RVIEER] D
BRI A~OIEH L0 HIRNEB X ONDHT20, SRIFIECRENKEA & 72 5 AHerE &
W, 7235, Cheng H AN LTV D FEBIOHF TIL, WESNTHEREICIZAI N T 4 — KA
v 7 AT OBERBIZ DWW T, Al OFE T — X R 72 EOBR CHEARIEHIZITE > T
W2 ERBRIBNTND ¥, 29 Lo, BIEMFA~OGITRERIZESNT, AFE ST
BENTEIT) [T 7Faxz—a | iIZOWTE, TIOXYA o OISHNET G
O EEHTH, FHIDBR O TNDIRGUZH D, FHPEEE FkicB WX, 2oL
T Faz—a UHERERR AT DOT VXY A EAT OB BN, 5% OWFSE
DERD—D LT D EHLND,

O, AEFFEDO L E 2 —TEH L7209 b, fERNC B2 & fEBRgeAOEi 5 o4
BIEBUC RIS 5 SRS 24 1 & IS L e > TNz, Z DRI HOWT, BEFFED SCHRkD B 12
72 Bl 2 L3 2 S IXTE R o 7oAy Dl - I8 7S =Rt S 2 b o 7o lidas
ThbHZ Lo, MFE - LEMREYTIVEA LTOFHRNATRERFEENFIEL TWD Z &,
RE AP DIR B ARNEER 2 EEEERI RN SE N2 LR 8D, TUXNYA DK D
B LA EHRESCE =2 ) I oV TO=—ARNE NI ERERICH DL EEZ LN
7o b X912, < ETHEESOR TIED 243, BRI OMFIEEN A0, AFIEIEA R
TR A FFE CE I Z EITAREDOH LW TH D L2 b,

4. 3. GE-BEBEOTIOALYA VEMOER - BESEFICHSITHERAICEY S ELSI IS
2L\ T

ERD XSz, TR - PRFEDOT P XN A RO - B ~DIS IOV TR,
FEHEMEO L DIIFTE A L7 AR OREEIZ R 5 SCRIZIB W T, BfRA 72 ELSI Off
WCOBRNRDERITIFEAERZIT N oT=, —H T, 2O X9 R RSB THY O
24 ELSI # £/ 7 —~ &3 2 30D —E st < v, @5 o ELSTICE Si&am C b [+

45 RIMERES, (T, NEER, BRIFEAH T, @R, & HSEFR. (2022). A~ — |
FE BB T TG REITEH O 7 Z 77 ¢ A Hffam 3 1. A~ — FRA B X2 UERIC
B LRAMZ AN ARy FOIGH. H#AH, 63(5), d1-d32.

16 NEIF [2ZEE S AIBRAE X VXD EEDBE - 16 AT L)
https://www8.cao.go.jp/cstp/gaiyo/sip/iinkai2/aihospital_11/sanko3.pdf

47 [{ifETE 14

48 [iifg Tk 33

49 BERE—, & ZHriss. (2021, October). 7 — # BREWRIASIZIIT 5T VX VY A 1T
B3 2542 In 1HMIRE (pp. 45-48). H AN Hft = .

m—13



WBE Fiivss T BeBEEORE] F65H 1%
Journal of Information and Communications Policy Vol.6 No.1

DO X MEAA~OREE 12T 25ADEEEET ST sUBLBREEV, 215
NTWERBEDI B, TIAN—RESLEX 2T 0 VAT R EWTT XY A LS
DEFIER EThEmNSHEIN TV D —RIRFRA TH o0 O T VXY A ik
AOMBELELEZET LT e, RS, B - fEFRESE Tl FFEOEARS, £20—HThH
LAEBRPERON R LD ENREE - 7T F V=T U TR EORATT DSy
Bl Bipo>THY, 295 LEAICEET FmANET o T Z i, HIER - BURRI72
BLAOOBIEATREARTHD LV D,

— /T, Zhod ELSI 22T —< LT 5N EEL TWAHT VX LY A I

DNWTIE, DA Z 8 2 TEAOEIREES b — X VTR 2 X 5 72, FHEMI DRk
DT TENY A ERBELZ#EmN S <. TOs, FEEICHE M Thb, fAEShTnb
22— —2AL N LY A7 EZREIHEZ T LES> TWAHHARH D BN, 12, 5
BN FHIH 72 TOFEMIZ 72 > T D728, IEHIE - BUR 78 & 0 BRI 22 ik Rz >
WTOFERIZ L, FEY ORI ES>TWVEEDONELEAETH T,
BUK, W LU BT, FEE OMEONBER . BB COBHNRET VEIESS LT
LZMOMAITEES>TNDZ E0 D IBWVFERICEEINDGETH, 2D X 5 RJRETHI7Z2
VA UDHLODENIIRD EHRBND, SRITEBROFIEENRCILEFTE L~/ bE Tz,
HEmOER RO ENDTEA D,

4. 4. HROBSR

ARFGEOMRI L L TiX, ETUEMBOZLMERHT 5N D, FH—I2, KT, TV
T A N HFEDIRH ) RCERE - RIS T D EE M AR 5 B T1T -
728, i E = gkodcix “virtual twin”, “digital double” &9 HFEZMEH LT
WHLDOLHY | HFEOT VXY A CHANICBEE T A0, “digital twin” LSO H
FEEHVTHE SN TV D AREME N RIBE SN, £72, BE - BRSO FICB W TI, kED
T UH NI A AZONTOMFIENT D72, U T IVE A DO F [ OIE WA % (b 7a
FIRET IV THDILEZDOT VXN A NZH T DD T NL ATHhILT0D Z ERAR
WFZe 208 L THER TEX 722, BT EICOWTIRT U2 Y A i E0B LWHEELR v
PFIC, BMICETFTAEICL S Ialb—va UL LTHRESRTWAr—2 %< &b
B ERHBI, A TITH T2 IR R TIEZENHIZONTH 7 e —F TE T ey, 20D
72, KAFZEIEHL ETIF VLY A W) EEEHWE] CERIZOWTDO L Ea—E 7
STEY KEILROT VI NYA LV DERICEET 22 TOMEEZIHTE T,
AT, ARBFSE T, B - ISR AR EIM & A < AR T 2 B CRBHGE L
RUT=Z0, AFZEORBTFETH D “mnedick” = “health*” A& FERVIFSE, BB D
FEBEES: « WK EFHIRICIRE SN AEO S E i CE o RN E 2 b D,
=12 ABFE CIXRGE CHE SN STRO A2 x5 L LT\ A7, HEEE LS OE 4 T
DOIFFEEB N DN THITHIH TE TWRWATREMER H 5, T2, AL TIE—EL LOE
BT DER - R B OMFSE A T 5 BT PubMed % W= SCHRIRER 21T - 7223,

50 ERETLE. (2014). ERIFIET —ZRHICB T EH T T4 RN —tvx o VT ¢ —i gk
W T EFOH WA, 251(3), 239-243.

on—14



TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

PubMed DIRFBEX BRI O LHRT S AN ERK T 2HIEITHOIN TN D FREMER H 5.

F O, ARFFEORR L LT, #i &7z ELST AW T, B - [ESEICBIT S
JRFE « RFEDT D H Y A EROISRHICEB W THRHA O TH DN E WD SOV TO
EBENPREL TS, B, i ESNZmAOT T, REOT D H Y A VBT ORI
BTHLDOE, ZITRVLDOERHDLN, 6 OEHELRIBORMR £+l TX T
20, o, BROSRRBICBIT HRA L H 0, R - LBOT VXNV A L DOERICE
T ERNEEW > TOWDRT I Z LY A &9 3EE VTR STERIZ O W TR ARRZE
THIHTE TWAWED, BEICHER SN TV A A THIIHTE TV ARNS DN 5 alHelE
NdH 5,

5. &LWZIc

ARETIE, UL B 2 —ZEDNWT, R - IRBDOT DX Y A CHAGO R - sy B
BT DS ATREMEIC DWW T OB A & . BIRER THM STV D ELSTIZ DWW THEEL L
Too EIR AEFE DB ~DT VX VY A HFHIZOW T, EH LD L DITIFE A RN
WL TIEH 203, FEIC &> TUIFEDNEANATHON TWD Z & | JRERE s o i CBECHE
LHND D Z DR TE T, 5%, AW TR Sz ik z oic, BhET 24580
TAEL, MBEMEOFERF 2 E21T-o T 2 & T L VBRI FZEEh M OHREA AT HE & 72
HEEZLND,

F72, ELSTIZOWTOICHkS —EHRER TE | JLFR - KFBDOT VXY A U ER O -
MRS P B 1T BN ICET 5 ELSI Al DWW TEREINTWA Z L bR TX -8, Hl
WCIXEAEM 2 FERROFERICITE - TE LT, FE Y 7 ORRICEE-> TV, ZHHOD
B Ot I EIIT T ERERIR 0D L A LN D8, RFTHZRE A TR Thii T
HLOLHLNDTD, SR S NIZGHA D ) LEEFOREmOERMN Vb O & L, ik
HIEE « BOROBLE O DiEEm A B SE TV BERH L7249,

&4 RAXH—E

1. Ahmed, H., & Devoto, L. (2021). The potential of a digital twin in surgery. Surgical Innovation,
284), 509-510.
2. Ali, A., Dindoust, D., Grant, J., & Clarke, D. (2021). Delivering epilepsy care in low-resource

settings: the role of technology. Expert Review of Medical Devices, 18(supl), 13-23.

3. Alrashed, S., Min-Allah, N., Ali, I., & Mehmood, R. (2022). COVID-19 outbreak and the role of
digital twin. Multimedia Tools and Applications, 1-15.

4. Antonini, L., Berti, F., Isella, B., Hossain, D., Mandelli, L., Pennati, G., & Petrini, L. (2021). From
the real device to the digital twin: A coupled experimental-numerical strategy to investigate a novel
bioresorbable vascular scaffold. Plos one, 16(6), e0252788.

5. Appl, C., Moser, A., Baganz, F., & Hass, V. C. (2020). Digital Twins for bioprocess control strategy
development and realisation. Digital Twins, 63-94.

6. Aubert, K., Germaneau, A., Rochette, M., Ye, W., Severyns, M., Billot, M., ... & Vendeuvre, T.
(2021). Development of Digital Twins to Optimize Trauma Surgery and Postoperative

Management. A Case Study Focusing on Tibial Plateau Fracture. Frontiers in Bioengineering and
Biotechnology, 856.

7. Banerjee, A., Camps, J., Zacur, E., Andrews, C. M., Rudy, Y., Choudhury, R. P., ... & Grau, V. (2021).
A completely automated pipeline for 3D reconstruction of human heart from 2D cine magnetic
resonance slices. Philosophical Transactions of the Royal Society A, 3792212), 20200257.

Im—15



WBE Fiivss T BeBEEORE] F65H 1%
Journal of Information and Communications Policy Vol.6 No.1

Barbiero, P., Vifias Torné, R., & Lié, P. (2021). Graph representation forecasting of patient's medical
conditions: Toward a digital twin. Frontiers in genetics, 1289.

Basu, B., Gowtham, N. H., Xiao, Y., Kalidindi, S. R., & Leong, K. W. (2022). Biomaterialomics: Data
science-driven pathways to develop fourth-generation biomaterials. Acta Biomaterialia.

10.

Batch, K. E., Yue, J., Darcovich, A., Lupton, K., Liu, C. C., Woodlock, D. P, ... & Simpson, A.
(2022). Developing a Cancer Digital Twin: Supervised Metastases Detection from Consecutive
Structured Radiology Reports. Frontiers in artificial intelligence, 26.

11.

Bhattad, P. B., & Jain, V. (2020). Artificial Intelligence in Modern Medicine - The Evolving
Necessity of the Present and Role in Transforming the Future of Medical Care. Cureus, 12(5),
e8041.

12.

Bideault, G., Scaccia, A., Zahel, T., Landertinger, R. W., & Daluwatte, C. (2021). Verification and
validation of computational models used in biopharmaceutical manufacturing: potential
application of the ASME verification and validation 40 standard and FDA proposed AI/ML model
life cycle management framework. Journal of Pharmaceutical Sciences, 110(4), 1540-1544.

13.

Braun, M. (2021). Represent me: please! towards an ethics of digital twins in medicine. Journal of
Medical Ethics, 476), 394-400.

14.

Bjornsson, B., Borrebaeck, C., Elander, N., Gasslander, T., Gawel, D. R., Gustafsson, M., ... &
Benson, M. (2020). Digital twins to personalize medicine. Genome medicine, 1X1), 1-4.

15.

de Boer, B. (2020). Experiencing objectified health: turning the body into an object of attention.
Medicine, health care and philosophy, 233), 401-411.

16.

Braun, M. (2021). Ethics of digital twins: four challenges. Journal of Medical Ethics.

17.

Braun, M., & Krutzinna, J. (2022). Digital twins and the ethics of health decision-making
concerning children. Patterns, X4), 100469.

18.

Bridio, S., Luraghi, G., Rodriguez Matas, J. F., Dubini, G., Giassi, G. G., Maggio, G, ... &
Migliavacca, F. (2021). Impact of the Internal Carotid Artery Morphology on in silico Stent-
Retriever Thrombectomy Outcome. Frontiers in Medical Technology, 3, 719909.

19.

Bruynseels, K., Santoni de Sio, F., & Van den Hoven, J. (2018). Digital twins in health care: ethical
implications of an emerging engineering paradigm. Frontiers in genetics, 31.

20.

Cahill, R. A., Mac Aonghusa, P., & Mortensen, N. (2022). The age of surgical operative video big
data-My bicycle or our park?. The Surgeon, 2003), e7-e12.

21.

Caligiore, D., Montedori, F., Buscaglione, S., & Capirchio, A. (2021). Increasing Serotonin to
Reduce Parkinsonian Tremor. Frontiers in Systems Neuroscience, 66.

22.

Camps, J., Lawson, B., Drovandi, C., Minchole, A., Wang, Z. J., Grau, V., ... & Rodriguez, B.
(2021). Inference of ventricular activation properties from non-invasive electrocardiography.
Medical image analysis, 73, 102143.

23.

Canzoneri, M., Luca, A. D., & Harttung, J. (2020). Digital twins: A general overview of the
biopharma industry. Digital Twins, 167-184.

24.

Ceccaldi, P. F., Pirtea, P., Lemarteleur, V., Poulain, M., Ziegler, D. D., & Ayoubi, J. M. (2019).
Simulation and professional development: added value of 3D modelization in reproductive
endocrinology and infertility and assisted reproductive technologies teamwork. Gynecological
Endocrinology, 535(7), 559-563.

25.

Chakshu, N. K., Carson, J., Sazonov, I., & Nithiarasu, P. (2019). A semi-active human digital
twin model for detecting severity of carotid stenoses from head vibration—A coupled
computational mechanics and computer vision method. International journal for numerical
methods in biomedical engineering, 35(5), e3180.

26.

Chakshu, N. K., Carson, J. M., Sazonov, 1., & Nithiarasu, P. (2022). Automating fractional flow
reserve (FFR) calculation from CT scans: A rapid workflow using unsupervised learning and
computational fluid dynamics. International Journal for Numerical Methods in Biomedical
Engineering, 353), e3559.

27.

Chakshu, N. K., Sazonov, I., & Nithiarasu, P. (2021). Towards enabling a cardiovascular digital
twin for human systemic circulation using inverse analysis. Biomechanics and modeling in
mechanobiology, 20(2), 449-465.

o—16




TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

28.

Chen, G., Cui, J., Qian, J., Zhu, J., Zhao, L., Luo, B., ... & Sun, J. (2022). Rapid Progress in
Intelligent Radiotherapy and Future Implementation. Cancer Investigation, 405), 425-436.

29.

Chen, J. (2022). 3D Visualization Analysis of Motion Trajectory of Knee Joint in Sports Training
Based on Digital Twin. Computational Intelligence and Neuroscience, 2022.

30.

Cheng, W., Lian, W., & Tian, J. (2022). Building the hospital intelligent twins for all-scenario
intelligence health care. Digital Health, 8 20552076221107894.

31.

Cho, S. W., Byun, S. H., Yi, S., Jang, W. S, Kim, J. C., Park, I. Y., & Yang, B. E. (2021). Sagittal
relationship between the maxillary central incisors and the forehead in digital twins of korean
adult females. Journal of Personalized Medicine, 11(3), 203.

32.

Coorey, G., Figtree, G. A., Fletcher, D. F., & Redfern, J. (2021). The health digital twin: advancing
precision cardiovascular medicine. Nature Reviews Cardiology, 18(12), 803-804.

33.

Corral-Acero, J., Margara, F., Marciniak, M., Rodero, C., Loncaric, F., Feng, Y., ... & Lamata, P.
(2020). The ‘Digital Twinto enable the vision of precision cardiology. European heart journal,
41(48), 4556-4564.

34.

Crea, F. (2020). Focus on hypertension but also on the ‘the digital twin’and on kidney function
and disease. European Heart Journal, 41(48), 4531-4534.

35.

Croatti, A., Gabellini, M., Montagna, S., & Ricci, A. (2020). On the integration of agents and
digital twins in healthcare. Journal of Medical Systems, 449), 1-8.

36.

Cullen, S., Mackay, R., Mohagheghi, A., & Du, X. (2021). The Use of Smartphone
Photogrammetry to Digitise Transtibial Sockets: Optimisation of Method and Quantitative
Evaluation of Suitability. Sensors, 21(24), 8405.

37.

Dang, J., Lal, A, Flurin, L., James, A., Gajic, O., & Rabinstein, A. A. (2021). Predictive modeling
in neurocritical care using causal artificial intelligence. World Journal of Critical Care Medicine,
10(4), 112.

38.

Defraeye, T., Bahrami, F., Ding, L., Malini, R. I., Terrier, A., & Rossi, R. M. (2020). Predicting
transdermal fentanyl delivery using mechanistic simulations for tailored therapy. Frontiers in
pharmacology, 11, 585393.

39.

Defraeye, T., Bahrami, F., & Rossi, R. M. (2021). Inverse mechanistic modeling of transdermal
drug delivery for fast identification of optimal model parameters. Frontiers in Pharmacology, 442.

40.

Dillenseger, A., Weidemann, M. L., Trentzsch, K., Inojosa, H., Haase, R., Schriefer, D., ... &
Ziemssen, T. (2021). Digital biomarkers in multiple sclerosis. Brain Sciences, 11(11), 1519.

41.

Du, X, Liu, M., & Sun, Y. (2022). Segmentation, Detection, and Tracking of Stem Cell Image by
Digital Twins and Lightweight Deep Learning. Computational Intelligence and Neuroscience,
2022.

42.

Van den Eynde, J., Manlhiot, C., Van De Bruaene, A., Diller, G. P., Frangi, A. F., Budts, W., &
Kutty, S. (2021). Medicine-based evidence in congenital heart disease: how artificial intelligence
can guide treatment decisions for individual patients. Frontiers in Cardiovascular Medicine,
1792.

43.

Fagherazzi, G. (2020). Deep digital phenotyping and digital twins for precision health: time to dig
deeper. Journal of Medical Internet Research, 2X3), e16770.

44.

Fu, W., Sharma, S., Abadi, E., Iliopoulos, A. S., Wang, Q., Lo, J. Y., ... & Samei, E. (2021).
iPhantom: a framework for automated creation of individualized computational phantoms and its
application to CT organ dosimetry. IEEE Journal of Biomedical and Health Informatics, 25(8),
3061-3072.

45.

Forster, K. M., Roth, C. J., Hilgendorff, A., Ertl-Wagner, B., Flemmer, A. W., & Wall, W. A.
(2021). In silico numerical simulation of ventilator settings during high-frequency ventilation in
preterm infants. Pediatric Pulmonology, 56(12), 3839-3846.

46.

Géamez Diaz, R., Yu, Q., Ding, Y., Laamarti, F., & El Saddik, A. (2020). Digital twin coaching for
physical activities: A survey. Sensors, 20(20), 5936.

Im—17




WBE Fiivss T BeBEEORE] F65H 1%
Journal of Information and Communications Policy Vol.6 No.1

47.

Geissler, F., Heil3, R., Kopp, M., Wiesmiller, M., Saake, M., Wuest, W., Wimmer, A., Prell, V.,
Uder, M., & May, M. S. (2021). Personalized computed tomography - Automated estimation

of height and weight of a simulated digital twin using a 3D camera and artificial intelligence.
Personalisierte Computertomografie — automatisierte Abschitzung von Grofle und Gewicht durch
Simulation eines digitalen Zwillings mit einer 3D-Kamera und kiinstlicher Intelligenz. RoFo :
Fortschritte auf dem Gebiete der Rontgenstrahlen und der Nuklearmedizin, 193(4), 437—445.

48.

Gillette, K., Gsell, M. A., Bouyssier, J., Prassl, A. J., Neic, A., Vigmond, E. J., & Plank, G. (2021).
Automated framework for the inclusion of a His—Purkinje system in cardiac digital twins of
ventricular electrophysiology. Annals of biomedical engineering, 4412), 3143-3153.

49.

Gillette, K., Gsell, M. A,, Prassl, A. J., Karabelas, E., Reiter, U., Reiter, G, ... & Plank, G. (2021).
A framework for the generation of digital twins of cardiac electrophysiology from clinical 12-leads
ECGs. Medical Image Analysis, 71, 102080.

50.

Gkouskou, K., Vlastos, I., Karkalousos, P., Chaniotis, D., Sanoudou, D., & Eliopoulos, A. G. (2020).
The “virtual digital twins” concept in precision nutrition. Advances in Nutrition, 11(6), 1405-1413.

51.

Golse, N., Joly, F., Combari, P., Lewin, M., Nicolas, Q., Audebert, C., ... & Vignon-Clementel, I. E.
(2021). Predicting the risk of post-hepatectomy portal hypertension using a digital twin: A clinical
proof of concept. Journal of Hepatology, 74(3), 661-669.

52.

Gomis-Fons, J., Schwarz, H., Zhang, L., Andersson, N., Nilsson, B., Castan, A, ... & Chotteau, V.
(2020). Model-based design and control of a small-scale integrated continuous end-to-end mAb
platform. Biotechnology progress, 36(4), e2995.

53.

Guo, J., & Lv, Z. (2022). Application of Digital Twins in multiple fields. Multimedia tools and
applications, 1-217.

54.

Hernandez-Boussard, T., Macklin, P., Greenspan, E. J., Gryshuk, A. L., Stahlberg, E., Syeda-
Mahmood, T., & Shmulevich, I. (2021). Digital twins for predictive oncology will be a paradigm
shift for precision cancer care. Nature medicine, 2712), 2065-2066.

55.

Greenbaum, D. (2020). Making Compassionate Use More Useful: Using real-world data, real-
world evidence and digital twins to supplement or supplant randomized controlled trials. In
Biocomputing 2021 Proceedings of the Pacific Symposium (pp. 38-49).

56.

Hirschvogel, M., Jagschies, L., Maier, A., Wildhirt, S. M., & Gee, M. W. (2019). An in silico twin
for epicardial augmentation of the failing heart. International journal for numerical methods in
biomedical engineering, 35(10), e3233.

57.

Hose, D. R., Lawford, P. V., Huberts, W., Hellevik, L. R., Omholt, S. W., & van de Vosse, F. N.
(2019). Cardiovascular models for personalised medicine: Where now and where next?. Medical
engineering & physics, 72, 38-48.

58.

Huang, P. H., Kim, K. H., & Schermer, M. (2022). Ethical Issues of Digital Twins for Personalized
Health Care Service: Preliminary Mapping Study. Journal of Medical Internet Research, 24(1),
e33081.

59.

Joslyn, L. R., Linderman, J. J., & Kirschner, D. E. (2022). A virtual host model of Mycobacterium
tuberculosis infection identifies early immune events as predictive of infection outcomes. Journal
of Theoretical Biology, 5639, 111042.

60.

Jossen, V., Eibl, D., & Eibl, R. (2020). Numerical Methods for the Design and Description of In
Vitro Expansion Processes of Human Mesenchymal Stem Cells. Digital Twins, 185-228.

61.

Jung, A., Gsell, M. A., Augustin, C. M., & Plank, G. (2022). An Integrated Workflow for Building
Digital Twins of Cardiac Electromechanics—A Multi-Fidelity Approach for Personalising Active
Mechanics. Mathematics, 1(5), 823.

62.

Kamel Boulos, M. N., & Zhang, P. (2021). Digital twins: from personalised medicine to precision
public health. Journal of Personalized Medicine, 11(8), 745.

63.

de Kerckhove, D. (2021). The personal digital twin, ethical considerations. Philosophical
Transactions of the Royal Society A, 37%2207), 20200367.

64.

Khan, A., Milne-Ives, M., Meinert, E., Iyawa, G. E., Jones, R. B., & Josephraj, A. N. (2022). A
scoping review of digital twins in the context of the Covid-19 pandemic. Biomedical Engineering
and Computational Biology, 13, 11795972221102115.

o—18




TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

65.

Lal, A., Li, G., Cubro, E., Chalmers, S., Li, H., Herasevich, V., ... & Gajic, O. (2020). Development
and verification of a digital twin patient model to predict specific treatment response during the
first 24 hours of sepsis. Critical care explorations, X11).

66.

Lal, A., Pinevich, Y., Gajic, O., Herasevich, V., & Pickering, B. (2020). Artificial intelligence and
computer simulation models in critical illness. World journal of critical care medicine, 9(2), 13—19.

67.

Lareyre, F., Adam, C., Carrier, M., & Raffort, J. (2020). Using digital twins for precision medicine
in vascular surgery. Annals of vascular surgery, 67, e577-e578.

68.

Laubenbacher, R., Niarakis, A., Helikar, T., An, G., Shapiro, B., Malik-Sheriff, R. S., ... & Glazier,
J. A. (2022). Building digital twins of the human immune system: toward a roadmap. npj Digital
Medicine, 51), 1-5.

69.

Laubenbacher, R., Sluka, J. P., & Glazier, J. A. (2021). Using digital twins in viral infection.
Science, 371(6534), 1105-1106.

70.

Lauzeral, N., Borzacchiello, D., Kugler, M., George, D., Rémond, Y., Hostettler, A., & Chinesta, F.
(2019). A model order reduction approach to create patient-specific mechanical models of human
liver in computational medicine applications. Computer methods and programs in biomedicine,
170, 95-106.

71.

Lei, I. M., Jiang, C., Lei, C. L., de Rijk, S. R., Tam, Y. C., Swords, C., ... & Huang, Y. Y. S. (2021).
3D printed biomimetic cochleae and machine learning co-modelling provides clinical informatics for
cochlear implant patients. Nature communications, 121), 1-12.

72.

Leo, C. G., Tumolo, M. R., Sabina, S., Colella, R., Recchia, V., Ponzini, G., ... & Mincarone, P. (2022).
Health Technology Assessment for In Silico Medicine: Social, Ethical and Legal Aspects.
International Journal of Environmental Research and Public Health, 143), 1510.

73.

Li, X,, Lee, E. J., Lilja, S., Loscalzo, J., Schafer, S., Smelik, M., ... & Benson, M. (2022). A dynamic
single cell-based framework for digital twins to prioritize disease genes and drug targets. Genome
medicine, 14(1), 1-21.

74.

Loh, J. (2021). ‘Represent me: please! Towards an ethics of digital twins in medicine> Commentary.
Journal of Medical Ethics, 476), 412-412.

75.

Lonsdale, H., Gray, G. M., Ahumada, L. M., Yates, H. M., Varughese, A., & Rehman, M. A. (2022).
The Perioperative Human Digital Twin. Anesthesia & Analgesia, 1534(4), 885-892.

76.

Lupton, D. (2021). Language matters: the ‘digital twin’metaphor in health and medicine. Journal
of medical ethics, 47(6), 409-409.

7.

Lv, Q., Zhang, R., Sun, X., Lu, Y., & Bao, J. (2021). A digital twin-driven human-robot
collaborative assembly approach in the wake of COVID-19. Journal of Manutfacturing Systems,
60, 837-851.

78.

Maes, M. (2022). Precision nomothetic medicine in depression research: a new depression model,
and new endophenotype classes and pathway phenotypes, and a digital self. Journal of
personalized medicine, 1X3), 403.

79.

Mazumder, O., Roy, D., Bhattacharya, S., Sinha, A., & Pal, A. (2019, July). Synthetic ppg
generation from haemodynamic model with baroreflex autoregulation: a digital twin of
cardiovascular system. In 2019 41st Annual International Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC) (pp. 5024-5029). IEEE.

80.

Meneses, dJ., C. Silva, J., R. Fernandes, S., Datta, A., Castelo Ferreira, F., Moura, C., ... & Pascoal-
Faria, P. (2020). A multimodal stimulation cell culture bioreactor for tissue engineering: a
numerical modelling approach. Polymers, 12X4), 940.

81.

Milne-Ives, M., Fraser, L. K., Khan, A., Walker, D., van Velthoven, M. H., May, J., ... & Meinert, E.
(2022). Life Course Digital Twins—Intelligent Monitoring for Early and Continuous Intervention
and Prevention (LifeTIME): Proposal for a Retrospective Cohort Study. JMIR Research Protocols,
11(5), e35738.

82.

Niederer, S. A., Aboelkassem, Y., Cantwell, C. D., Corrado, C., Coveney, S., Cherry, E. M., ... &
Wang, L. (2020). Creation and application of virtual patient cohorts of heart models. Philosophical
Transactions of the Royal Society A, 378(2173), 20190558.

83.

Nyholm, S. (2021). Should a medical digital twin be viewed as an extension of the patient's body?.
Journal of Medical Ethics, 476), 401-402.

m—19




WBE Fiivss T BeBEEORE] F65H 1%
Journal of Information and Communications Policy Vol.6 No.1

84.

Van Osta, N, Kirkels, F. P., Van Loon, T., Koopsen, T., Lyon, A., Meiburg, R., ... & Lumens, J.
(2021). Uncertainty quantification of regional cardiac tissue properties in arrhythmogenic
cardiomyopathy using adaptive multiple importance sampling. Frontiers in physiology, 12.

85.

Patterson, E. A., & Whelan, M. P. (2017). A framework to establish credibility of computational
models in biology. Progress in Biophysics and Molecular Biology, 129, 13-19.

86.

Peirlinck, M., Costabal, F. S., Yao, J., Guccione, J. M., Tripathy, S., Wang, Y., ... & Kuhl, E.
(2021). Precision medicine in human heart modeling. Biomechanics and modeling in
mechanobiology, 20(3), 803-831.

87.

Pinton, P. (2022). Computational models in inflammatory bowel disease. Clinical and
Translational Science, 15(4), 824-830.

88.

Pizzolato, C., Gunduz, M. A., Palipana, D., Wu, J., Grant, G., Hall, S., ... & Teng, Y. D. (2021).
Non-invasive approaches to functional recovery after spinal cord injury: Therapeutic targets and
multimodal device interventions. Experimental Neurology, 339, 113612.

89.

Pizzolato, C., Saxby, D. J., Palipana, D., Diamond, L. E., Barrett, R. S., Teng, Y. D., & Lloyd, D.
G. (2019). Neuromusculoskeletal modeling-based prostheses for recovery after spinal cord injury.
Frontiers in Neurorobotics, 13, 97.

90.

Popa, E. O., van Hilten, M., Oosterkamp, E., & Bogaardt, M. J. (2021). The use of digital twins in
healthcare: socio-ethical benefits and socio-ethical risks. Life sciences, society and policy, 171), 1-
25.

91.

Powell, D., Stuart, S., & Godfrey, A. (2021). Sports related concussion: an emerging era in digital
sports technology. NPJ digital medicine, 41), 1-8.

92.

Rodero, C., Strocchi, M., Lee, A. W., Rinaldi, C. A., Vigmond, E. J., Plank, G., ... & Niederer, S. A.
(2022). Impact of anatomical reverse remodelling in the design of optimal quadripolar pacing
leads: A computational study. Computers in biology and medicine, 140, 105073.

93.

Romero, P., Lozano, M., Martinez-Gil, F., Serra, D., Sebastiin, R., Lamata, P., & Garcia-
Fernandez, I. (2021). Clinically-Driven Virtual Patient Cohorts Generation: An Application to
Aorta. Frontiers in Physiology, 1375.

94.

Sahal, R., Alsamhi, S. H., Brown, K. N., O’Shea, D., & Alouffi, B. (2022). Blockchain-based digital
twins collaboration for smart pandemic alerting: decentralized COVID-19 pandemic alerting use
case. Computational Intelligence and Neuroscience, 2022.

95.

Schiitt, M., O'farrell, C., Stamatopoulos, K., Hoad, C. L., Marciani, L., Sulaiman, S., ... &
Alexiadis, A. (2022). Simulating the hydrodynamic conditions of the human ascending colon: a
digital twin of the dynamic colon model. Pharmaceutics, 14(1), 184.

96.

Shamanna, P., Dharmalingam, M., Sahay, R., Mohammed, J., Mohamed, M., Poon, T., ... &
Thajudeen, M. (2021). Retrospective study of glycemic variability, BMI, and blood pressure in
diabetes patients in the Digital Twin Precision Treatment Program. Scientific Reports, 11(1), 1-9.

97.

Shamanna, P., Joshi, S., Shah, L., Dharmalingam, M., Saboo, B., Mohammed, J., ... &
Keshavamurthy, A. (2021). Type 2 diabetes reversal with digital twin technology-enabled
precision nutrition and staging of reversal: a retrospective cohort study. Clinical Diabetes and
Endocrinology, A1), 1-8.

98.

Shamanna, P., Saboo, B., Damodharan, S., Mohammed, J., Mohamed, M., Poon, T\, ... & Thajudeen,
M. (2020). Reducing HbAlc in type 2 diabetes using digital twin technology-enabled precision
nutrition: a retrospective analysis. Diabetes Therapy, 11(11), 2703-2714.

99.

Sharma, P., Suehling, M., Flohr, T., & Comaniciu, D. (2020). Artificial intelligence in diagnostic
imaging: status quo, challenges, and future opportunities. Journal of Thoracic Imaging, 35, S11-
S16.

100.

Tardini, E., Zhang, X., Canahuate, G., Wentzel, A., Mohamed, A. S., Van Dijk, L., ... & Marai, G.
E. (2022). Optimal Treatment Selection in Sequential Systemic and Locoregional Therapy of
Oropharyngeal Squamous Carcinomas: Deep Q-Learning With a Patient-Physician Digital Twin
Dyad. Journal of medical Internet research, 244), e29455.

101.

Teller, M. (2021). Legal aspects related to digital twin. Philosophical Transactions of the Royal
Society A, 37€2207), 20210023.




TIENY A CEMROBER - R BB IS et &
ey - 1ER) - s  (ELSD

102.

Thiong'o, G. M., & Rutka, J. T. (2021). Digital Twin Technology: The Future of Predicting
Neurological Complications of Pediatric Cancers and Their Treatment. Frontiers in Oncology, 11,
781499-781499.

103.

Tigard, D. W. (2021). Digital twins running amok? Open questions for the ethics of an emerging
medical technology. Journal of Medical Ethics, 476), 407-408.

104.

Troncoso, A., Ortega, J. A., Seepold, R., & Madrid, N. M. (2021). Non-invasive devices for
respiratory sound monitoring. Procedia computer science, 192, 3040-3048.

105.

Venkatapurapu, S. P., Iwakiri, R., Udagawa, E., Patidar, N., Qi, Z., Takayama, R., ... &
Fernandez, J. (2022). A Computational Platform Integrating a Mechanistic Model of Crohn’s
Disease for Predicting Temporal Progression of Mucosal Damage and Healing. Advances in
Therapy, 1-23.

106.

Voigt, 1., Inojosa, H., Dillenseger, A., Haase, R., Akgiin, K., & Ziemssen, T. (2021). Digital twins
for multiple sclerosis. Frontiers in immunology, 12, 669811.

107.

Walter, W., Haferlach, C., Nadarajah, N., Schmidts, 1., Kiithn, C., Kern, W., & Haferlach, T.
(2021). How artificial intelligence might disrupt diagnostics in hematology in the near future.
Oncogene, 4025), 4271-4280.

108.

Wang, J., Qiao, L., Lv, H., & Lv, Z. (2022). Deep Transfer Learning-based Multi-modal Digital
Twins for Enhancement and Diagnostic Analysis of Brain MRI Image. IEEE/ACM Transactions
on Computational Biology and Bioinformatics.

109.

Wang, W., He, Y., Li, F., Li, J., Liu, J., & Wu, X. (2022). Digital twin rehabilitation system based
on self-balancing lower limb exoskeleton. Technology and Health Care, (Preprint), 1-13.

110.

Wu, C., Lorenzo, G., Hormuth, D. A., Lima, E. A., Slavkova, K. P., DiCarlo, J. C., ... & Yankeelov,
T. E. (2022). Integrating mechanism-based modeling with biomedical imaging to build practical
digital twins for clinical oncology. Biophysics Reviews, X2), 021304.

111.

Xing, X., Del Ser, J., Wu, Y., Li, Y., Xia, J., Xu, L., ... & Yang, G. (2022). HDL: Hybrid Deep
Learning for the Synthesis of Myocardial Velocity Maps in Digital Twins for Cardiac Analysis.
arXiv preprint arXiv-2203.05564.

112.

Zhou, C., Chase, J. G., Knopp, J., Sun, Q., Tawhai, M., Méller, K., ... & Desaive, T. (2021). Virtual
patients for mechanical ventilation in the intensive care unit. Computer Methods and Programs
in Biomedicine, 199, 105912.

113.

Zimmermann, J., Budde, K., Arbeiter, N., Molina, F., Storch, A., Uhrmacher, A. M., & van Rienen,
U. (2021). Using a digital twin of an electrical stimulation device to monitor and control the
electrical stimulation of cells in vitro. Frontiers in bioengineering and biotechnology, 9.

(FBERER : FM4F10A 26 B/ 7254 188 B : fMM45 11 A 14 8)




	１．はじめに
	２．方法
	３．結果
	３．１．デジタルツイン技術の医療・健康分野への応用可能性に関する文献
	３．２．人体における細胞・臓器・疾患モデルのシミュレーションを行う研究
	３．３．人体以外のものについてシミュレーションを行う研究
	３．４．広義・狭義のデジタルツイン技術の医療・健康分野への応用に関するELSI

	４．考察
	４．１．文献の掲載時期と掲載誌について
	４．２．広義・狭義のデジタルツイン技術の医療・健康分野における応用可能性
	４．３．広義・狭義のデジタルツイン技術の医療・健康分野における応用に関するELSIについて
	４．４．研究の限界

	５．さいごに

